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ABSTRACT

The abstract of mathematical knowledge is obvious to all. Improving students'
mathematical abstract literacy is a very important teaching task for high school
mathematics teachers, which is the basis for improving students' academic
performance and the key to promoting students' comprehensive literacy. Based
on this, through the reflection of high school mathematics teaching time, this
paper puts forward the strategy of high school students' mathematics core
literacy training for reference.
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THE QUESTION RAISED

The Mathematics Curriculum Standard for Senior High School (2017 edition)
(hereinafter referred to as the curriculum standard) defines mathematical
abstraction as one of the core qualities of mathematics. Teachers agree on the
importance of mathematics abstraction, but there are two problems in the actual
teaching: the traditional teaching method is simple, only focus on the result,
lack of experience to get a complete concept of teaching abstract process; The
understanding of mathematical abstraction is not in place, and we do not know
how to train students' mathematical abstraction. So, how to understand
mathematical abstraction? In the course of teaching, from what aspects can we
concretely implement the cultivation of mathematical abstraction?

MATHEMATICAL ABSTRACT LITERACY

What is the connotation of mathematical abstract literacy?

The modern Chinese dictionary explains abstraction as follows: (1) Abandoning
individual and non-essential attributes and extracting common and essential
attributes from many things is called abstraction, which is a necessary means
to form concepts; (2) can not be specific experience, general, empty. The
meaning of the former layer can be understood as: extracting the common
essential characteristics from concrete things, and the meaning of the latter
layer is the extraction and generalization at a higher level, with imagination
components, which can be symbolic expression. The modern Chinese
dictionary defines accomplishment as: daily accomplishment. Based on this,
abstract literacy can be understood as: the ability level of refining and
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summarizing concrete things formed in daily learning and practice, eliminating
the rough and the essence, eliminating the false and preserving the true,
eliminating differences and seeking common ground, and seeking the basic
appearance. Then what is mathematical abstract literacy? It is the cultivation
level of mathematical research objects abstracted from quantitative relations,
spatial forms and concrete things in daily learning and practice, mainly the
level of abstract generalization ability. The curriculum standard gives a more
precise description of mathematical abstract literacy: "Mathematical
abstraction refers to the attainment of mathematical research objects through
the abstraction of quantitative relations and spatial forms." It mainly includes:
abstracting mathematical concepts and the relations between concepts from the
relationship between quantity and quantity and the relationship between figures
and figures, abstracting general laws and structures from the specific
background of things, and using mathematical language to represent them."
According to such requirements, the educational goal of cultivating core
mathematical literacy in senior high school mathematics teaching can be
gradually realized in the teaching process of mathematical concepts, geometric
algebra, and innovative problems [1].

The basic characteristics of mathematical abstract literacy

Symbolic Characteristics

Mathematics abstractly studies the quantitative relations and spatial forms of
things or phenomena, and the result is to use mathematical symbols as the
carrier of mathematical thinking activities to exchange and spread
mathematical ideas, so that the expression of things or phenomena becomes
unified, concise and orderly. For example, the study of the law of change of an
object with the change of another object is abstracting as the monotonicity of a
function, and the concrete symbolic language is described as "Let the domain

of the function f(x) be I, the interval DUI: if [ Vx,x, € D,when x, <x, there

is f(x,) < f(x,)Or(f(x,)> f(x,))." Then the function f(x) is said to increase

monotonically (decrease) in the interval D ". In mathematics teaching, the
symbolic characteristics of mathematical abstraction can cultivate students'
ability of abstract thinking. In the specific learning environment, students
gradually feel and understand the symbolic characteristics of abstraction, feel
the ability of mathematical abstraction to overcome complex and highly
generalized, and can reasonably use mathematical symbols in the process of
problem solving, and carry out mathematical reasoning logically.

Modeling Features

The object of mathematical research is things in the real world, which is
changeable and diverse. Only by modeling the object of study through
mathematical abstraction, can we study the problem through general modeling.
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Such as the cyclical phenomenon of sunrise and sunset in nature, we can
idealize this phenomenon as a cyclic change, and then model it into the circular
motion model of the points on the circle of the unit circle to study the problem.
This is to simplify the research object through idealization, abstract the general
model from the direct model of things, and establish mathematical abstract
relations on the basis of the research of the general model. In teaching,
mathematical abstract modeling features can improve students' thinking level
and promote the development of students' wisdom.

