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Abstract: At present, the imperfect network language environment has adversely affected cultivation of the language quality. Therefore, it is urgent to use modern information 
technology to design a novel algorithm model for the cultivation of language quality. To propose a more efficient model for language training assessment, a data mining 
algorithm and a Bayesian network were used to design a BOPPPS (Bridge-in, Objective/Outcome, Pre-assessment, Participatory learning, Post-assessment, Summary) 
model, with the model used to cultivate the language quality of adolescents. Regarding adolescents as the research object, a simulation experiment on the BOPPPS model 
was conducted, evaluating the actual effect by using the multi-level fuzzy comprehensive evaluation model. Results show that the BOPPPS model based on data mining 
algorithm and Bayesian network can effectively improve the language quality of adolescents. This lifting effect is mainly reflected in the mining and analysis of fMRI brain 
wave data based on Bayesian network. The resulting BOPPPS model and the traditional simple proposed BOPPPS are more scientific and targeted. During the training of 
adolescents' language quality, the proposed BOPPPS model can be used directly for teaching applications, which can get a better application effect. The conclusions can 
provide some reference for the cultivation of language quality and have certain theoretical research significance. 
 
Keywords: Bayesian network; BOPPPS model; cultivation; data mining; fMRI; language quality 

 
 

1 INTRODUCTION 
 

Since the invention of computers in the middle of the 
last century, computer and information technology have 
maintained a rapid development trend, and have brought 
revolutionary changes and far-reaching effects on human 
social life [1]. With the development of information 
technology, the information elements of the three major 
elements of human society are becoming more and more 
important, and they are influencing the direction of human 
development bringing mankind from the industrial age to 
the information age [2]. Now the pace of social and 
economic development is further accelerating, and the life 
rhythm is faster than before and it is also more convenient 
for the acquisition and storage of information, which 
makes the total amount of data accumulate more and more, 
with faster cumulative speed [3]. The Internet wave that 
began in the 1990s has further accelerated the 
accumulation of such data, and the breadth of data 
coverage continues to expand [4]. The data platform that 
the Internet provides to people is no longer the data of a 
place in the past [5]. This kind of information sky rocketing 
has not only brought people a big impact but also the 
imperfect network language has affected the language 
quality to a certain extent [6]. 

To this end, data mining algorithms and Bayesian 
networks are introduced into the evaluation of language 
quality training, effectively analyzing the relationship 
between many uncertain causal data in the process of 
cultivating language quality [7]. The conclusions are 
summarized into a general model for cultivating language 
quality to effectively improve language quality [8].  

Following are the major novelties of this study: (1) the 
existing research methods for most aspects of language 
quality training use questionnaires to obtain data and use 
the analytic model to derive. This approach not only leads 
to an increase in research costs but also reduces the 
credibility of the research results [9]. However, this study 
is novel in introducing data mining algorithms and 
Bayesian networks into the assessment of language quality 
training, with a BOPPPS (Bridge-in, Objective/outcome, 

Pre-assessment, Participatory learning, Post-assessment, 
Summary) model designed to train the language quality of 
adolescents [10]. (2) In the whole process of cultivating the 
language quality of adolescents using the BOPPPS model, 
fMRI (magnetic resonance) technology is used to collect 
the brain wave data of the research object. The ID3 
algorithm is used to mine and eliminate brainwave data that 
do not meet the experimental conditions, and then the 
remaining data are displayed in a visual way to the whole 
process of juvenile sentence-type inductive reasoning to 
obtain a more objective research result.  

The organizational structure of this study is as follows: 
Section 2 reviews the main research status of adolescents' 
language quality training. In Section 3, the algorithm 
model is optimized. Section 4 designs a simulation 
experiment to verify the actual effect of the BOPPPS 
model, and uses the multi-level fuzzy comprehensive 
evaluation model to evaluate its actual effect. In Section 5, 
the results of the study are summarized. 
 
