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Abstract—In order to further improve the teaching quality evaluation accu-
racy of physical education(abbreviated as PE) curriculum in colleges, this study 
conducts an in-deep research on the overall evaluation of PE teaching effect in 
colleges from the aspects of teachers’ teaching ability and students’ learning ef-
fect based on the hybrid technology of data mining and hidden Markov model. 
First of all, this study analyzes the development status of the teaching quality 
evaluation system of PE curriculum in colleges; Secondly, it analyzes the ap-
plicability of data mining technology and hidden Markov model to the evalua-
tion of PE teaching quality in colleges, and proposes a mathematical model for 
evaluating the quality of PE teaching in colleges; Finally, this study carries out 
a series of experiments on the basis of mathematical models, and analyzes the 
experimental results in depth. The experimental analysis shows that the model 
proposed in this paper is helpful to improve the accuracy of PE teaching quality 
evaluation in colleges. The research results of this study provide a useful explo-
ration for the integration of computing technology and language teaching. At 
the same time, it provides a reference path and implementation model for im-
proving the teaching of PE for graduates in colleges through machine learning 
technology. 

Keywords—Data mining, hidden Markov model, PE for graduate students, 
teaching evaluation. 

1 Introduction 

In order to further improve the teaching quality evaluation accuracy of PE curricu-
lum in colleges, this study explores the overall evaluation of PE teaching effect in 
colleges in depth based on a detailed analysis of the applicability of machine learning 
technology to improve PE teaching and with references to mining technology and 
hidden Markov model. 

There has been a long history of the research on the teaching evaluation. Among 
the available references, earlier research dates back to the middle of the last century 
[1-2]. Among the subsequent studies, some analyzed the evaluation of the special PE 
teaching effect in depth, some attempted to use practical methods to guide students to 
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improve their self-evaluation ability, and some analyzed the influence of the composi-
tion and feedback mechanism of PE curriculum on the evaluation effect [3-8]. In 
addition, more recent research results also include the design and optimization of 
evaluation scales based on the actual needs of PE curriculum teaching [9], and how 
feedback can be formed through questionnaires to improve teaching [10]. 

Although a lot of research has been done on PE teaching evaluation by the prede-
cessors, there is still room for further improvement in the accuracy and efficiency of 
teaching evaluation. 

As to the research methods for PE teaching evaluation in colleges, the existing 
problems are as follows. Firstly, limited by cross-domain system thinking, traditional 
research methods in the field of social sciences are mainly adopted with little or no 
reference to the latest research results in the computing field, thus it is difficult to 
increase accuracy significantly. Secondly, the over-singular evaluation layer fails to 
reflect the indispensability of either the teachers or the students in the teaching pro-
cess, and the education concept with students as the main body. In order to improve 
the performance of PE teaching evaluation algorithm, this article proposes a PE teach-
ing evaluation model based on hybrid technology of data mining and hidden Markov 
model. Through the comparison with the previous methods, the advantages of the 
proposed algorithm in precision and computational efficiency are verified. 

2 Analysis on Applicability of Machine Learning Technology 

2.1 Applicability analysis of data mining technology to the evaluation of PE 

teachers' teaching ability in colleges  

The data mining technology in the field of machine learning can effectively reduce 
the noise point interference of the data collected in the teaching process, and excavate 
more objective and useful information from the data base, thus improving the evalua-
tion accuracy of teachers' teaching ability in teaching evaluation, and providing more 
reliable basis for subsequent teaching improvement. 

Due to the differences in the professional level and personality of teachers, the 
teaching forms of PE courses in colleges are diversified. Among them, there are many 
noise points that affect the real evaluation of teachers' teaching ability, or even the 
opposite evaluation of teachers' teaching ability. Through manual methods, it is obvi-
ously difficult to effectively eliminate interference from noise points. Especially when 
the number of noise points is large, these methods are obviously not feasible for engi-
neering applications. The data mining technology in the field of machine learning can 
effectively remove noise points in batches and extract valuable information from a 
large amount of data. Overall, the data mining process for evaluating teachers' ability 
to teach can be divided into the following five stages. 

