





A Study on the Cognitive Level of Mathematics Innovation Awareness and Literacy among Pre-service Middle School Mathematics Teachers

Abstract:
Currently, the cultivation of mathematical innovation awareness and literacy has received widespread attention. This study randomly selected 20 Masters in Education from a university as the survey subjects and used semi-structured interviews to investigate their understanding of innovation awareness and literacy. The interview results were coded and compared with mathematics innovation awareness and literacy. Through analysis, it was found that the current pre-service mathematics teachers' knowledge of mathematical innovation awareness and literacy is not extensive, and most of them can hardly recognize the complete content of mathematical innovation awareness. At the same time, their understanding of mathematical innovation awareness is not deep and most people have a shallow understanding of innovation awareness, with many unreasonable aspects. Their understanding of innovation awareness is also not clear, and they cannot clearly describe the complete content of mathematical innovation awareness. Therefore, it is suggested to strengthen relevant training for pre-service mathematics teachers and provide them with more practical training.
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1. INTRODUCTION
The awareness of mathematical innovation is one of the important components of the core literacy of middle school mathematics, and it is a prerequisite for carrying out all innovative activities. It has important practical significance for improving students' learning ability and stimulating their innovative emotions (Zheng, 2023). The Mathematics Curriculum Standards for Compulsory Education (2022 Edition) clearly states that cultivating students' mathematical innovation consciousness helps them form a scientific attitude and rational spirit of independent thinking and daring to question. Therefore, the Mathematics Curriculum Standards for Compulsory Education (2022 Edition) attach great importance to cultivating students' mathematical innovation consciousness. However, numerous studies by scholars have shown that the current level of mathematical innovation awareness and literacy among middle school students is not high. In actual teaching, the cultivation of mathematical innovation awareness has not been well implemented. What causes this phenomenon? How can we improve the mathematical innovation awareness and literacy of middle school students?