2 STATE OF THE ART 
 

Bayesian network is a tool for uncertainty reasoning, 
has very powerful functions, and has solved many 
problems that cannot be solved by conventional methods 
[11]. However, since the Bayesian method needs to follow 
the definition of each event relationship by the relevant 
personnel, the subsequent calculation is performed, and 
then the probability of occurrence of the event is calculated 
by other methods [12]. The definition of the event 
relationship is more subjective, and the calculated result 
also has a certain subjective tendency. Therefore, relevant 
research scholars added objective data to the method and 
combined the objective data with the definition of 
subjective relationships to obtain more objective 
calculation results [13]. After that, some scholars tried to 
improve the Bayesian network completely through 
objective observation data, without relying on subjective 
components of event relationship definition [14]. This 
raised an NP problem for scholars and this problem had 
also attracted the attention of many scholars, with more and 
more scholars joining this research area [15]. Thus, in the 
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late 1960s, some scholars proposed a tree network model 
algorithm that can decompose a given probability 
distribution P [16]. Its implementation principle was to use 
cross-entropy to judge the model, but also the probability 
distribution P was combined to achieve the independent 
detection effect between variables. By this method, the best 
network structure was calculated [17]. The design thinking 
of this theory is also the basis of all subsequent research. 
By the end of the 1980s, researchers had improved this 
algorithm and extended its original application to multi-
tree structures [18]. More ideas were put forward for the 
direct determination of the directed edge, and the 
conditional independence relationship was used to judge it. 
At this time, a more comprehensive study of the 
construction of directed graphs began. In the same period, 
some scholars proposed to use the independent relationship 
between variables to analyze the structural relationship 
between their respective nodes, and to achieve the 
construction of directed graphs [19]. This study has 
expanded the network structure into a richer research 
direction, not only through tree research, but more and 
more network structure research directions are beginning 
to appear. In the early 1990s, researchers first proposed the 
K2 algorithm, a very valuable algorithm for incorporating 
a priori information into Bayesian network learning and a 
very important algorithm in Bayesian network research 
work. The algorithm can be used as a priori information 
under the condition of knowing the order of nodes. 
Combined with Bayesian network, the accuracy of model 
and data results can be better judged. After adjusting the 
network and using the greedy search method, the best 
network structure can be gotten. As long as they meet the 
above methods for finding the best network structure 
thinking, the academic community has summarized them 
into structural learning methods based on evaluation and 
search [20]. In the same period, other scholars proposed the 
Kutato algorithm, and its design thinking is consistent with 
K2. However, it is a measure of the evaluation index, so 
the calculation process of the entire algorithm is more 
complicated than the K2 algorithm, so fewer people are 
using it to calculate. At the same time, some scholars 
calculated the best network structure based on the 
minimum description length, only using search and 
evaluation. This method also does not require prior 
information. Later, some scholars proposed a new 
algorithm for evaluating search by the minimum 
information length. It can even calculate the optimal 
network structure without knowing the order of the nodes. 
Many excellent algorithms have been designed for the idea 
of completing structural learning through independent 
testing. In the early 1990s, some scholars improved the 
Boundary DAG algorithm and realized the construction of 
the network structure only when a part of the node order 
and prior information were known. 

Rydenvald [21] studied the use of languages and 
attitudes among adolescents in some European schools, 
with particular attention to the interrelationship between 
the third culture and elite bilingualism among adolescents, 
showing that there is a certain correlation between teaching 
languages and language education attitudes in different 
international education curricula. In the traditional sense, 
the definition of language ability is the preparation state 
and ability of individuals to learn the language, which is 
long-term and stable expression ability. It can be seen from 
the existing studies that working memory is also an 
important part of language ability [22]. Li used the meta-

analysis analysis method to study the effect of language 
ability in second language learning. The results show that 
language ability, as the cognitive ability of young people, 
is a very important condition in the learning process of the 
second language [23]. After the gradual improvement, the 
Bayesian network is used in various fields due to its 
powerful performance and its excellent computing power 
in uncertain causal relationships. The evaluation of the 
effect of adolescents' language quality training is also one 
of the most suitable directions for its application. Bayesian 
network is a new technology, the application research on 
the evaluation of adolescents' language quality training is 
limited, the data parameters are not complete, and the 
specific training scheme is not perfect, which has greatly 
limited the development of Bayesian network capabilities 
and the improvement of the language quality of 
adolescents. 