Stage 1: Data cleaning: This stage specifically includes preprocessing operations 
such as data selection, data discretization, and data normalization. The cleaned data 
set can be defined as: 
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  (1) 

where, Di represents the i-th sample of the data set, di1 the 1st attribute value of the 
sample vector Di, and dij 1st attribute value of the sample vector Di, indicating that the 
dimension of the sample vector Di is j. 

Stage 2: Soft Interval: In order to further improve data fault tolerance, a soft in-
terval mechanism is introduced, which allows a small number of samples to not satis-
fy the constraint. 

  (2) 

where, w represents notation vector, b the displacement variable, and ξi the i-th 
slack variable. 

Stage 3: Mining of data association rules: The mining of the association rules be-
tween the data means that the association rules between the conditional attribute set A 

and the decision attribute set B are solved in the sample vector set  after the soft 
interval. First, randomly select a subset of conditional attributes, A1; Then, calculate 
the association rules of A1→B; After that, iteration is continued until the change of the 
condition attribute subset Ak of the k-th time is lower than the minimum confidence ε; 
Finally, use the current income association rules as mining results. 

Stage 4: Kernel linear dimensionality reduction: In order to improve the compu-
ting speed and reduce the memory consumption, the kernel linear dimension reduction 
method is introduced, which can reduce the dimensionality of high-dimensional space 
points while maintaining the original low-dimensional structure. For example, a high-

dimensional eigenvector  with j dimensions projects the data onto a hyperplane, 

and introduce the kernel function 

   (3) 

After that, use the following formula to derive the low-dimensional eigenvector 

 after dimensionality reduction: 

   (4) 

Stage 5: Evaluation of teachers' teaching ability: The evaluation index T can be 
calculated by the following formula: 

  (5) 

where, T represents the final evaluation value of a teacher's teaching ability, W the 
weight vector, and V the teacher's teaching ability index vector. 
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2.2 Applicability analysis of hidden Markov model to the evaluation of PE 

students' learning effect in colleges  

Hidden Markov model in the field of machine learning, a dynamic Bayesian net-
work with simple structure, has been widely used in time series data modeling and 
widely recognized especially in the fields of image processing, speech recognition and 
natural language processing. The hidden Markov model can be used to estimate and 
infer the difficult and unobservable variables based on the observed variables, thus it 
is especially suitable for measuring the mastery of students' knowledge of a series of 
knowledge points in the teaching process of PE courses in colleges. 

Due to the discrepancy in students’ abilities and the large differences in the forms 
of professional PE projects, traditional testing methods often fail to evaluate students' 
actual learning effects in real time and with high accuracy. The hidden Markov model 
in the field of machine learning can just use the probabilistic graphical model to esti-
mate the unknown variables using observable known variables. Among them, the 
observable known variables are called observation variables, and the unknown varia-
bles are called hidden variables. Figure 1 shows the graph structure of the hidden 
Markov model. 

 

Fig. 1. Graph structure of the hidden Markov model 

In Figure 1, the hidden variable {y1, y2, ⋯, yn} represents the degree of mastery of a 
series of knowledge points, and the observation variable {y1, y2, ⋯, yn} represents the 
test results for a series of knowledge points. In general, the hidden Markov model 
calculations suitable for evaluating students' learning effects can be divided into the 
following four stages. 

Stage 1: Define the joint probability distribution: The joint probability distribu-
tion of the hidden Markov model shown in Figure 1 can be defined as: 

 (6) 

Stage 2: Define the state transition probability, output observation probabil-

ity, and initial state probability: State transition probability refers to the model’s 
probability of state transition between two knowledge points before and after itself, 
output observation probability refers to the probability of test score of each 
knowledge point in the current state, and the initial state probability refers to the 
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probability of each knowledge point test score in the initial state. The three probabili-
ties are shown as in formulas (7-9): 

  (7) 

  (8) 

   (9) 

Stage 3: Iterate: First, select the initial state according to the initial state probabil-
ity ci; then, select an observation variable according to the initial state and the output 
observation probability bij; finally, determine the next variable state based on the 
initial state and the state transition probability aij. 

