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Abstract

Physics experiment course in senior high school plays a very important role
in cultivating students’ scientific thinking and scientific inquiry ability. How-
ever, in teaching practice, due to large experimental error, poor demonstra-
tion effect and lack of experimental conditions, it cannot achieve the expected
teaching effect. This study integrates the simulation experiment software into
the physics experiment classroom in senior high school, in order to optimize
the experimental teaching quality and promote the development of students’
inquiry ability. In this study, 45 students from class 5 and 47 students from
class 6 of grade 1 in a high school in Beijing were selected as the experimental
class and the control class respectively. The demonstration experiment of
“synchronous satellite orbit transfer launch” and the exploration experiment
of “uniform linear motion” were carried out with the help of simulation ex-
perimental software. The results showed the teaching based on simulation
experimental software plays a positive role in teachers’ experimental teaching,
reducing experimental errors, improving self-efficacy and teaching perfor-
mance. On the other hand, limited by the simulation experiment environ-
ment, the simulation experiment could reduce the trial and error opportuni-
ties of excellent students, and affect the development of students’ innovation
ability to a certain extent.
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1. Introduction

1.1. Physics Experiment Teaching Plays an Important Role in
Physics Teaching

Physics experiment plays an important role in physics teaching, with the feature
of intuitive, vivid and visual, which can help students understand the laws of
physics and master knowledge better. The new physics curriculum standard also
points out that “the inclusion of scientific inquiry in the curriculum content
aims to enable students to experience the inquiry process similar to scientific re-
search workers, actively acquire physical knowledge, understand scientific in-
quiry methods, develop scientific inquiry ability, experience the fun of scientific
inquiry, and develop a realistic scientific attitude and innovative scientific spirit”
(Ministry of Education of the People’s Republic of China, 2012).

Hofstein and Mamlok-Naaman reported in their paper that experiment can
help develop students’ scientific processing skills, problem solving skills, and
draw their attention and develop positive attitudes towards scientific approaches
according to objectives of fundamental science education (Hofstein & Mam-
lok-Naaman, 2007). Garnett, Garnett and Hackling mentioned that experiment
helps students develop their conceptual understandings, application skills and
techniques (Garnett, Garnett, & Hackling, 1995). According to the Association
for Experiential Education (AEE), experiential learning is a philosophy and me-
thodology where educators engage directly in motivating learners and reflection

is focused on improving knowledge, developing skills (Holtzman, 2011).

1.2. There Are Still Many Problems in the Traditional Physics
Experiment Teaching

While, there are still many problems in traditional physics experiment teaching.
The several reasons for the ineffectiveness of experiment teaching such as the
lack of time and planning (Backus, 2005; Booth, 2001; Hackling, Goodrum, &
Rennie, 2001; Jones, Gott, & Jarman, 2000); large scale courses (Cheung, 2008a;
Prades & Espinar, 2010); teachers’ low level attitudes toward experiment, nega-
tive perception and beliefs (Brown, Abell, Demir, & Schmidt, 2006; Cheung,
2008b; Roehrig & Luft, 2004; Windschitl, 2003); lack of effective and sufficient
course materials (Kiviahdem, 2005; Lawson, 2000); challenges related to class-
room management (Deters, 2005; Jones, Gott, & Jarman, 2000); lack of explana-
tion of laboratory security precautions (Deters, 2005; Staer, Goodrum, & Hack-
ling, 1998). For the teaching practice, most of the experimental operation steps
are cumbersome and the parameter configuration is negligible, which causes a
fallacious experimental effect. Due to the lack of careful control of the experi-
mental steps and insufficient thinking, some experiments have great errors and
fail to meet the expected teaching goals, which makes many students have a
strong sense of frustration and fear of doing experiments, and affects their for-
mation of scientific thinking and scientific literacy. In addition, some experi-
ments are too macro or lack of necessary equipment, which will seriously affect

the quality of physics teaching.
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1.3. The Simulation Experiment Software Provides Assistance for
Physics Experiment Teaching

