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1. Advantages of using Geometer's Sketchpad to assist in mathematics teaching

Efficiency: In traditional math classrooms, teachers often draw diagrams on the blackboard, which consumes a sig-
nificant amount of teaching time. When dealing with moving point problems or abstract function problems in geom-
etry, Geometer's Sketchpad is a highly effective tool, helping teachers quickly and efficiently demonstrate the trajec-
tory of a moving point and the graph of the function to students. Furthermore, when exploring patterns in geometric
figures, the content presented on the blackboard is limited, while Geometer's Sketchpad can more intuitively demon-
strate the regularities in geometric relationships. This not only saves time spent drawing diagrams on the blackboard,
allowing teachers more time for explanation, but also facilitates students' understanding of the knowledge formation
process, integrating the idea of combining numbers and shapes into teaching.

Intuitiveness: In the Jiangsu Science and Technology Edition textbook, students have only learned the graph of
linear function before learning the graph of inverse proportional function. Although both are plotted by "plotting
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points", the inverse proportional function requires connecting each point with a "smooth curve" and paying attention
to the trend of the curve. This is relatively abstract for students and increases the difficulty of learning. The advantage
of Geometer's Sketchpad is that it can intuitively show the process of connecting points into a smooth curve and
accurately depict the trend of the hyperbola. Using Geometer's Sketchpad to "visualize" abstract mathematical con-
cepts makes abstract knowledge more intuitive and easier to understand, lowers the starting point of thinking, and
allows students to better understand the teaching content (Shi, 2024).

Flexibility: The outstanding advantage of Geometer's Sketchpad lies in its "dynamic" and "operability". It can keep
the geometric relationship unchanged during the movement or transformation of the figure or image, and can dynam-
ically demonstrate the law of geometric transformation (Zhao, 2022). Due to the limitations of students' thinking in
junior high school, they often feel troubled when facing dynamic problems. Geometer's Sketchpad can help students
verify their conjectures and conclusions after thinking, find the invariants in the problem, and transform complex
dynamic problems into static problems. This feature helps students understand the essence of the problem, enhance
their ability to explore independently, and thus improve their problem -solving ability.

Interest: When faced with abstract geometric problems, students often lack spatial imagination. Traditional teach-
ing methods are too abstract, which affects students' learning enthusiasm and classroom activity. The process of
students finding solutions on their own through the operation of Geometer's Sketchpad can improve students' learning
interest and cultivate their mathematical thinking, which is more helpful in improving their problem-solving ability
than ordinary classrooms (Liu, 2023). With the help of Geometer's Sketchpad, students can observe intuitive and
dynamic geometric figures and images through its dynamic demonstration function. Teachers can also guide students
to operate Geometer's Sketchpad to make them more involved in the classroom, which can not only exercise their
hands-on skills but also improve their learning enthusiasm (Zheng, 2023).

2. Graphs and Properties of Inverse Proportional Functions "
2.1 Content Analysis

Inverse proportional functions are a topic in the eighth-grade lower semester textbook of the Jiangsu Science and
Technology Edition. Prior to this, students have only studied linear functions. Following the steps for studying linear
functions, we first introduce the concept of inverse proportional functions, and then study their graphs and properties.
Through the graph, students can intuitively understand the properties of the function; combined with the analytical
expression, they can further explore the properties of the function in depth. This method of combining graphs and
analytical expressions embodies the idea of combining numbers and shapes.

The approach to exploring the properties of inverse proportional functions is analogous to the method used to study
linear functions, focusing on two cases: #>0and k<0, Spemﬁcally, a special inverse proportional function is se-
lected, its graph is plotted using the "point-plotting method and through analysis of the graph, the properties of the
inverse proportional function are derived and applied.

2.2 Teaching Objectives

(1) The graph of the inverse proportional function based on the analytical expression, and summarize the graph char-
acteristics and properties of the inverse proportional function.

(2) In the process of drawing the graph of the inverse proportional function and exploring its properties, students will
experience the mathematical ideas of “classification and discussion”, “combination of number and shape” and “anal-

ogy”.

2.3 Teaching Focus and Difficulties

(1) Teaching focus: Draw the graph of the inverse proportional function and explore the properties of the inverse
proportional function based on the graph.