Stage 4: Hidden variables: When all the knowledge points are iterated, the result 
{y1, y2, ⋯, yn} is the state of the hidden variables. 

3 PE Teaching Evaluation Model Based on Hybrid Technology 

3.1 Flow chart of the evaluation model 

Based on hybrid technology of data mining and hidden Markov model, this study 
presents a new evaluation model for PE teaching in colleges, of which the flow chart 
is shown in Figure 2. 

 

Fig. 2. Flow chart of the evaluation model for PE teaching in colleges based on the hybrid 
technology of data mining and hidden Markov model 

It can be seen from Figure 2 that the PE teaching evaluation model proposed in this 
study includes two aspects: teachers’ teaching and students’ learning. As to the for-
mer, evaluation of teachers is completed through the data mining technology. As to 
the latter, the evaluation of students is completed through the hidden Markov model. 
Finally, the overall evaluation of teaching quality is obtained by integrating the evalu-
ation of teachers' teaching ability and the evaluation of students' learning effect. 

3.2 Preparation of data before using hybrid technology  

The data preparation includes two parts: The data preparation before evaluating 
teachers' teaching ability, and that before evaluating students' learning effect.  
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First, let’s introduce how to prepare data for evaluating teachers' teaching ability. 
The preparation of evaluation data of teachers’ teaching ability can be divided into the 
following three steps. 

• Step 1: Define the layers of teaching ability evaluation scale of PE teachers in 
colleges. The layers of the scale can be divided into three types: single-layer, dou-
ble-layer or multiple-layer. This study chooses to use a single-layer evaluation 
scale. 

• Step 2: Define the meaning of each index in the evaluation scale. There are 10 
indexes used in this study, such as teachers' highest degree, teacher's professional 
title, business test results and scientific research achievements. The names and in-
terpretations of specific index parameters are shown in Table 1. 

Table 1.  Various indexes in the teaching ability evaluation scale of professional PE teachers 
for postgraduates in colleges  

Name Interpretation 

I1 Highest degree 

I2 Professional title  

I3 Business test results 

I4 Scientific research achievements 

I5 Employment time 

I6 Carefulness in lesson preparation  

I7 Classroom interaction 

I8 Consistency of knowledge points 

I9 Business awards received 

I10 Satisfaction with after class Q & A 

 

Step 3: Quantify teachers’ data. The teachers’ data used either for training or test-
ing are quantified according to the indexes shown in Table 1 so as to facilitate the 
training and testing of the machine learning model. 

Then, let’s introduce how to prepare data for evaluating students’ learning effect. 
The preparation of the student's learning evaluation data is specifically as follows in 
steps 4 to 6. 

Step 4: Determine course knowledge points. Based on the requirements of the syl-
labus and the experience of experts in the field, the knowledge points involved in a PE 
course are listed in detail. 

Step 5: Determine the logical relationship between knowledge points. According 
to actual classroom teaching practice and the order in which the students accept the 
knowledge points, the logical relationship between all the knowledge points is deter-
mined. For example, Figure 3 shows the logical relationship between four knowledge 
points. 

In Figure 3, the knowledge point 1 is the preceding knowledge of the knowledge 
point 2, which in turn is the preceding knowledge of the knowledge points 3 and 4. 

Step 6: Record the students’ written test scores for the mastery of PE knowledge in 
the non-competitive part. Students' mastery of knowledge points can only be present-
ed through questions in class or written tests. That is to say, students' mastery of 
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knowledge points is a hidden variable that is difficult to observe. These hidden varia-
bles can only be expressed through the observable variables such as questions in class 
or written test scores. Because the classroom Q&A records are not easy to standard-
ize, this study uses written test scores as observation variables. 

 

Fig. 3. Logical relationship between four knowledge points 

3.3 Parallel processing in the use of hybrid technology 

The parallel processing calculation also includes two parts: one is to evaluate the 
teachers’ teaching ability, and the other to evaluate the students’ learning effect. 

