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The so-called "geometric intuition" is a subordinate concept of intuitive imagination in the core accomplishment of
mathematics. The graph is one of the methods to describe and analyze the problem, from the graph level to complex,
abstract algebra and other series of problems into intuitive image problems, and then comb out more simple ideas to solve
the problem. It is one means to simplify complex problems through the direct perception and overall grasp of spatial
concepts and quantitative relations (Kong Fanzhe & Shi Ningzhong, 2012). In mathematics teaching, geometric intuitions
help students learn and master abstract geometric theorems and concepts, and form abstract thinking. By training students'
geometric and intuitive ability, students can visualize some abstract mathematical problems to develop their logical think-
ing exploration and innovation consciousness, and more conducive to implementing their core qualities such as mathe-
matical abstraction, logical reasoning, and data operation. Therefore, "geometric intuition" is an essential aspect of today's
mathematics teaching and the inevitable requirement of modern education.

It is clearly stated in the Mathematics Curriculum Standards for Ordinary High Schools (2017 Edition, 2020 revision)
(Ministry of Education of the People's Republic of China, 2020) that the cultivation of geometric intuitive ability has an
important influence on the formation and development of students' abstract thinking ability. It also clarifies the importance
of cultivating students' geometric intuitive ability to mathematics learning from the level of program documents. However,
in view of the heavy teaching pressure in high school, teachers often neglect the cultivation of students' geometric intuitive
ability in normal teaching, and students' thinking abilities such as mathematical abstraction and intuitive imagination
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cannot be well developed. This also makes teachers sometimes repeat teaching, which is actually more than worth the
loss. Therefore, attaching importance to the cultivation of geometric intuitive ability of high school students not only
helps students form intuitive logical thinking and good spatial imagination ability but also contributes to the effective
promotion of teaching progress.

1. Course orientation

Ellipse is located in Section 1 of Conic Curves and Equations, Chapter 3, Optional Compulsory Book 1, 2019 edition.
The teaching requirements (Ministry of Education of the People's Republic of China, 2020) for this chapter are:

(1) Understand the actual background of conic curves and feel the application of conic curves in depicting the real
world and solving practical problems.

(2) Experience the process of abstracted ellipse from specific situations, master the definition of ellipse, standard equa-
tions, and simple geometric properties.

(3) Understand the definition of parabola and hyperbola, geometric figures, and standard equations, as well as their
simple geometric properties.

(4) Further understand the idea of combining number and form by studying conic curves and equations.

(5) Understand the simple application of ellipse and parabola.

It is also proposed to help students understand and master the simple properties of conic curves by algebraic method,
and visually show its transformation and application by means of information technology and mathematical software (The
Ministry of Education, 2020).

In addition, conic curves have a unique position in high school mathematics learning regarding knowledge importance.
It is not only an extension of the circle theory but also an indispensable part of analytic geometry. Upward, it is an
important research object of calculus content; downward, it is a three-dimensional expansion of plane analytic geometry,
and a comprehensive examination of students' spatial imagination ability, geometric intuitive ability, logical reasoning
ability, and data operation ability. Therefore, this part is very easy to order difficult problems, in the college entrance
examination are usually put in the back, as a distinguishing question to examine.

Therefore, this part is not only important for students but also a test for teachers.

2. Cultivation strategy

2.1 Introduction before class: Stimulate the interest in learning and gradually improve the ability to
recognize pictures

The famous scientist Albert Einstein once said, "Interest is the best teacher". That is to say, once a person has a strong
interest in something, he will have a solid drive to explore and learn, and in the process, he will have a strong sense of
self-satisfaction and achievement. Moreover, as long as the interest persists, it creates a virtuous cycle that drives people
along the path. Therefore, Chinese and foreign educators attach great importance to cultivating students' interest in learn-
ing. However, at the high school level, slowly cultivating students' interest in mathematics is impossible. Hence, we need
to stimulate students' interest in learning through appropriate introduction before class. Especially in the face of students'
eyes, "difficult to chew the hard bone" - geometry problem, we should pay more attention to stimulate the interest. In
geometry, the most important thing is the ability to read pictures, so in teaching, we should stimulate students' interest
and gradually improve their ability to read pictures.