(2) Teaching difficulties: Understanding the smooth hyperbola characteristics of the graph of the inverse proportional
function and its local properties.

2.4 Instructional Process Design

2.4.1 Import
Review question: Last lesson we learned about inverse proportional functions. So what is an inverse proportional
function?
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Answer: A function of the form where f * — ~ <% is a constant and f * # 9 is a function of the form f.

Review question: Do you all remember how we studied the graph of a linear function?

Answer: Draw the graph using the point-plotting method, and then observe the characteristics of the graph.

Review question: What are the steps of the point-plotting method?

Answer: List, plot points, connect.

Design Intent: This lesson aims to guide students to recall the analytical form, independent variable, function value,
and krange of values for inverse proportional functions through review. It then introduces the learning content of
this lesson by connecting this to the general methods for studying linear functions. Furthermore, the review of the

learning process regarding ¥ = 5 the graph and properties of linear functions, particularly the classification and
discussion of different signs of the function, recalls kthe steps and precautions for drawing the graph of a linear
function using the "point-plotting method," and the observation of the graph's characteristics. Finally, it summarizes
the properties of the function, allowing students to explore the graph and properties of inverse proportional functions
by analogy, thus laying the foundation for learning about the graph and properties of inverse proportional functions.

2.4.2 Newly taught
2

S
[Exploration 1] Students use the point-plotting method to draw the graph of the inverse proportional function * — ~ .
create graphs by listing points, plotting points, and connecting them with lines. After students finish their graphs,
[$]

the teacher displays graphs drawn using Geometer 's Sketchpad ~ ~ ~ , asking students to compare their own graphs
with those drawn using Geometer 's Sketchpad and identify differences. The teacher also displays several students'
work on the blackboard and summarizes typical errors.

Specific steps:

(1) Observe the process of students

2

=< drawing the graph of the inverse proportional function, and display the

graph drawn using Geometer's Sketchpad on the blackboard. At -~ — < the same time, select the works of four stu-
dents to display.
(2) the problems in the images displayed on the blackboard.

(3) The teacher summarizes the points to note when drawing the graph, and then draws " — = the graph of the
inverse proportional function using Geometer's Sketchpad.

Design Intent: Graphs are an important tool for intuitively describing functions. By demonstrating the basic steps
of drawing an inverse proportional function graph using the "point-plotting method," students can identify and avoid
common errors in graphing. Connecting the "points" is a challenging aspect of teaching inverse proportional function
graphs. Using Geometer's Sketchpad, students can be dynamically and intuitively shown that the graph of an inverse
proportional function is a "smooth curve," giving them a preliminary understanding of the properties of inverse pro-
portional functions. In teaching mathematical concepts, the positive aspects should be presented before the negative
ones to prevent students from developing preconceived notions that could lead to cognitive confusion. Therefore,
before showing student work, the teacher should first display the correct graph drawn using Geometer's Sketchpad.

Question 1: Observe ~ — = the graphs of inverse proportional functions and ~ — “~ their common characteris-
tics.

Teacher-student activities: Students observe, think, and discuss in groups to summarize common characteristics.
Student representatives share their views, and students exchange and supplement each other's findings. The teacher
guides and evaluates, helping students reach a unified understanding and giving the name "hyperbola".

Design Intent: By observing the graph, students can intuitively perceive the "shape" characteristics of the inverse
proportional function graph. By analogy with their previous learning of quadratic function graphs and properties,
students can easily grasp the shape, position, and trend of change of the inverse proportional function graph. Because
inverse proportional functions have a wealth of properties, group discussions can provide students with a broader
space for thinking, cultivate their collaborative communication skills, and stimulate their initiative in exploring prob-
lems.

Question 2: Can you explain these properties from the relationships between the values in the list, or from the
function's analytical expression?

Teacher-student activities: Students first think independently, then collaborate and exchange ideas in groups. Stu-
dents answer questions, and the teacher guides and evaluates their responses.