Quantitative characteristic

Mathematical abstraction is a research method to reveal the nature and law of
objective things from the quantitative relationship, and it is constantly
developing layer by layer abstract. For example, the abstraction of the concept
of function has wundergone the process of quantification from the
correspondence between things in the objective world to the correspondence
between quantities, and then from the correspondence between variables in
junior high school to the correspondence between real numbers on the non-
empty number set in senior high school. Quantification of concrete things into
variables is the result of quantification. The abstraction of variables to real
numbers and the transition from variable theory to real number correspondence
theory are the result of hierarchical abstraction of function concept. The
quantitative characteristics of mathematical abstraction in mathematics
teaching can promote the generation of students' higher order thinking and the
development of innovative thinking.

THE ROLE OF MATHEMATICAL ABSTRACTION

As the core of mathematical ability, mathematical abstraction occupies the most
important position in mathematical core literacy. It can even be said that
mathematical abstraction is the foundation of mathematical core literacy. On
the one hand, the learning process of mathematics requires learners to have a
certain ability of abstract generalization. Because mathematics is abstract and
generalized, learners can realize a qualitative leap in the cognition of
mathematical objects only if they have a certain degree of abstract
generalization ability. On the other hand, the application process of
mathematics also has certain requirements for learners' mathematical abstract
cultivation. In the application activities of mathematics, learners are required
to mathematize and abstract the situations they encounter, connect them with
the mathematics knowledge they have learned, and finally use the mathematics
knowledge to solve the problem and return the problem to the actual situation.
This series of activities are built on the basis of mathematical abstraction, so
teachers should pay special attention to the cultivation of mathematical abstract
ability in teaching activities.So that students can grasp the essence quickly in
the learning process of mathematics, improve the learning efficiency.
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INFLUENCING FACTORS

Teacher level

According to the survey results, most teachers are aware of the purpose of the
curriculum reform, especially the importance of cultivating the core
mathematics literacy. However, some teachers do not have a thorough grasp of
the essence of the core mathematics literacy, and some teachers rarely refer to
the curriculum standards in the process of education and teaching, which leads
to a lack of in-depth understanding of the core mathematics literacy. Relatively
speaking, the recognition is slightly low. The traditional teaching ideas and
models have lasted for a long time, so some teachers have not broken through
the traditional ideas in time, lack of innovative thinking, and have not accepted
the new ideas of training methods. Considering the actual situation, the current
training mode is mainly in school, which must rely on mathematics classroom.
As the '"general director" of mathematics classroom, if the teacher's
understanding of mathematics core literacy does not reach a certain depth, it
will become a stumbling block on the road of reform.

Student-level

Education is a kind of social activity to train people, and the object of training
is students. How to cultivate the core literacy of mathematics should also
depend on the students' final mastery. Think deeply about the problem with
mathematical thinking, and look at the problem rigorously with mathematical
perspective; Using mathematical methods to solve practical problems in
People's Daily lives is the ultimate goal of cultivating students' ability in this
aspect. According to the survey, it can be found that some students are not
interested in math learning, think that math is difficult, learning math is the
result of the pressure of college, and some students do not have the
perseverance and patience to learn math well. In fact, in mathematics learning,
it is the subjective factors of students that play an important role, while the
objective factors do not have the same effect, but exist in a collaborative way.
At present, teachers should attach importance to students' previous learning
level, so as to use appropriate teaching methods and teaching means to mobilize
students' enthusiasm and initiative in learning. Based on the investigation and
analysis, it can be seen that there is no difference between male and female
students in senior high school in mastering the current content, and there is a
significant difference between students with excellent learning and students
with poor learning.

TRANING STRATEGIES FOR HIGH SCHOOL STUDENTS'
MATHEMATICAL ABSTRACT LITERACY

Pay attention to concept teaching

Mathematical concept is the foundation of mathematical knowledge and the
basic form of mathematical thinking. However, in teaching, teachers often
neglect to tell the concept, but use a lot of exercises to make students deepen

Progressive Academic Publishing www.idpublications.org]



Furopean Journal of Mathematics and Computer Science| Vol. 10 No. 1, 2023
ISSN 2059-9951