The emergence of a large number of physics-assisted teaching software provides
a rich teaching resource environment for teachers to carry out auxiliary teach-
ing. VR technology, as one of the three cutting-edge technologies in the field of
information technology, has developed well in the construction of virtual labor-
atories. In addition, there are many simulation experiment softwares with light-
weight features that can meet the needs of classroom experiment teaching and
students’ exploration experiments. Physics teaching software can be used as la-
boratory tools during computer assisted experimentation (CAEx) (Zakaria,
Phang, & Pusppanathan, 2019), teaching aids, communication and information
tools (Alev, 2003; Beaufils, 2005), a simulator to replace or supplement experi-
ments, as well as modeling and scientific calculation tools (Cox, 2012). For ex-
ample, “simulation physics laboratory” is a fully open software designed for
physics teaching, which provides several object models and specific physical en-
vironments. At the same time, a variable editor and a program function pro-
grammer are provided for the set physical quantities. As long as the physical
model or process can be conceived in the brain, it can be built with the software
(Wang & Wang, 2014). Through the experimental environment constructed by
computer modeling technology, simulation experiment software enables people
to decompose, delay or pause the experimental process, and provides convenient

conditions for students to deeply explore physical phenomena.

1.4. Research Questions

This research is based on the teaching practice of the research school and the
current information resource conditions, starting from the need to solve the
current problems of physics experiment teaching, using “simulation physics la-
boratory” to carry out physics experiment teaching, exploring the effective mode
of simulation experiment software assisting physics experiment teaching and
specific effects on core literacy training. Based on this, this research proposes the
following research questions:

1) In view of the problems in the traditional high school physics experiment
class, what role can the simulation experiment software play?

2) In physics experiment teaching, how to seamlessly integrate simulation ex-
periment software and give full play to its advantages?

3) How does the simulation experiment software integrated with the high
school physics experiment play a role in the development of students’ core lite-

racy?

2. Literature Review

2.1. The Development of Physics Experiment Course in
High School

From 1902, the Qing Government’s Minister of Management Zhang Baixi pre-
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sided over the formulation of the “King Ming School Regulations” to the prom-
ulgation of the 2017 version of the “General High School Physics Curriculum
Standards”, the development of physics curriculum in high schools in China has
been more than a century, and physics experiment is an important part of phys-
ics curriculum and physics teaching in high schools (Ministry of Education of
the People’s Republic of China, 2018).

2.1.1. The Important Position of High School Experiment Course in
Physics Teaching

High school physics experiment is divided into demonstration experiment and
inquiry experiment. Demonstration experiment is helpful for teachers to visually
guide students’ experiments, while inquiry experiment can better reflect stu-
dents’ dominant position than demonstration experiment. It is of great help to
cultivate students’ creativity, pioneering spirit and innovation consciousness,
and greatly improve students’ hands-on and brain skills (Tian & Liu, 2019).

The importance of experiment course in physics teaching is mainly shown in
the following four aspects: first, experiment is intuitive, vivid and visual, and it is
a purposeful operation behavior, so it can cultivate students’ practical operation
ability, and good experiment design can cultivate students’ interest and stimulate
their thirst for knowledge. Second, the experiment provides students with spe-
cific physical situations to master knowledge effectively, creates a good learning
environment, and enables students to obtain necessary and sufficient perceptual
knowledge. Third, the experiment itself is a method of scientific research, allow-
ing students to learn scientific research methods from it. Experiments are an ef-
fective way to train students in creative consciousness and scientific methods.
Fourth, when students observe and operate experiments, they need not only
keen observation ability and proficient operation ability, but also certain analysis
and generalization ability, imagination ability, logical thinking ability and so on.
Therefore, experiments can cultivate students’ abilities, practical and realistic at-
titude, rigorous and meticulous style and other good scientific quality. Fifth, the
development of experimental skills and the mastery of physical knowledge can
promote each other, and the mutual knowledge transfer between them is of great
significance to cultivate students’ innovation ability (Tao, 1996).