2. OVERVIEW
There have been many studies on the mathematical innovation awareness of middle school students, mainly focusing on the current situation, influencing factors and cultivation strategies of mathematical innovation awareness among middle school students. Scholars usually study the current situation and influencing factors of mathematical innovation awareness among middle school students, based on their theoretical thinking and teaching experience, derive cultivation strategies for mathematical innovation awareness among middle school students.
2.1 The current situation of middle school students' mathematical innovation awareness and literacy
After conducting a survey using a questionnaire, Wang Yuxue (2020) found that students have low innovation awareness, prefer to accept simple knowledge, and are not willing to try difficult things. After conducting a survey and research on 146 high school students, Min Ying (2021) found that the majority of students have low levels of problem-solving ability and innovation awareness, with only a few students scoring relatively high. After the questionnaire survey and data analysis, Liu Jiao (2020) found that students of different grades and genders have varying levels of mathematical innovation awareness. Second-year middle school students have better innovation awareness compared to other grades, and girls have higher levels of mathematical innovation awareness than boys. Xue Li and Yang Fumin (2024) conducted a survey on third-year middle school students using a mathematical innovation awareness questionnaire. After descriptive statistical analysis of the questionnaire scores, she concluded that there is a significant gap in the mathematical innovation awareness of third-year middle school students, but the average level is only around the passing line. After surveying 420 middle school students in Xining City, Qinghai Province, Chen Yumei (2024) found that the average intelligence of middle school students is greater than the average mathematical innovation consciousness, indicating that the mathematical innovation consciousness of middle school students has not been well-developed. Studies by different scholars have shown that the level of mathematical innovation awareness among middle school students is not high, and there are significant individual differences.
2.2 The influencing factors of middle school students' mathematical innovation awareness and literacy
According to Yang Ling (2007), the main factors affecting the development of students' mathematical innovation consciousness are the education and teaching management system, teachers, teaching methods and academic performance evaluation. Among these factors, the education and teaching management system has the greatest impact. Su Yongzhi (2018) believes that an important factor hindering the improvement of students' innovative consciousness is their low interest in mathematics learning. At the same time, under the influence of exam-oriented education, they pursue academic performance unilaterally, which further hinders the improvement of students' mathematical innovation consciousness. Wang Yan (2021) believes that the main factor affecting students' innovative consciousness and literacy is the learning environment, and she emphasizes the need to create autonomous learning environments for students. Fan Luying and Shen Xiaobei (2017) found that the foundation of mathematical innovation consciousness is comprehensive knowledge literacy, interests and emotions, and social environment. The thinking factors that affect the improvement of innovation consciousness are dependent thinking, fixed thinking, and intuitive insight thinking. 
2.3 Strategies for cultivating middle school students' mathematical innovation awareness and literacy
Currently, research on the cultivation strategies of middle school students' mathematical innovation awareness and literacy mostly focuses on the construction of teaching contexts and the use of teaching methods by teachers.
Tu Wanfang (2025) found that the key to cultivating students' mathematical innovation consciousness lies in creating situations, constructing a psychological field for students to actively explore through cognitive involvement and emotional arousal of situations. Li Xiaobin (2024) proposed that teachers need to transform their teaching methods, using problems and practice to drive students' innovative consciousness. At the same time, they should pay attention to training students' reverse thinking, deepening their understanding of basic knowledge, learning to flexibly use various problem-solving methods, and creating new methods. In summary, studies on the mathematical innovation awareness and literacy of middle school students mostly focus on the current situation, influencing factors and training strategies. There are few studies on the mathematical innovation awareness of pre-service mathematics teachers. The cognitive level of mathematical innovation awareness and literacy of pre-service mathematics teachers is even blank. Whether the mathematical innovation consciousness of middle school students can be fully developed is closely related to the level of teachers' understanding of mathematical innovation consciousness and literacy. Therefore, the level of teachers' understanding of mathematical innovation awareness and literacy has a significant impact on the cultivation of students' mathematical innovation awareness (Zheng, 2023). Therefore, this article aims to investigate the cognitive level of mathematical innovation awareness and literacy among pre-service mathematics teachers.
Therefore, the research question of this article is:
1. How extensive is the understanding of mathematical innovation awareness and literacy among pre-service middle school mathematics teachers?
2. How deep is the understanding of mathematical innovation awareness and literacy among pre-service middle school mathematics teachers?
3. Is the pre-service middle school mathematics teacher's understanding of mathematical innovation awareness and literacy clear?
Previous studies have shown that the current level of mathematical innovation awareness and literacy among middle school students is not high, and the cognitive level of mathematical teachers' innovation awareness has a significant impact on students' level of mathematical innovation awareness. Therefore, the following hypothesis are made:
1. Pre-service middle school mathematics teachers have a limited understanding of mathematical innovation awareness and literacy;
2. Pre-service middle school mathematics teachers do not have a deep understanding of mathematical innovation awareness and literacy;
3. Pre-service middle school mathematics teachers have an unclear understanding of mathematical innovation awareness and literacy.

3. THEORETICAL BASIS 
Previous researchers have conducted extensive research on the connotation, value and composition of mathematical innovation awareness and literacy.
Innovation refers to abandoning the old and creating the new. Consciousness refers to both human psychology and people's perception and attention to the outside world (Jiang, 2023). Scholars have proposed different definitions for innovation consciousness. For example, Sui Miaomiao (2020) proposed that innovation consciousness is manifested in students' ability to make reasonable hypotheses based on existing knowledge, through experiments or theoretical verification, and ultimately form scientific conclusions. Sun Hongan (2025) found that the essence of innovative consciousness is that humans want to fully understand certain things and hope to improve existing things with new methods. Mathematical innovation consciousness is the innovative consciousness in the field of mathematics education, mainly referring to the innovative consciousness demonstrated by students in mathematics teaching activities regarding the subject of mathematics. Regarding the mathematical innovation awareness and literacy of middle school students, the Mathematics Curriculum Standards for Compulsory Education (2011 Edition) points out that discovering and posing problems is the first step in innovation, independent thinking is the core of innovation, inductive generalization to obtain conjectures and patterns and verify them is an important method of innovation. On this basis, different scholars have conducted further analysis and interpretation of mathematical innovation consciousness. For example, Zhang Shuai (2019) proposed that mathematical innovation consciousness should include mathematical innovation emotions, mathematical innovation desires and mathematical innovation concepts. By 2022, the Ministry of Education of China had comprehensively summarized the above viewpoints and provided a more formal statement in the Mathematics Curriculum Standards for Compulsory Education (2022 Edition), which states that mathematical innovation consciousness mainly refers to the proactive attempt to discover and propose meaningful mathematical problems from daily life, natural phenomena or scientific contexts. In the teaching process, students are required to initially learn to identify mathematical relationships and patterns through specific examples, using induction and analogy methods, proposing mathematical propositions and conjectures and verifying them, while daring to explore some open and unconventional practical and mathematical problems. The Mathematics Curriculum Standards for Compulsory Education (2022 Edition) also clearly states that the formation of innovative consciousness helps students develop a scientific attitude and rational thinking, and questioning. To ensure the objectivity of the research, this study follows the definition of mathematical innovation awareness and literacy in the Mathematics Curriculum Standards for Compulsory Education (2022 Edition) and investigates the cognitive level of pre-service middle school mathematics teachers towards innovation awareness and literacy.