Therefore, in view of the shortcomings of the existing 
research, this study uses the data mining ID3 algorithm to 
improve the data parameters of Bayesian network in the 
training of adolescent language quality. That is to say, the 
data mining algorithm is used to mine the data clusters 
collected in the process of adolescents' language quality 
training, and then the value data parameters hidden in the 
data cluster are obtained. Then these data parameters are 
applied to the Bayesian network to effectively improve the 
cultivation ability of the Bayesian network, improving the 
BOPPPS model designed in this study to train the language 
quality of adolescents. 

 
3 METHODOLOGY 
 

It is known from the above description that fMRI 
(magnetic resonance) technology is used to collect brain 
waves of the human brain to realize real-time imaging of 
the activity between the brain regions to study the juvenile 
inductive inference ability of adolescents. But there are two 
major difficulties in this research method: (1) To better 
visualize the activity between different regions of the 
human brain, human brain brainwave data collected by 
fMRI (magnetic resonance) technology is often calculated 
in terabytes and the value of information existing between 
these massive human brain-wave data is difficult to explore 
conventionally; (2) The causal link between human 
brainwave data collected by fMRI (magnetic resonance) 
technology is often uncertain, which makes it difficult to 
study the brainwave data of these people. 

In response to the above problems and comprehensive 
research results, data mining algorithm and Bayesian 
network design are used to achieve a BOPPPS model in 
this study with the BOPPPS model used for adolescents' 
language quality. The Bayesian network runs through the 
whole research process, mining and analyzing the fMRI 
data through the Bayesian network, and thus proposing an 
improved BOPPPS model using Bayesian network, 
scientific and reasonable quantitative analysis can be 
effectively realized, while avoiding the influence of invalid 
data in the fMRI and providing the most scientific basis for 
the subsequent BOPPPS model. The BOPPPS model 
mainly uses the ID3 data mining algorithm to solve the 
problem that massive human brain wave data collected by 
fMRI (magnetic resonance) technology is difficult to mine 
using conventional methods. At the same time, Bayesian 
network is used to solve the problem of uncertain causal 
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connection between human brain wave data collected by 
fMRI (magnetic resonance) technology. 

 
3.1 ID3 Algorithm 

 
The ID3 algorithm is a criterion for judging the 

selected content based on the degree of attenuation 
exhibited by the information entropy. ID3 is developed by 
continuous research and analysis on two types of 
classification problems and is transformed into 
mathematical expressions as: 

Let 1 2* * * nE F F F  be the n-dimensional finite 

vector space, where Fj is the finite discrete symbol set. The 
element in E 1 2, ,..., ne V V V  is an instance, among them 

, 1, 2, ,j jV F j n   . Let P and N be two sets of instances 

of E and F, which are called positive and negative sets 
respectively as shown in Fig. 1. 

The amount of information required to determine is 
expressed by the following formula: 
 

( ) log logi i i i

i i i i i i i i

P P N N
E E

P N P N P N P N
=- -

+ + + +
 (1) 

 
If attribute A is used as the root of the decision tree, A 

has V values V1, V2, …, Vv which divides E into V subsets. 
Suppose Ei contains Pi positive examples and Ni counter 
examples. The information entropy of subset Ei is E(Ei). 
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i

i i i i i i i i
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 (2) 

 

The information entropy after the attribute A as the root 
is E(A): 
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Therefore, the information gain I(A) with the attribute 

as the root is: 
 

( ) ( ) ( )I E EA E A           (4) 

 
ID3 selects the attribute A that makes I(A) maximum 

(E(A) minimum) as the root node. Let the sample set S have 
a total of C samples, and the number of samples per class 
is Pi = (i = 1, 2, 3, …, e). If the attribute A is the lowest 
level of the decision tree, with V values V1, V2, …, Vv, it 
divides E into V subsets [E1, E2, …, Ev]. Assuming that the 
number of samples containing j in Ei is Pij = 1, 2, …, c, then 
the information amount of subset Ei is E(Ei):  
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The information entropy classified by A is: 
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Selecting attribute A minimizes E(A) in Eq. (6), and the 

information gain becomes more. 
 