their understanding of the concept. According to such teaching strategies,
students' understanding of concepts is often preliminary and one-sided, which
is not conducive to the cultivation of students' ability of abstract generalization.
The process of students' independent discovery is one of the most important
ways to cultivate students' ability of abstract thinking. Therefore, after students
have a preliminary understanding of concepts through students' independent
discovery, teachers will guide students to think about concepts in various
teaching forms and form a relatively complete knowledge structure
independently. Of course, necessary exercises can also deepen students'
understanding of concepts. It is more practical and effective to cultivate
students' ability of abstract generalization in the real student-centered learning
process. Teachers should encourage students to learn independently, and after
a preliminary understanding of the concept,Then, through the form of teacher's
questions and group discussion, students are guided to make certain
speculations on the key points in the concept.The teacher can encourage
students to repeat the concept in their own understanding and language, and
then the teacher can consolidate the learning results through certain exercises
and group presentations. It is often more scientific and effective to cultivate
students' ability of abstract generalization from such a learning process similar
to flipped classroom. For example, when learning the definition of ellipses,
students can prepare several strings, and find two students in each group to
demonstrate on the blackboard. One student in each group held down both ends
of the string with two fingers, and another student used chalk to tighten the
string and move the chalk, but some of the drawings made were irregular. At
this time, students could explore: Why did the drawings drawn in this way not
meet the standards in the book? Through discussion, students can fully
understand the two fixed points and fixed length in the definition of ellipse. On
this basis, continue to explore the drawn ellipses, why some are flat and some
are round? How does the distance between the two points relate to the length
of the rope? Through students' hands-on operation, raising and solving
problems in specific situations, students can fully understand the concept and
stimulate their enthusiasm and interest in learning.

Pay attention to the internal connection of knowledge

Since the new curriculum reform, although each module of mathematics is
relatively independent, but there is a certain connection between each other. On
the one hand, in the process of mathematics teaching, teachers should be good
at grasping the connection between knowledge points of a chapter and different
chapters and modules, so that students can perceive the essential characteristics
between them, and improve mathematical abstract ability by finding the
connection between knowledge. On the other hand, teachers should also
cultivate students' ability to summarize independently, and exercise their
mathematical abstract ability in the process of summarizing rules. First of all,
after the completion of each lesson or chapter, teachers can guide students to
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summarize and summarize what they have learned. We can draw a mind map to
find out the development and connection of the knowledge in this chapter, or
we can summarize the knowledge in this chapter by summarizing the
knowledge points and thinking methods. This kind of generalization is not only
the review and consolidation of the learned knowledge, but also can urge
students to refine the learned knowledge, in order to exercise students' abstract
generalization ability. Secondly, when teaching concepts, teachers can also
guide students to make analogical reasoning in connection with the relevant
content learned before, which exercises students' mathematical abstract ability.
For example, it is possible to make an analogy between the properties of plane
geometry and that of solid geometry, an analogy between arithmetic series and
arithmetic series, and an analogy between classification and step in the
counting principle. This way of learning can not only improve students' interest
in learning. Improve the quality of students' mathematics learning, and also
provide students with ways to exercise the ability of mathematical abstraction
and generalization. Finally, teachers can guide students to dig and summarize
the rules through some examples, so as to reach a conclusion. For example,
when learning the induction formula of trigonometric functions, teachers can
first demonstrate the relationship between the trigonometric function value of
the Angle with the final edge falling in the first quadrant and the trigonometric
function value corresponding to the Angle with the final edge symmetric about
the longitudinal axis to get "Formula 2", then ask students to find out several
other symmetric relations and get several other formulas, and finally put the
formulas together to guide students to make comparison. Inspire students to
conclude from "odd change even unchanged, symbol to see the quadrant”
conclusion.

Construction of practical situation

Practical situation is to create a learning situation for students to operate in
class.To enable students to connect theory with practice and apply it to practice
while learning indirect experience.Timely practice in the teaching process can
not only effectively solve the contradiction between the abstract of
mathematical knowledge and the figurative thinking of students, but also have
a positive significance in stimulating students' interest in learning, improving
students' hands-on ability and improving students' mathematical thinking.
Teachers should make use of students' "fun, active and curious" psychology,
guide students to seriously practice, transform abstract mathematical
knowledge into a vivid living situation, so as to abstract mathematical concepts
and conclusions, and penetrate mathematical abstract literacy into students'
minds. For example, in the teaching of the concept of ellipses, the teacher first
asks the question: in junior high school, we already know that the trajectory of
a point whose distance to a fixed point is a constant value is a circle, then what
is the trajectory of a point whose distance sum to two fixed points is a constant
value? Then send a prepared piece of rope to each table, let a student at the
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same table fix the two ends of the rope at two points on the paper, another
student straighten the rope with the pen tip, make the pen tip slowly turn on the
paper, and observe what kind of figure can be drawn in the end. We found that
some of you can draw ovals very quickly, and some of you can't. At this time,
the teacher can guide them appropriately and let them think, discuss and
analyze the reasons why they can't draw ovals. Finally, the students agreed that
an ellipse can only be drawn if the length of the string is greater than the
distance between the two points. Next, ask students to summarize the
characteristics of the points on the ellipse. How is it formed? What quantities
are constant during this formation? On the basis of practical operations,
students can easily abstract the definition of an ellipse: that is, the trajectory of
a point whose distance sum from the plane to two fixed points F1 and F2 is
equal to a constant (greater than [ F1, F2I) is called an ellipse. Students' ability
to abstract the essence of mathematics in hands-on practice is enhanced [7].