4. RESEARCH METHODS
This study selected 20 survey subjects through random sampling and conducted open-ended interviews. The interview results were recorded and coded, and then compared with previous research results for analysis.
4.1 Sample analyses
To truthfully reflect the cognitive level of innovation awareness and literacy among pre-service middle school mathematics teachers, this study adopted a random sampling method and selected 20 degree students majoring in subject teaching (mathematics) from the School of Mathematics and Statistics, Shandong Normal University as the survey subjects. They all hold mathematics teacher qualification certificates and have the intention to work in junior high schools.
4.2 Investigative tools
Based on the analysis of previous research results and the content of mathematical innovation awareness and literacy in the "Standards", the following three questions are designed and investigated using a semi-structured interview method. “How do you understand the innovation consciousness proposed in the Mathematics Curriculum Standards for Compulsory Education (2022 Edition)? What are the requirements and regulations for innovation consciousness literacy in the Mathematics Curriculum Standards for Compulsory Education (2022 Edition)? What is the value of cultivating students’ mathematics innovation awareness and literacy?” The reason for choosing these three questions is to understand the true cognitive situation of pre-service middle school teachers regarding their mathematical innovation awareness and literacy. The semi-structured interview method is adopted because it has strong flexibility and is not limited by language and writing, making it easy to directly and deeply understand the cognitive situation of pre-service middle school mathematics teachers on innovation awareness and literacy.
4.3 Data collection
To ensure the reliability of the study, a semi-structured interview method was used to conduct individual interviews with 20 education masters, and all interview content was recorded after obtaining their consent.
4.4 Data processing
Firstly, the content related to innovation awareness and literacy in the Mathematics Curriculum Standards for Compulsory Education (2022 Edition) is divided and coded into three aspects: A, B and C. The four points in the requirements are represented by B1, B2, B3 and B4 respectively. The specific content is shown in Table 1.
Table 1: Content Coding of Innovation Consciousness Literacy
	Index
	Label
	Content

	A
Meaning
	A1
	Proactively attempting to discover and propose meaningful mathematical problems from daily life, natural phenomena, or scientific contexts.

	B
Requirements
	B1
	Preliminarily learn to discover mathematical relationships and laws through specific examples, using induction and analogy.

	
	B2
	Propose mathematical propositions and conjectures.

	
	B3
	Verify mathematical propositions and conjectures.

	
	B4
	Be brave to explore some open and unconventional practical and mathematical problems.

	C
Significance
	C1
	Innovation consciousness helps to form a scientific attitude and rational spirit of independent thinking and daring to question.



5.FINDINGS
5.1The situation of Cognitive breadth
This study divides the content of innovation awareness and literacy into six points, including one point of meaning, four points of requirements and one point of significance. After the analysis and organization of the data, it was found that the surveyed population was able to recognize these 6 points, accounting for 100% of the total points. Please refer to Table 2 for specific details.
Table 2: Statistical Table of cognitive breadth statistics
	
	A Meaning
	B Requirements
	C Significance

	Cognitive Points
	1
	4
	1

	Total Points
	1
	4
	1

	Percentage(%)
	100
	100
	100


From different perspectives, 80% of survey respondents can recognize the meaning of innovation awareness and literacy. For the requirements of mathematical innovation awareness and literacy, although the pr-service teacher group can recognize all four points, only 25% of the survey respondents can recognize point B1 (preliminarily learn to discover mathematical relationships and laws through specific examples, using induction and analogy.); 45% of survey respondents can recognize point B2 (proposing mathematical propositions and conjectures); 30% of survey respondents are able to recognize point B3 (verify mathematical propositions and conjectures); 65% of survey respondents can recognize point B4 (daring to explore some open-ended, unconventional practical and mathematical problems). For the value of mathematical innovation awareness and literacy, the Mathematics Curriculum Standards for Compulsory Education (2022 Edition) states that innovation awareness helps to form independent thinking, questioning scientific attitude, and rational spirit. Only 45% of survey respondents can recognize it. The specific situation is shown in Table 3.
Table 3: Statistical Table of the number of people recognized at each point
	Index
	Label
	Percentage(%)