First, let’s introduce the processing calculation for evaluating teachers’ teaching 
ability. This process can be divided into the following 2 steps. 

Step 1: Calculate the weights of the indexes listed in Table 1. Collect the real data 
of a certain amount of teachers as training data. After the quantitative processing 
operation, use the data mining technology introduced in Section 1.1 of this study to 
obtain the corresponding weights W1~W2 of each indicator I1~I10 listed in Table 
through training. 

Step 2: Calculate the ability of the teachers to be evaluated. As for the data of the 
teachers to be evaluated, first complete the preparation of the data according to Sec-
tion 2.2, and then perform weighted accumulation of each indicator data. The results 
are the scores of teaching ability of the teachers to be evaluated. That is, the 

score of a teacher's teaching ability can be calculated by the following formula: 

   (10) 

Then, let’s introduce the processing calculation for evaluating the students’ learn-
ing effect. The processing calculation of this part is specifically shown by the follow-
ing steps 3 to 5. 

Step 3: Stipulate and simplify knowledge dependencies. Based on the data prepa-
ration in Section 2.2, the knowledge dependency will be further processed. Due to the 
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intricate relationship between knowledge points, proper stipulation and simplification 
of the logical relationship between knowledge points without affecting the generality 
will help to better apply the hidden Markov model. Taking Figure 3 as an example, 
the logical relationship between the four knowledge points listed in the figure are 
stipulated and simplified, and a new logical relationship is formed as shown in Figure 
4. In Figure 4, the preceding knowledge of the knowledge point 4 is changed from the 
knowledge point 2 to the knowledge point 3. After the stipulation, although the 
knowledge dependency graph is slightly changed, the overall evaluation effect is 
better because the knowledge framework can be applied to the hidden Markov model 
as a whole. 

 

Fig. 4. Logical relationship between knowledge points after stipulation and simplification 

Step 4: Construct a hidden Markov model between knowledge points and tests. 
Assuming that the knowledge points 1 to 4 shown in Figure 4 correspond to the tests 1 
to 4, a hidden Markov model composed of the knowledge points and the tests is as 
shown in Figure 5. 

 

Fig. 5. Hidden Markov model between knowledge points and tests 

Step 5: Calculate the learning effect of the students to be evaluated. For the hidden 
Markov model that has been constructed, the Hidden Markov Model hidden variable 
calculation method introduced in Section 1.1 of this study is used to evaluate the stu-
dents’ learning effect. The evaluation score SS is as follows: 

  (11) 

where, n indicates the number of knowledge points, Ki the learning effect evalua-
tion score of the i-th knowledge point, and Vi the weight of the learning effect evalua-
tion of the i-th knowledge point. 
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3.4 Generation of overall evaluation after using hybrid technology 

After obtaining the evaluation score of teachers' teaching ability, ST, and that of 
students' learning effect, ST, the overall score of PE teaching evaluation can be given 
by the following formula: 

  (12) 

where, the weight of ST is set to 0.7, and that of SS is set to 0.3. That is, this study 
holds that students are the main body of teaching activities, compared with the evalua-
tion of teachers' teaching ability, the evaluation of students' learning effect is more 
important. 

4 Experimental Results and Analysis 

The experimental process hardware configuration of the above-mentioned hybrid 
technology-based PE teaching evaluation model is as follows: CPU with i3-5005U 2.0 
GHz, and 4G-RAM. The experimental software selects Matlab 2013b, and the soft-
ware running system selects Windows 10 flagship edition. With the PE basic course 
in a college selected as research object, this experiment collects the teaching and 
learning information of 15 PE teachers and 462 students of different majors in 15 
classes participating in the teaching process. According to the method given in Sec-
tion 2 of this paper, the overall evaluation of PE teaching is obtained by taking indi-
vidual students as a unit. Then, carry out the survey on the acceptance of the overall 
teaching evaluation acceptance of the teacher and students through questionnaires. 
When the acceptance error is within ±5%, the calculated overall evaluation is consid-
ered to be accurate. 