High school physics experiment stipulated in the new curriculum standard is
not only an important basis of physics teaching, but also an important content,
method and means of physics teaching. Researchers have made a good example
of integrating experiments into high school classrooms and attracting students
to participate in scientific research (Cheng, Gerhard, Gendronand, & Ziffle, 2019).
Hu believes that in addition to completing the required content of the experimental
course, physical experiment teaching also undertakes the objective of optimizing
the elements of scientific inquiry and paying attention to the cultivation of students’
scientific thinking and scientific inquiry ability (Hu & Zhang, 2020).

2.1.2. The Deficiency of Physics Experiment Teaching

The traditional classroom demonstration leads to the poor effect of the experi-
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ment. Classroom demonstration experiment has always been a common method
in physics classroom teaching. However, there are still quite a number of expe-
rimental effects are not obvious, such as: shear wave demonstration experiment,
when the teacher uses the rope for intuitive teaching demonstration in class, the
demonstration phenomenon is not stable, if the hand-held shear wave demon-
strator is used to demonstrate, the students only see the particle motion of the
simulated waveform, and it does not reflect the real wave process. This affects
the effect of demonstration experiment in some cases. For another example,
when demonstrating the isochronous experiment of horizontal throwing motion
and free falling body motion with horizontal throwing and vertical falling in-
strument, although the sound of two moving objects landing can be heard at the
same time, it is difficult to reflect the isochrony of their motion process, so it is
hard to analyze the law of the motion process of two objects.

Students passively participate in experiments and lack the learning spirit of
independent inquiry. High school physics experiment teaching has always
overemphasized the leading role of teachers, while ignoring students’ indepen-
dent inquiry learning. For example, when students carry out experiments, most
of them just follow the experimental procedures prescribed by the teacher, al-
though they can finally complete the experiment smoothly and get satisfactory
experimental results. But this kind of experiment actually goes against the pur-
pose and requirements of the experiment. In the process of this kind of experi-
ment, the students’ experimental ability, analytical ability and problem-solving
ability are not cultivated, let alone the cultivation of exploration spirit and crea-
tivity.

2.2. Simulation Experiment Software and Its Application in
Physics Experiment Teaching

There are many types of simulation experiment software in experiment teaching.
Zhang analyzed the necessity and feasibility of using simulation software to carry
out physics experiments, and also proposed that assessing students’ abilities
from the experiment link can stimulate their interests of learning physics simu-
lation experiments (Zhang, 2019). Some researchers proposed by using virtual
experiment teaching platform, teaching software and virtual experiment, can
have a good teaching effect, better feasibility (Daineko, Dmitriyev, & Ipalakova,
2017; Li & Xu, 2015) and can help learners understand physics phenomena bet-
ter (Bostan, 2011).

Matlab as an easy-to-use scientific computing software has powerful functions
such as data acquisition, numerical analysis, matrix calculation, signal processing,
data visualization, calculation simulation and graphics processing (Li & Xu,
2015; Zhong & Zhang, 2010). Anling reproduced the visualization pattern of in-
terference and diffraction through Matlab simulation software (Anling, 2012).
The simulation results are completely consistent with the experimental images,
which is very beneficial for guiding students’ experimental operations. Origin
software is another software assist physics teaching, which is simple and easy to
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learn. It has intuitive, graphical, object-oriented window menus and toolbar op-
erations and gradually recognized as the fastest, most flexible, and easiest data
analysis drawing software (Huo, 2015). Zeng and Liu took the section of “free
falling movement” as an example, using Origin software to analyze and plot the
data of the inquiry experiment, and applying modern information technology to
assist physics teaching, which can stimulate students’ core literacy of physics
(Zeng & Liu, 2019).

The VR virtual laboratory mainly relies on VR technology, which is for hu-
man beings to satisfy their increasing desire to explore the objective world (Chi-
na Institute of Electronic Technology Standardization, 2016). With its aug-
mented reality characteristics, VR technology can project experimental ideas in-
to the real experimental environment. It plays an important role in stimulating
students’ imagination and innovation vitality. Tsivitanidou, Georgiou & Ioan-
nouuse the immersive experience of virtual reality to explore learning in physics
teaching to understand students’ perception and the interactive effect between
concept acquisition and attitude characteristics (Tsivitanidou, Georgiou, & Ioan-
nou, 2021). It has also been applied to some physical experiments and achieved
good experimental results (Boettcher & Behr, 2021; Sidanin, Plavsi¢, Arsenié, &
Krmar, 2020; Valdez, Ferreira, & Barbosa, 2013). However, because VR/AR
equipment is usually very expensive, it has not yet been widely popularized for

experimental education in primary and middle schools.

