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Abstract: This paper discusses the application of Markov Chain model to evaluate middle school mathematics teaching. First, 
the paper introduces the basic concept of the Markov Chain and proposes how to divide student grades into different levels 
and construct the initial state vector and the transition probability matrix. Then, the paper demonstrates how to use the Markov 
Chain model to analyze the changes in mathematics grades of two classes, calculate the degree of progress and efficiency, 
and evaluate the teaching effectiveness of different teachers through actual cases. The results show that Class One has a better 
teaching effect, with higher degrees of progress and efficiency. The research proves that using the Markov Chain model can 
more objectively analyze teaching effects and guide teachers to improve their teaching methods. This model provides a new 
approach to evaluating the quality of middle school mathematics teaching and has practical application value.
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1. Introduction
Mathematics, as a field that studies quantitative relationships and spatial forms, plays a very important role in 
the formation of human rational thinking, the spirit of research, and the promotion of individual intellectual 
development [1]. The evaluation of mathematics classroom teaching plays an extremely important role in the 
teaching process. Teaching evaluation is an essential means to improve the quality of teaching and promote the 
comprehensive development of students [2].

The Markov Chain, a mathematical model that describes the stochastic changes of a system, was first 
proposed by the Russian mathematician Andrey Markov [3]. Markov Chain has a wide range of applications in 
various fields, including computational mathematics, finance and economics, bioengineering and education. 
Through the Markov Chain model, educators can better understand the learning process of students, predict 
their future performance, and thus improve teaching methods and strategies to enhance the quality of teaching [4].

2. Presentation of the problem
Our traditional teaching evaluations focus more on the teaching status of the teacher and the situation of the 
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students in a certain lesson. However, teaching is a dynamic process, and students’ initial learning foundation 
and literacy also affect the evaluation of teaching quality [5]. These initial differentiation characteristics of 
students will lead to a large difference in the original level of students, so the results may be unfair [6].

In middle school mathematics teaching, the evaluation of teaching quality heavily relies on the analysis 
of student grades. Currently, student performance is often considered based on data such as average scores, 
standard deviations, and ranges [7]. While these data have certain reference values, they may not fully reflect the 
actual teaching effectiveness. The Markov Chain, is a mathematical model built on a random process in which 
the probability of each state transitioning to another depends only on the current state and is independent of the 
previous sequence of states [8].

3. Introduction of the Markov Chain model
3.1. The definition of a Markov Chain
Let {Xn} be a random vector, State space is E={i}. If for any positive integer n and any state i, j, i0, i1, …, in-1 , in E, 
it holds that:

P{Xn+1= j | X0= i0 | X1= i1, … Xn-1 = in-1 Xn = i}=P{Xn+1= j | Xn = i}

Then we called {Xn} a Markov Chain.
We usually consider n as the “present,” n+1 as the “future,” and the moments 0, 1, …, n-1 as the “past.” 

From the definition, it is easy to observe that the “next state” in a Markov Chain depends solely on the “current 
state” and is independent of the “past states.” This property is the absence of after-effect of Markov chains [9].

3.2. Transition probability
Let {Xn} be a Markov Chain defined on the state space E, then there has:

Pij
(k)(m) = P{Xm+k= j | Xm= j}, i, j  E

In the formula, P(k)
ij(m) is referred to as the transition probability of {Xn} starting from state i at a time, m 

and reaching state j after k steps. The matrix P(k)(m) =Pij
(k)(m) is called the k-step transition probability matrix 

of {Xn} starting from time, m. The probability of transitioning from state i to state j in one step is known as the 
one-step transition probability of the Markov Chain, and P(m)=(Pij(m)) is called the one-step transition matrix [10]. 
In this paper, we mainly discuss the Markov Chain model with a one-step transition matrix, so the next step is 
to provide the one-step transition matrix [11].
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3.3. Steps to Establish a Markov Chain Model
3.3.1. Categorizing into levels and establishing a rational indicator system
To choose a suitable sample, you need to determine the possible states of your Markov Chain. For example, in our 
application in teaching evaluation, we divide student test scores into n levels, which are n states [13]. By calculating the 
proportion of all levels in the selected sample, you can obtain the initial state vector, represented as 
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3.3.2. Constructing the transition probability matrix
Based on the changes in each level of the sample, construct the one-step transition probability matrix p, which 
is represented as:
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Where ni represents the total number of instances in the “previous moment” that were in the i-th level, 
and nij represents the total number of transitions from level i to level j in the “previous moment” to the “next 
moment.” Based on the initial state π0 and P(n) , πn = π0P

(n)  is calculated, and the teaching effect evaluation is 
further given.