 
Figure 1 Positive and negative examples 

 
3.2 Bayesian Network 

 
A Bayesian network is a common data model used to 

predict the causal link between different events. The basic 
principle of the model is mainly to calculate the causality 
between different data by using DAG (Directed Acyclic 
Graph) as shown in Fig. 2. The principle is as follows: 

The raw data needs to be processed first to generate an 
ordered sequence of data. 

If most of the level ratios fall within the allowable 

coverage area ( , )n ne e

 
2 2
1 1 , then the Bayesian network 

model can be established and the prediction function can 
be implemented. Otherwise, properly preprocess the data. 
The processing method is as follows: 

 

( )
( ) ( ) ( ) ( ) ( ) ( )0 0 0

0 1 2 1
( )

4

t t t
t

C C C
C

- + + +
=    (7) 



Jie CHEN: A Novel Model for Language Training Assessment Based on Data Mining and Bayesian Network 

774                         Technical Gazette 30, 3(2023), 771-778 

 
       0 0

0 1 3
( )

4

X n X n
X n

 
       (8) 

 

 
       0 0

0 1 3
( )

4

X n X n
X n

 
        (9) 

 

After processing, (1) (0)

1

( ) ( )
k

n

X k X n


  , a new series 

is gotten. 
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The differential equation for this series is as follows: 
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a in the formula is the development gray number; u is 

the endogenous control gray number. 

Let (0) (0) (0) T[ (2), (3), , ( )]nY X X X n   and ̂  be the 

parameter vector ˆ
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The model can then be expressed as ˆnY B  obtained 

by the least squares method:   1
ˆ T T

nB B B Y


  solves the 

differential equation, then the predicted discrete time 
response function: 
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X t X e t n

a a
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   1ˆ 1X t  is the accumulated predicted value, and the 

predicted value is restored as: 
 

(0) (1) (1)ˆ ˆ ˆ( 1) ( 1) ( )X t X t X t              (14) 

 
The original data sequence with variable x(0): 

 

 (0) (0) (0) (0)(1), (2),.... ( )x x x x n           (15) 

 
The first generation cumulative generation module x(1) 

is generated by the accumulation generation algorithm: 
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  in the formula. 

A differential equation consisting of a first-order gray 
module x(1): 
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After simplification can get: 

 

0
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If expressed in discrete form, as shown in Fig. 3, the 

derivative term can be written as: 
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Figure 2 Randomness versus raw data 
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Figure 3 After pre-processing, the data is processed by a cumulative generation 

process 
 

In this case, the x value can only take the average of 

the time k and k + 1, namely: 
1

[ ( 1) ( )]
2

x k x k   . The 

differential equation can be rewritten as: 
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Written in matrix form, there are: 
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In the above equations, Y and X are known quantities, 

and, B is a pending parameter. Since the variables are only 
a and b, 

But the least squares solution can be obtained by the 
least squares method. So the above equation can be directly 
rewritten as: 
 

ˆY XB E                    (22) 
 
The variable E in this formula is the error term. 
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Using the matrix derivation formula can get: 
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Figure 4 The smaller the variance, the higher the prediction accuracy 

 
Going back to the original differential equation, there 

are: 
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Solving the above equation can get 
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To simplify the calculation, the above formula can be 

simplified to the following formula: 
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It can be seen from Fig. 4 that the smaller the square 

difference calculated based on the aforementioned 
formula, the higher the prediction accuracy obtained 
 
4 RESULTS ANALYSIS 

 
To test the practical effect of the BOPPPS model 

designed by data mining algorithm and Bayesian network 
design in the process of cultivating adolescents' language 
quality, simulation experiments on the BOPPPS model and 
evaluate its actual effect are carried out through a multi-
level fuzzy comprehensive evaluation model. 

 
4.1 Experimental Environment 

 
According to the amount of data and the need for 

calculation, this study needs to build an operation platform; 
according to the number of research objects, we need the 
corresponding experimental platform and the main server 
node. To simplify the experiment difficulty, four PCs are 
used to build a simulation platform. One PC acts as the 
main server node, and three PCs are connected as Ethernet 
as the background server as the experimental platform of 
the BOPPPS model. 