3. Method

3.1. Research Context

Two typical experiments were selected in this study, among which “synchronous
satellite orbit change launch” was the demonstration experiment, and the “uni-
form speed linear motion” experiment was an active and exploratory experiment
with students as the main body.

There is a lesson “the application of gravitation artificial earth satellite” in the
chapter of “the law of gravitation” in the physics textbook for senior one of the
People’s Education Edition. Although the principle and application of “syn-
chronous satellite” are not stated in detail in the textbook, the application of
“synchronous satellite” often appears in students’ exercises, and students are also
very interested in the knowledge content of synchronous satellite launch. How-
ever, this kind of experiment cannot be demonstrated in kind, and it is difficult
to explain clearly only by drawing in the classroom. For this reason, this research
selects the demonstration courseware in the resource library of “Simulation
Physics Laboratory” to demonstrate and explore the parameters of the three
cosmic speeds and their specific modes of action.

The first volume of the high school physics curriculum is a student experi-
ment called “Linear Motion with Uniform Variable Speed”. The purpose of this
experiment is to verify and study the law of linear motion with uniform speed.

The principle of the experiment is to add a fixed external force to a stationary
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experimental trolley, the object starts to move, and the movement of the object is
recorded on a paper tape through a dot timer, and then the acceleration of the
car is calculated by analyzing the points on the paper tape that record the car’s
movement. In the traditional teaching mode, the needle type dot timer is used.
When the dot timer works, the needle tip dot on the paper tape will form inter-
mittent resistance, which will affect the constant force of moving objects. If we
can’t guarantee the action of the object under the condition of constant force,
the motion of the object is not uniform variable speed motion in the strict sense.
However, due to the existence of air resistance and friction, as well as the impact
of dot timer, the experimental error is difficult to control, often appear unsatis-
factory data, resulting in the experimental effect is not ideal. Therefore, this
study introduces the “simulation physics laboratory” software, in the virtual
space to create experimental situations, to eliminate the air resistance problems
that cannot be overcome under real conditions, so that students can summarize

the physical laws through independent exploration and thinking.

3.2. Participants

This study selected the students who were enrolled in the first grade (5) and
grades (6) of Beijing A high school in September 2016 as the research objects to
carry out a one-year study. The numbers of the two classes were 45 and 47 stu-
dents, and in accordance with the teaching requirements of the first-year physics
experiment curriculum in high school, conducted experimental research on the
information technology supporting high school physics experiment teaching ac-

tivities.
3.3. Research Process

The purpose of this study is to explore the impact on the quality of teaching on
the basis of “simulation physics laboratory” assisted inquiry physics experiment.
Based on the “cooperation inquiry” teaching mode, the experimental activity
mode is implemented with the process shown in Figure 1.

The above inquiry activities include two aspects of teacher’s experimental
guidance and students’ experimental activities, mainly around the standardized

process of experimental teaching.

3.4. Research Process Control

In order to ensure the preciseness and scientificity of the research and reduce the
influence of non-control factors on the research results, this study follows the

following basic norms.

3.4.1. Premise Guarantee of Research

1) The experimental class and the control class are taught by the same teacher,
the teaching content and the amount of homework are the same, and the total
amount of students’ learning time is the same;

2) At the first beginning, we conducted a questionnaire survey on the basic
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Figure 1. Experimental model.

situation of the students in the two classes, and found that there were no signifi-
cant differences in the attitude, motivation and self-efficacy of the students in
the two classes; from the examination results and entrance examination, there is
no significant difference between the two classes.

3) Before the formal start of the physical experiment, the teacher will spend
five minutes to introduce the experimental requirements and equipment. Then
the students in the experimental class need to use the simulation laboratory
software to do 15 minutes of demonstration and exploration activities, and then
they can use the real equipment to start the experiment. After listening to the
teacher’s lecture, the students in the control class can directly enter the experi-

mental link.