In order to verify the accuracy of the algorithm in this study, it is compared with 
the algorithm choices applied in other subject areas: the algorithms [11-14]. The im-
plementation process of the algorithm is shown in the original literature. The compar-
ison results are shown in Figure 6. 

According to the comparison of the accuracy of several algorithms shown in Figure 
6, the algorithm in this study has the highest accuracy (90.3%), which is obviously 
better than the other algorithms selected. The algorithm proposed with Siegel & Dubé 
[13] has the lowest accuracy (only 68.3%), because the algorithm is only designed for 
PE in the education industry, and its application is narrow. The accuracy of the algo-
rithms proposed with Campbell [11], Bernhardt [12] (75.9% and70.7%, respectively) 
is slightly higher than Becerra-Fernández et al. [6], which is due to the wider industri-
al application of the algorithms proposed with Campbell [11], Bernhardt [12]. Moreo-
ver, the algorithm proposed with Hirsch et al. [3] is more suitable for the teaching of 
basic theories and methods of PE teaching, and the algorithm proposed with Bern-
hardt [12] is more suitable for PE teaching in exercising, training and competition 
skills. The accuracy of the algorithm proposed with Karakus & Türkkan [14] is sec-
ond only to the algorithm proposed in this study (81.0%), which is because the algo-
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rithm optimizes the design of the evaluation scale and can reflect the real teaching 
effect well. 

 

Fig. 6. Comparison of the accuracy of previous algorithms and the algorithm in this study 

In addition, the running time of the selected algorithm is compared with the com-
putational complexity of each algorithm, and the experimental results are shown in 
Figure 7. 

 

Fig. 7. Comparison of running time between previous algorithms and the one used in this study 
(Unit: second) 

According to Figure 7 that shows the experimental comparison of running time be-
tween these algorithms, although the speed of the selected algorithm (642 seconds) is 
not as good as the algorithm proposed with Bernhardt [12] (517 seconds), it has a 
better performance among all algorithms. Particularly, its running time is significantly 
less than the algorithms proposed with Campbell [11] (706 seconds) and Karakus & 
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Türkkan [14] (843 seconds). The algorithm proposed with Karakus & Türkkan [14] 
has the longest running time, because the algorithm needs to process a large number 
of high redundancy tables, which increases the number of memory accesses geometri-
cally and results in the lower efficiency of the algorithm. The algorithms proposed 
with Campbell [11] and Siegel & Dubé [13] are of moderate operation efficiency, 
because the algorithms proposed with Campbell [11] and Siegel & Dubé [13] are 
designed for specific learning contents, and a part of their operation efficiency is sac-
rificed for ensuring accuracy. It should be particularly pointed out that the running 
time of the algorithm proposed with Bernhardt [12] is less than that of the algorithm 
proposed in this study, because the former requires fewer tables and is optimized in 
terms of efficiency. 

In summary, the algorithm proposed in this study has achieved better overall per-
formance than the previous algorithms in terms of accuracy and rapidity. 

5 Conclusion 

This study proposes a research method for PE teaching evaluation based on hybrid 
technology of data mining and hidden Markov model, obtains the evaluation of teach-
ers' teaching ability using data mining technology in the field of machine learning and 
the evaluation of students' learning effect using the hidden Markov model in the field 
of machine learning, and finally gets the overall evaluation of PE teaching in colleges 
through the weighted sum of the evaluations in these two aspects. This study is inno-
vative in the following two aspects. On the one hand, it carries out the quantitative 
analysis and calculation of the teaching process with the introduction of more mature 
technologies in the field of machine learning. On the other hand, it respects the teach-
ing practice by taking students as the main body, and carries out teaching evaluation 
in terms of both teachers and students. The experimental results show that the pro-
posed algorithm has better accuracy and higher computational efficiency in PE teach-
ing evaluation. The next step is to optimize the algorithm flow appropriately in order 
to further improve the computational efficiency of the algorithm. 
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