For example, in the first class of "Standard Equation of Ellipses", we can arouse students' interest through the folk fairy
story of Chang 'e flying to the moon, then introduce the orbit around the moon (Zhang Jianyue, 2021), and introduce the
teaching theme of this class—ellipse by showing the trajectory diagram of the orbit around the moon. In this way, not
only will it not fall into the routine as most teachers introduce it through life examples, but it will also popularize the
relevant knowledge of aerospace to students and carry out discipline penetration, which is conducive to the development
of students in various aspects. The classroom atmosphere will not be as boring as the traditional concept class, which can
be said to achieve multiple benefits with one shot. For example, in the same lesson, we can show students the shadow
formed by a basketball plane when parallel light shines on it and ask them to judge its shape. Because students have more
contact with basketball and are familiar with it, it is easy to arouse students' interest. Introducing "ellipse" through bas-
ketball also makes a targeted investigation of students' ability to recognize pictures, which is convenient and efficient.

2.2 Teaching of new knowledge: Use physical objects to enhance students' spatial imagination ability

With the implementation of a new round of curriculum reform, more and more attention has been paid to cultivating
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students' visual ability, especially in the high school stage, students must have good visual ability. However, due to the
limitation of students' abstract level, teachers should properly use real things as observation objects to carry out some
intuitive teaching activities to help students improve their spatial imagination ability. This method of using real things as
observation objects to help students visualize is called physical intuition (Kong Fanzhe & Shi Ningzhong, 2012). Com-
pared with ordinary teaching methods, physical intuition itself is more helpful for students to have vivid and specific
cognition of things. It can display the essential characteristics and characteristics of things more intuitively so that students
can quickly transform indirect experience taught by teachers into direct experience, and the sense of experience and
participation brought by the visual impact is stronger. Especially in the teaching of abstract geometry problems, students'
spatial imagination ability is limited. In this case, physical intuition can be regarded as a suitable cure method, which
helps students to solve problems, but also helps students to improve their spatial imagination ability, and has a transfer
value for students to deal with the same type of problems in the future.

For example, the reading materials after the chapter can be advanced in the chapter beginning class so that students can
imagine Menaechmus' solution to "cubic multiple products" and then understand the formation principle of the conic
curve from the origin of the conic curve through hands-on operation. In this way, students can not only understand the
formation process of ellipse, hyperbola, and parabola through direct experience but also contribute to the further specific
learning of this chapter. In addition, students can find the obstacles according to their spatial imagination ability and solve
them accurately. For example, in the "Geometric Properties of Ellipses", we can change the position of the pushpin and
the length of the rope respectively in the "drawing method", using the control variable method, so that students can expe-
rience the different "flat" degrees of the ellipse drawn, and then experience the intuitionistic display of the eccentricity,
and transform the abstraction into a concrete image; In addition, this lesson can show the eccentricity of a ball balloon by
showing the process of flattening it under pressure. To establish the connection between the circular degree of the object
and the eccentricity of the ellipse, students will naturally have the desire to explore and directly feel the changes in the
shape of the ellipse under different eccentricities through the object intuition, which can also discover the factors affecting
the eccentricity of the ellipse, and further develop their spatial imagination ability.

2.3 Consolidate and expand: fully develop the thinking, infiltration number, and form combination
thought

First of all, the ultimate training goal of mathematics is to be able to observe the world with mathematical eyes; Can
think about the world mathematically; Can express the world in mathematical language (General High School Mathemat-
ics Curriculum Standard Revision Group, 2020). Therefore, in order to make students learn and use mathematical thinking
way to think and solve problems, constantly developing students' thinking is essential. Secondly, Kong Fanzhe and Shi
Ningzhong (2012) believed that geometric intuition refers to the ability to directly perceive and overall grasp the object
of mathematical study (spatial form and quantitative relation) with the help of the image relationship of geometric figures
seen (or imagined). The figure is the primary carrier of geometric intuition and one of the fundamental objects of mathe-
matical research. In addition, the 2017 Edition of the 2020 Revision of Mathematics Curriculum Standards for Ordinary
High School (Ministry of Education of the People's Republic of China, 2020) also clearly indicates that the teaching of
this chapter should always carry out the idea of using algebra to study geometric problems and focus on the induction,
penetration, and combination of numbers and shapes. Therefore, teachers should put forward practical questions, combine
the two closely, trigger students' thinking on the problem, promote students' thinking development with the combination
of number and form, and form an excellent geometric intuitive comprehensive ability. In addition, teachers should be able
to diverge students' thinking and cultivate their thinking logic by looking at problems from multiple perspectives by
changing a problem and solving a problem multiple times.