3.4.2. Organize Experimental Activities in Groups

Both the experimental class and the control class organized experimental activi-
ties in the form of group cooperation. In order to ensure the preciseness of the
research, the initial learning ability and learning style of the students in the ex-
perimental class were investigated before grouping. The evaluation of students’
initial ability includes their physics test scores, information technology mastery,
and familiarity with the trial of simulation physics laboratory; The analysis of
learning style is based on the “students’ cognitive style scale” developed by the

school of educational technology of Beijing Normal University to evaluate each
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student in order to master the characteristics of their cognitive style.
Considering the requirements of laboratory environment and class reporting
time, the author divided 45 students in the class into 8 groups with 6 students in
each group, and the last group was 3 students, each group included boys and
girls. The composition of the group members is arranged according to the prin-
ciple of complementary differences in initial ability and learning style. Finally,
the group members jointly select a student with strong sense of responsibility
and dedication as the leader of the learning group. During the process, teachers

need to monitor and evaluate the students’ process and give real-time guidance.

4. Research Process and Teaching Practice

4.1. Simulation Demonstration Experiment to Enhance Teachers’
Teaching and Students’ Desire to Explore

The software of simulation physics laboratory is used to demonstrate the three
cosmic velocities and the working principle of synchronous satellites. Its devel-
opment process is summarized as: preview before class, report in class, teacher
guided questioning, experimental demonstration of speed and surrounding rela-
tionship, students’ independent experimental exploration and experimental

summary.

4.1.1. Introduction before Experiment

1) Preview and report

The teacher arranges the preview homework for the students before class. The
students should understand the two methods of launching the satellite to the
synchronous orbit through independent learning, that is, straight-line launching
and orbit changing launching, and compare the differences between the two, and
show them in the classroom report.

2) Guide questions and description of the situation

The teacher showed the picture to the students, and made a guiding question
to guide the students to think: a) why can the satellite be fixed at a certain point
in the sky and not fall down? b) How does this satellite get into orbit and stay
stable?

4.1.2. Pre Demonstration Experiment

Use the “Simulation Physics Laboratory” software to demonstrate the relation-
ship between the drop location and speed of the parabolic on the ground, so that
students can intuitively understand the relationship between the satellite’s speed
and its trajectory. By setting different parabolic speeds in the software, students
can master the physical environment of satellite operation: input different speed
parameters of satellite operation, v = 6.7 km/s; 7.9 km/s; 8.6 km/s; 11.2 km/s;
15.2 km/s; 16.7 km/s; 18.8 km/s. The students were asked to watch the change of
satellite trajectory and demonstrate the relationship between satellite speed and
orbit in the pre demonstration experiment. Finally, they observed the pheno-
menon and found that when the speeds were 7.9 km/s, 11.2 km/s and 16.7 km/s,
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they could show three kinds of motion tracks on the track. The tracks are shown

in Figure 2.

4.1.3. Explore the Working Principle of Synchronous Satellite

1) How can a geostationary satellite enter the docking orbit?

Teacher asked: what are the basic conditions for a satellite to make a circular
motion at a certain height above the ground? Who will provide these conditions?

Student answer: there are two basic conditions for an object to fly in a circle:
one is that it needs centripetal force, which is mainly provided by the gravity of
the earth on the satellite, that is, universal gravitation. The second is the speed of
the satellite in circular flight, which is mainly provided by the rocket engine.

2) A process of orbit change

Guide students to think. Then the teacher made a demonstration in the simu-
lation laboratory. When the satellite is running at the speed of 7.9 kilometers per
second, let the students observe the orbit of the satellite; after that, change the
speed parameters and do the demonstration again. Let the students observe
carefully and make a simple analysis.

3) The second orbit change process

The teacher guides the students to think about how fast the satellite should
run in order to maintain its stability? How high should it be? Then the teacher
made a demonstration with the simulation laboratory software.

The teacher directly changed the parameters of the satellite and demonstrated
the process of the satellite entering the synchronous orbit from the apogee. The

results are shown in Figure 3.