	A
Meaning
	A1
	80

	B
Requirement
	B1
	25

	
	B2
	45

	
	B3
	30

	
	B4
	65

	C
Significance
	C1
	45


From this, it can be seen that although all six points of innovation awareness and literacy can be recognized by the surveyed population, their cognition is mostly focused on individual points. In terms of specific content, the points that pre-service teachers can recognize are concentrated on the meaning and the fourth requirement, while the number of people who can recognize other content is less than half of the total number. This indicates that pre-service teachers' understanding of innovative consciousness and literacy is still not comprehensive enough. From this, it can be seen that the current pre-service mathematics teachers have a narrow range of understanding of innovative consciousness and literacy.
5.2The situation of cognitive depth
For the six points related to innovation awareness and literacy in this study, most pre-service mathematics teachers can only recognize four or fewer of them, accounting for 85% of the total number of people. Only 5% can recognize all six points. The specific results are shown in Table 4.
Table 4: Statistical Table of Cognitive Points as a Percentage of Total Points
	Recognizing Points
	1
	2
	3
	4
	5
	6

	Percentage(%)
	5
	10
	55
	15
	10
	5


After strictly comparing the statements and coding content of the survey subjects, it was found that their level of understanding of innovation consciousness is different.
For the meaning of innovative consciousness and literacy, most pre-service mathematics teachers can only express the idea of using new methods to solve problems. Some pre-service teachers, although expressing the keyword to raise questions, ignore the diversity of situations and the research ability of problems, exaggerating the scope of the questions raised. Only 45% of the survey respondents can point out that students need to discover and raise meaningful mathematical problems in different types of situations and provide examples to accurately illustrate their views. For the four teaching requirements, the number of people who can deeply and accurately understand the fourth point is the highest, accounting for 45% of the total number of people. For the requirements of the first and second points, most teachers focus on that students need to integrate their mathematical knowledge and methods to achieve multiple solutions to a problem. However, for the first and second requirements, only a few pre-service teachers can propose or even some pre-service teachers completely ignore these two points. For the understanding of the fourth point, most pre-service mathematics teachers believe that students only need to have the desire to solve problems, and only 10% of survey respondents can point out that students need to be able to verify their mathematical propositions and conjectures. As for the significance and value of innovative consciousness and literacy, most pre-service mathematics teachers focus on mathematical problem-solving and the development of students' thinking and intelligence. Only 45% of survey respondents can elaborate on this basis from the perspectives of scientific attitude and rational spirit. Please refer to Table 5 for specific details. 
Table 5: Statistical Table of the Proportion of People Deeply Recognized at Each Point
	Index
	Label
	Percentage(%)

	A
Meaning
	A1
	45

	B
Requirement
	B1
	20

	
	B2
	25

	
	B3
	10

	
	B4
	45

	C
Significance
	C1
	45


From this, it can be seen that pre-service mathematics teachers have a relatively shallow understanding of innovative consciousness and literacy and most pre-service mathematics teachers cannot have a deep understanding of innovative consciousness and literacy.
5.3The situation of cognitive clarity
This study determines the clarity of cognition based on the completeness and accuracy of the respondents' statements and calculates the percentage of people with high and low cognitive clarity to the total population. Based on the above statistical results, it can be analyzed that the current pre-service mathematics teachers have a relatively clear understanding of the fourth requirement, with a clarity percentage of 20:80. The understanding of the third requirement is the least clear, with a clarity ratio of 90:10. Please refer to Table 5 for specific details.
Table 6: Statistical Table of Cognitive Clarity Results
	Index
	Label
	percent intelligibility(Low:High)

	A
Meaning
	A1
	25：75

	B
Requirement
	B1
	80：20

	
	B2
	75：25

	
	B3
	90：10

	
	B4
	20：80

	C
Significance
	C1
	55：45


From this, it can be seen that there are a few points that pre-service middle school mathematics teachers can clearly understand, such as meaning and the fourth requirement. As for other points, their understanding is vague. From this, it can be seen that the current pre-service mathematics teachers have a low level of clarity in their understanding of mathematical innovation awareness and literacy and their overall cognition is vague.