4. An example application of the Markov Model in middle school mathematics
This paper selects twenty students from Class One and Class Four of the eighth grade in Middle School E in 
City X as the research subjects. These two classes are taught by two different mathematics teachers. The math 
scores of the two classes in the first monthly exam and the final exam of the first semester are recorded. By 
constructing a comprehensive evaluation grade for student performance and a state transition matrix, the daily 
teaching of the two teachers is evaluated [14].

4.1. Construct the initial state vector
Based on the analysis of the scores, the grades are divided into five levels: 

A (102–120 points), B (84–102 points), C (72–84 points), D (48–72 points), and E (below 48 points). The 
following table shows the math scores of the two classes in the first monthly exam. From this, the initial state 
vectors for the scores of the two classes can be obtained.
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Table 1. The first monthly math exam score table for the two classes

Class A B C D E

Class One 6 8 3 2 1

Class Four 7 7 3 2 1

4.2. Constructing the state transition matrix
After one semester of teaching, the final exam scores of the two classes were re-tabulated as follows:

Table 2. The final exam math score table for the two classes

Class A B C D E

Class One 7 7 3 3 0

Class Four 8 6 2 2 2
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By comparing the scores from the two exams, we can obtain the comprehensive grade transition for 
mathematics performance for each class. For example, in Class One, there were 6 students in grade A on the 
first exam, and by the final exam, 5 remained in grade A, with 1 transitioning to grade B. The specific situations 
are shown in the following table:

Table 3. Class One Mathematics comprehensive grade transition situation

Number of students in final exam grade level

Level T1 T2 T3 T4 T5 Total

Number of students 
in first monthly math 

exam grade level

T1 5 1 0 0 0 6

T2 2 5 1 0 0 8

T3 0 1 2 0 0 3

T4 0 0 0 2 0 2

T5 0 0 0 1 0 1

Table 4. Class Four Mathematics comprehensive grade transition situation

Number of students in final exam grade level

Level T1 T2 T3 T4 T5 Total

Number of students 
in first monthly math 

exam grade level

T1 5 2 0 0 0 7

T2 3 2 2 0 0 7

T3 0 2 0 0 1 3

T4 0 0 0 1 1 2

T5 0 0 0 1 0 1

Based on the contents shown in the table, the probability transition matrices for Class One and Class Four 
can be calculated respectively.
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Through calculation, it can be obtained that 
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Based on the aforementioned grade classification, let the score weights be W = (110, 90, 70, 50, 30). Using 
software like MATLAB, the results for the progress degrees of the two classes can be calculated as follows: 

E1
m ≈ 5.413, E4

m ≈ -0.946

5. The application conclusions of the Markov Chain model
For Class One and Class Four, taught by two different teachers, the initial average score for Class One was 
86.3, which improved to 87.5 in the second assessment. Class Four’s initial average score was 89.1, which 
slightly decreased to 87.1 in the second assessment. Overall, Class Four had a slightly higher average score than 
Class One.  However, in actual teaching, there are some factors such as individual differences among students. 
Looking at the changes in scores, Class One’s average score has improved, while Class Four’s average score has 
slightly decreased. Furthermore, from the progress matrix and efficiency values, it can be seen that the teaching 
effect of the teacher in Class One is better than that in Class Four. This indicates that by using the Markov 
Chain model, the influence of students’ difference factors has been reduced to a certain extent, providing a more 
accurate evaluation of teaching effectiveness. 

In this study, by utilizing the Markov Chain model, a practical and effective model for evaluating teaching 
effectiveness has been established. This model can help schools analyze teaching quality more objectively can 
remind teachers to take certain intervention measures. Under the current high school entrance examination 
reform, Mathematics, as a subject with a significant weight in the total score, requires us to control the quality 
of Mathematics classes in time. Therefore, through the establishment of this model, a reasonable data analysis 
can be provided for each teaching class, and teaching suggestions can be made based on this trend, facilitating 
teachers in carrying out subsequent teaching work.
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