 
4.2 Experimental Steps 

 
A total of 642 adolescents were selected to inform of 

the contents and purpose of the study before conducting the 
study. The BOPPPS model cultivates adolescents' 
language quality mainly in accordance with the following 
six stages: (1) Introducing (B), the process is mainly to 
introduce a cognitive premise to the adolescents who are 
the research subjects; (2) Goal (O), the process is mainly to 
set an expected target for these adolescents; (3) Pretest (P), 

a pre-test should be conducted for them before conducting 
the study; (4) Participatory learning (P), which is mainly to 
let them actively participate in the activities of language 
quality training; (5) Post-test (P), after the completion of 
the study, a post-test is required for them; (6) Summarize 
(S), this process is mainly to evaluate the actual effect of 
adolescents' language quality training as shown in Fig. 5. 

 

 
Figure 5 To evaluate the practical effect of language quality training for young 

people 
 
In the whole process of cultivating adolescents' 

language quality by using the BOPPPS model, fMRI 
(magnetic resonance) technology is used to collect brain 
wave data of research subjects, using the ID3 algorithm to 
mine and eliminate brainwave data that do not meet the 
experimental conditions. Then the remaining data is 
displayed in a visual way to the whole process of 
adolescent sentence-type inductive reasoning to ensure that 
an objective scientific research result can be obtained. 
 
4.3 Experimental Evaluation 

 
After obtaining a series of visual images of brainwave 

data, it is necessary to use the multi-level fuzzy 
comprehensive evaluation model to analyze and evaluate 
these images to evaluate the actual training effect of the 
BOPPPS model on adolescent language quality. 

 

 
Figure 6 The relative weight of the criterion layer index in the criterion layer 
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Figure 7 Using data mining algorithm and Bayesian network 

 
The multi-level fuzzy comprehensive evaluation 

model is based on cognitive science and fuzzy mathematics 
as a theoretical basis and is created by an evaluation 
method as shown in Fig. 6. Fig. 6 reflects the relative 
weight value corresponding to the criterion layer index in 
the residential layer. First, establish a hierarchical 
evaluation matrix R, and then calculate the product Mi of 
each row element of the judgment matrix R. The target 
metric layer weight vector is obtained by calculating the n 
root square  of Mi and normalizing it. 

Finally, the index weights of different weight vectors 
are set, with the data information recorded in the 
experiment process substituted into the above equation, 
and the evaluation result can be obtained as shown in Fig. 
7. The data in the figure shows that the BOPPPS model 
proposed by the data mining algorithm and Bayesian 
network design proposed in this study plays a positive role 
in improving the language quality of adolescents.  This 
study is to use fMRI nuclear magnetic resonance 
technology to obtain brain wave data of teenagers, and after 
the screening, it is analyzed by big data technology. The 
language quality of teenagers is a comprehensive ability. 
Bayesian network can analyze the effect of language 
quality training on teenagers. Using the BOPPPS model 
can directly use the data obtained by fMRI nuclear 
magnetic resonance technology so that conceptual 
language quality ability can be transformed into a concept 
that can be quantitatively analyzed. Through this model, 
we can directly analyze the differences in language quality 
of teenagers, and thus can carry out targeted training. 

5 CONCLUSION 
 
To test the practical effect of the BOPPPS model 

designed by using data mining algorithm and Bayesian 
network in the training of language quality a total of 642 
adolescents were selected to carry out specific experiments, 
with 1 and 3 PC machines as the main server nodes and 
experimental. The fMRI model is proposed by visualizing 
the language quality through BOPPPS NMR. The 
following conclusions can be drawn. The BOPPPS model 
based on data mining algorithm and Bayesian network can 
effectively improve the language quality of adolescents. 
This lifting effect is mainly reflected in the mining and 
analysis of fMRI brain wave data based on Bayesian 
network. The resulting BOPPPS model and the traditional 
simple proposed BOPPPS are more scientific and targeted. 
During the training of adolescents' language quality, the 
proposed BOPPPS model can be used directly for teaching 
applications, which can get a better application effect. 

There are some limitations in this study, such as small 
sample size, short experimental time, lack of follow-up, etc. 
in the later stage, it is necessary to expand the sample size 
of the study, as long as possible, follow up the speech 
improvement in the later stage, and further study different 
types of subjects. 
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