6.DISCUSSION
6.1 For the cognitive breadth
From the above analysis, it can be found that more than half of the content related to innovation consciousness can only be recognized by less than half of the people, which means that pre-service teachers' understanding of innovative consciousness and literacy is mostly focused on individual points. In terms of specific content, only the meaning and the fourth requirement can be recognized by more than half of pre-service teachers, while only a few pre-service teachers can recognize the significance and the other requirements of innovative consciousness literacy. In terms of specific content, pre-service junior high school mathematics teachers' understanding of the requirements for innovative consciousness and literacy in the curriculum is focused on the meaning and generality, while their cognitive scope is relatively narrow for other requirements related to mathematical knowledge, methods, etc. After researching the professional development of middle school mathematics teachers, Wang Cui (2021) proposed that the current subject core literacy and general literacy of mathematics teachers are weak, and their understanding of core literacy is limited to specific mathematical knowledge, which cannot be widely and comprehensively understood. This is consistent with the findings of this study. From this, it can be concluded that pre-service mathematics teachers have a limited understanding of innovation awareness and literacy. Hypothesis 1 has been validated.
6.2 For the cognitive depth
From the above analysis, it can be seen that pre-service mathematics teachers only have a deep understanding of a few contents, such as the meaning of innovative consciousness and literacy, the fourth requirement and the significance and value of innovative consciousness and literacy. Their understanding of other detailed contents is not deep. Overall, pre-service mathematics teachers have a shallow understanding of mathematical innovation awareness and literacy. Most pre-service mathematics teachers only know they need to cultivate students' innovation awareness, but they do not have a deep understanding of what level students should reach and how to cultivate it in teaching. Liu Hongchang (2024) pointed out that middle school teachers do not truly understand teaching from the perspective of subject-core literacy. Therefore, we can see that the overall understanding of innovation awareness and literacy among pre-service mathematics teachers is not deep. Hypothesis 2 has been verified.
6.3 For the cognitive clarity
From the above analysis, it can be seen that there are a few points where pre-service mathematics teachers have a clear understanding of innovation consciousness and literacy, mainly focusing on the meaning and the fourth requirement. For other content, most teachers have a vague understanding, especially of the third requirement. Most pre-service teachers only focus on discovering and proposing mathematical problems, and are vague about whether to verify mathematical propositions and conjectures. From this, it can be seen that pre-service mathematics teachers have a vague understanding of innovation consciousness and literacy. Sun Yanzhou (2012), through investigation, found that most current mathematics teachers cannot accurately and clearly understand innovative consciousness, which leads to difficulties in cultivating innovative consciousness. This is consistent with the results obtained in this study. From this, it can be concluded that the cognitive clarity of innovation consciousness among current pre-service middle school mathematics teachers is low. Hypothesis 3 is validated.

7.CONCIUSION
The current level of students' mathematical innovation consciousness and literacy is not high. Is it because teachers' understanding of mathematical innovation consciousness and literacy is not high? For this purpose, this study selected 20 Masters in Education as the survey subjects and conducted a semi-structured interview to investigate the cognitive status of pre-service middle school mathematics teachers on innovation awareness and literacy. According to data analysis, it can be concluded that: 1. Current pre-service mathematics teachers have a limited knowledge of innovation awareness and literacy; 2. Pre-service teachers' understanding of innovation consciousness and literacy is not deep; 3. The knowledge of innovation consciousness and literacy is unclear.
Based on this, the following suggestions are proposed: strengthen the specialized training on innovative consciousness and literacy for pre-service mathematics teachers; At the same time, pre-service teachers should actively learn and research the "Standards" to achieve: (1) a comprehensive understanding of the relevant content of innovative consciousness and literacy; (2) Deeply study the relevant content of innovative consciousness and literacy; (3) Accurately and clearly express the relevant content of innovative consciousness and literacy, and combine it with practical teaching to try targeted training strategies.

The research subjects of this study are Masters in Education from the same year in a university, which is a small and narrow sample size and did not involve other groups of pre-service teachers. Therefore, this study needs to further expand the sample range and conduct a more in-depth study on the awareness of innovation consciousness and literacy among pre-service teachers. Multiple research methods will be used to obtain more comprehensive and detailed results.
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