For example, in "Geometric Properties of Ellipses", the content of eccentricity can be consolidated and expanded
through the transformation from easy to difficult so that students can experience the convenience and clarity of solving
problems with the combination of number and form. Specific examples are as follows:

2 2
Example Fy,F, are the two focal points of the ellipse z—z + ]};—2 =1(a>b>0), M on the ellipse, MF; L F;F,,
£MFF, = 30°, find the eccentricity of the ellipse.

2 2
Variations 1 F;,F, are the two focal points of the ellipse :—2 + Z—Z =1(a>b>0), A and B are the upper and lower
vertex of the ellipse respectively, quadrilateral AF,BF, is a square, find the eccentricity of the ellipse.

2 2
Variations 2 F;, F,are the two focal points of the ellipse Z_Z + % =1(a>b > 0), M ison the ellipse, MF; L F{F,,
IMF,| = 1?6, IMF,| = %, find the eccentricity of the ellipse.

DOI: 10.26855/er.2023.09.008 1287 The Educational Review, USA



Yufan Wang, Baowen Zhang

In addition to the variety of one question, teachers can also directly connect to the college entrance examination, prac-
tice real questions, multiple solutions to one question, divergent students' thinking, and carry out the idea of combining
numbers and shapes in the whole consolidation process, so that students can form inertial thinking and learn to use the
combination of number and shape to solve geometric problems and even simple practical problems.

In general, since the new curriculum reform, mathematics teaching has emphasized the penetration of thought methods
and the cultivation of students' abilities rather than explaining theoretical knowledge. For the critical stage of high school,
it is more important to pay attention to the penetration of core literacy education concepts and help students improve their
geometric and intuitive ability. On the basis of a good grasp of the overall framework of teaching knowledge, teachers
should actively think about the construction of the cultivation system of students' geometric intuitive ability. With the
help of diversified teacher-student activities and educational activities in teaching, teachers should put the initiative in the
hands of students. According to specific conditions, teachers should infiltrate geometric intuitive perception in all aspects
of teaching to deepen students' mastery of logarithms and form. To promote the formation of good spatial imagination
and intuitive ability, and further improve the geometric intuitive ability of students, fundamentally improve the efficiency
of teachers and students' learning.

References
General High School mathematics Curriculum Standard revision Group. Interpretation of Mathematics Curriculum Standard for Ordi-
nary High School (2017 Edition, 2020 revision) [M]. Beijing: Higher Education Press, 2020.

Kong Fanzhe, Shi Ningzhong. On the Meaning and Expression form of geometric Intuition—A Little Understanding of Compulsory
Education Mathematics Curriculum Standard (2011 Edition) [J]. Curriculum * Teaching Materials * Teaching Methods, 2012,
(07):92-97.

Ministry of Education of the People's Republic of China. Mathematics Curriculum Standard for Senior High School (2017 Edition,
2020 revision) [S]. Beijing: People's Education Press, 2020.

The Ministry of Education. Mathematics Curriculum Standard for Compulsory Education (2011 Edition) [S]. Beijing: Beijing Normal
University Press, 2012.

Zhang Dianzhou. Introduction to Mathematics Education [M]. Beijing: Higher Education Press, 2008.

Zhang Jianyue, Ed. Research on Teaching Method of High School Mathematics Curriculum Based on Core Literacy [M]. Shanghai:
East China Normal University Press, 2021.

Zhang Jianyue. Establishing curriculum awareness and implementing Core Accomplishment [J]. Mathematics Bulletin, 2016, 55(05):1-
4+14.

Zhang Jianyue. Establishing Intuitionistic Law by Algebraic Operation with Geometric Figures—Content Analysis and Teaching
Thinking of "Space Vector and Solid Geometry" [J]. Chinese Journal of Mathematics, 60(06):1-6.

Zhang Jianyue. Establishing Intuitionistic Law through Algebraic Operation with Geometric Figure--Content Analysis and Teaching
Thinking of "Plane Vector and Its Application"[J]. Chinese Journal of Mathematics, 20, 59(12):4-13+29.

Zhou Deming, Wang Huamin. Building an Intuitive Model to Solve Problems Based on Geometric Intuitive Understanding—On the
Cultivation of Students' Intuitive Imagination Quality [J]. Middle School Mathematics, 2019(03):5-8.

DOI: 10.26855/er.2023.09.008 1288 The Educational Review, USA