Design Intent: While graphs can help us grasp the overall properties of a function, a deeper understanding of its
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local properties requires the aid of analytical expressions. By studying the properties of functions from a holistic to a
local perspective, students observe function graphs and summarize the functions' properties. They then explain these
properties using numerical relationships in a table and the characteristics of analytical expressions, thereby gaining a
profound understanding of the properties of functions and demonstrating the idea of combining numerical and graph-
ical representations.

Does the same property apply to general inverse proportional functions? > —
Teacher-student activity: Students make conjectures, and the teacher demonstrates using Geometer's Sketchpad.

L =o0>
~

k > O Given different K values fora given condition, students observe the characteristics of the inverse proportional
function's graph and discover the "invariance within change."

Design Intent: By observing from specific examples to general principles, students discover general patterns
through demonstrations on Geometer's Sketchpad, thereby deriving 4 > O the properties of inverse proportional
functions. This not only reinforces the experience and methods students gain during their exploration but also leads
to further investigation into % < O the graph and properties of inverse proportional functions.

— L =m»
X

[Exploration 2] The process of exploration by analogy leads to the inductive summarization

k<0 of the properties of inverse proportional functions.
6

* 7 7 X the graph of the inverse proportional function.

— k=0
X

Follow-up question 2: Draw

. . ] . . . .
Question 3: Please use analogies > to summarize % < O the properties of inverse proportional func-

tions.

Teacher-student activities: Students draw graphs, and the teacher observes the process, displaying " — ~ < the
graphs drawn using Geometer's Sketchpad. Students then discuss in groups, with student representatives stating their

E(k<

. .. . = (0] . . .
conjectures about the characteristics and properties of M the graph of an inverse proportional function.

The teacher then demonstrates using Geometer's Sketchpad, assigning k different negative values to verify the stu-
dents' conjectures and guiding them to discover "invariance within change."

the graph of an inverse proportional function again using Geometer's Sketchpad, students can consolidate their
graphing experience. Simultaneously, in summarizing and describing the characteristics of an inverse proportional
function graph, students' abilities to observe, perceive, analyze, and generalize graphs are developed. They also ex-
perience again the process of drawing function graphs and using them to study function properties.

o

Question 4: What common characteristics do " — < the graphs of inverse proportional functionsy and >~ x
y have? What are their differences? What determines these differences?
Teacher-student activity: Display the graphs of the two functions using Geometer's Sketchpad. The teacher inspires

students to compare and think, and guides them to pay attention to K the role of the inverse proportional coefficient.

Design intention: By observing and comparing the characteristics of the graphs of two inverse proportional func-
tions, students can summarize the similarities and differences between # the graphs and properties of inverse pro-
portional functions, helping them understand the influence of the inverse proportional coefficient on the function
graph, and laying the foundation for summarizing the graphs and properties of inverse proportional functions.
v =—(Ck = 0)

3. Organize and summarize

function Image properties Image position Trend of change

k k>0

y=; k<0

Teacher-student activity: Complete the table.

4. Class Summary

The teacher and students review the main content of this lesson together. Students answer the following questions,
and finally the teacher summarizes the learning methods and mathematical ideas of each stage:
(1) From which aspects did we study the inverse proportional function in this lesson?
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(2) What knowledge did you learn in these steps?

(3) What mathematical ideas and methods did you learn from this?

Design intention: The teacher guides students to review the learning process of this lesson, sort out the knowledge
structure, summarize the knowledge points and thinking methods, so that students can have a more complete and
comprehensive understanding of the graph and properties of inverse proportional functions.

5. Summary and Reflection

With the advantages of Geometer's Sketchpad, mathematics teaching has been greatly enriched in terms of both
content and form compared to pure classroom lectures. However, Geometer's Sketchpad is only an auxiliary tool.
During its use, we should also pay attention to the degree of use and avoid overuse to prevent deviation from the
teaching objectives. For the knowledge points of combining numbers and shapes selected later, we should try to
choose the best presentation methods to assist teaching (Xue, 2023). In order to effectively improve teaching effi-
ciency, teachers need to make full use of it and naturally integrate it into the classroom to help students understand
and construct the knowledge system. At the same time, teachers should continuously learn and explore new infor-
mation technologies and master new methods to deeply and effectively integrate information technology with math-
ematics teaching.
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