Master the method of mathematical abstraction

Concept formation is a basic mathematical abstraction method under the
guidance of teachers. Derivative, as a basic concept, is taught in the form of
concept formation. Much knowledge in the field of function, such as the
concept of function, the concept of monotonicity of function, etc., is abstracted
by the way of concept formation. It uses more practical context. Students
undergo multiple concept-forming learning activities, and teachers
intentionally guide students to compare and reflect on the learning process of
these knowledge. Students can gradually internalize this learning method and
learn a guided mathematical abstraction method. The continuation of the
original abstract idea of growing point knowledge is another basic method of
mathematical abstraction. Many contents of high school mathematics are the
further extension of existing mathematical concepts. The idea of mathematical
abstraction is to continue the original abstract idea of the growing point
knowledge, and to expand the new knowledge through the discussion of new
concrete examples. This kind of thinking, with initiative, is another basic
method of mathematical abstraction in high school. For example, how to
develop the concept of fractional exponents? Review existing knowledge to
activate ideas effectively. Reviewing the derivation method of zero exponential
power, it is found that it is obtained by extending the scope of the division
algorithm of the same base power (the division algorithm of the same base
power is obviously asymmetric with the multiplication algorithm, and the
division algorithm has the restriction that the dividend exponent is greater than
the divisor exponent. Lifting this restriction, by examining some individual
cases, one develops zero exponents and negative integer exponents). Apply this
idea, examine the power of power rule, explore some examples, naturally can
be derived fractional exponential power. Students have successfully applied the
same method many times, and in the process of application, in the process of
reflection and review afterwards, they gradually strengthen this idea, and
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gradually learn the mathematical abstract method contained in it.Another
example is the definition of an ellipse.Teachers can guide students to explore
the direction of generalization by using the definition of a circle - the trajectory
of a point whose distance to a fixed point is equal to its length - so as to develop
students' basic methods of mathematical abstraction. The definition of a circle
has two elements, one is a fixed point and the other is a fixed length.
Generalizing in the direction of a fixed point, a circle is a fixed point, so
naturally what is the trajectory of a point that is equal to the distance between
two fixed points? This naturally leads to the definition and drawing of ellipses.
It also laid the direction and method for the re-creation of the following
knowledge -- hyperbola and parabola. Intensive use of the same idea over a
period of time is conducive to the formation of mathematical abstract habits.
The key to continuing the knowledge growth point idea is to identify the correct
knowledge growth point. This requires teachers to have the awareness and
ability of holistic vision and thematic teaching [6].

Group discussion and communication

Group discussion is to divide the students in the class into several groups
(preferably the group of neighboring students), and hand over the problems that
are difficult to complete independently in class to the group for communication
and discussion, so as to form a relatively complete and unified conclusion.
Group discussion can not only promote the improvement of students' learning
ability and teamwork ability, but also gradually improve mathematical
abstraction and achieve the purpose of enhancing literacy. Therefore, teachers
should actively carry out group discussions to make classroom teaching more
vivid and effective.For example, in teaching the image of the function

y=Asin(wx+¢) (A > 0, w > 0) , the teacher can give the problem set:
Question 1: What is the relationship between y =sin(x+1) and the image of
y=sinx? Question 2: How does the graph y=sin3x relate toy=sinx?
Question 3: How does y =sin2x relate to the graph of y =sinx? Question 4:

How does y =sin(2x +1) relate to the graph of y =sin2x?

The teacher asked the students to discuss according to the original group, and
then each group reported on the stage, and the teacher gave appropriate
comments and encouragement. Then, the teacher uses the geometric drawing
board for dynamic demonstration to verify the conclusion, so as to abstract the
various transformation rules of the function. Group discussion enables students
to fully exchange different ideas and views, reduce individual thinking
limitations, form scientific thinking literacy, and gradually improve
mathematical abstraction.
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CONCLUDING REMARKS

Abstract is the most important thinking in learning mathematics, which makes
mathematics a system of "high generalization, accurate expression, general
conclusion, order and multilevel". Abstract thinking runs through the whole
process of mathematics learning and helps to acquire new concepts. Accurate
use of mathematical language, the formation of mathematical structure system.
In teaching, teachers should make full use of the carrier of concept teaching,
intentionally develop students' abstract thinking, and promote the improvement
of students' thinking quality.

Remark: *Corresponding author: Yanzhi He E-mail: yzhe@ybu.edu.cn.
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