4.1.4. Students’ Independent Experiment Exploration
Students are required to use the “Simulation Physics Laboratory” software to

independently change the speed parameters of the satellite to simulate the oper-

ation of the artificial satellite, record the experimental parameters and the

I 7S Y

Figure 2. Speed and orbit of artificial satellite.
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Figure 3. Satellite’s orbit change launch.

corresponding effects, and think about the satellite’s orbit-changing launch

process.

4.1.5. Experiment Summary

In the process of demonstration experiment, students only pay attention to ob-
serve the phenomenon of the experiment, and lack of specific analysis of the
problems. Therefore, teachers often use questions and other ways to guide stu-
dents to adjust their concerns and guide students to think about the centripetal
force of satellite operation and the linear speed of satellite operation, in order to
inspire students to combine prior knowledge with current knowledge, and in-

duce students’ deep thinking and exploration desire.

4.2. Simulation Exploration Experiment Aiming at Autonomous
Inquiry and Discovery Learning

“Uniformly variable linear motion” is a very important experiment for the first
grade, focusing on the relationship between Newton’s second law, acceleration,
distance per second and other parameters. In the traditional teaching mode, the

movement of the trolley on the slope is mainly recorded by a timing timer.
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However, due to the influence of air resistance, frictional force and intermittent
resistance caused by dotting, the displacement value often causes a large error,
and it is difficult to present a clear physical law.

This research introduces the “Simulation Physics Laboratory” software in the
experiment, creates an experimental situation in the virtual space, eliminates the
problems of air resistance, friction and dotting resistance that cannot be over-
come under real conditions, and can set parameters at will based on your own
assumptions. It is convenient for students to think and summarize the laws of

physics through independent exploration.

4.2.1. Lead in: Teachers Assign Inquiry Tasks

The teacher asked the students to use the “simulation laboratory” to complete
the following experiments, and think about the change law of the displacement
value in the process of the experiment. The inquiry tasks assigned by teachers

are shown in Figure 4.

Please complete the following settings on the simulation physics laboratory
platform:

(1) Add a force of 10N to a small ball with a static mass of 2 kg, and the small
ball begins to move. Try to analyze the relationship between the displacements S1, S2,
S3... in several consecutive and equal time periods from the flash photos of the
movement of the small ball?

(if x 1 x 2 x 3... are the position coordinates of the small ball respectively, S =x
2-x1,82=x3-x2,8S3=x4-x3...and so on)

(2) Add a force of 10N, 20N and 30N respectively to a static ball with a mass of
1kg, and try to analyze the difference of As shown by the movement of the ball on the
flash photo under the action of these three different forces (AS1 =S2 - S1, AS2 =S3 -
S2, AS3 =S4 - S3... and so on)

(3) A force of 20 Newtons acts on an object with a mass of 20 kg, 10 kg and 1 kg
respectively. What is the difference between the motion of the small ball and the As in
the flash photo?

(4) From the analysis of (2) and (3) above, can you find out the law of F and As?
The law of M and As?

Precautions:

(1) The quality and force of the ball shall be set strictly according to the values
given in the above questions. The flash output display shall be set for the motion of
the small ball, and the stroboscopic time shall be set to 0.1 second.

(2) Studentsdesign their own data record form and record data. For the
calculation and processing of data, they can use their own calculator or the calculation
tools on the computer.

(3) When analyzing flash photos, the location of the initial data point x0 does not
necessarily start from the first ball position taken by the flash photos. It can select any
position in the middle as x0, and the others are x 1, x 2, x 3... in turn.

(4) Finally, save your own experimental pictures after each group of

experiments.

Figure 4. The arrangement of inquiry task.
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In the design of inquiry task, we pay attention to the progressive and guiding
of the problem, and try to guide the students to think and summarize the physi-
cal laws through the gradual in-depth task.

4.2.2. The Process of Group Experiment
The experimental exploration steps of each group mainly include: set questions
on the platform and simulate experiments; record data; analysis, calculation and
result demonstration.

The facts showed that each group successfully completed the inquiry experi-

ment according to the requirements of teachers.

4.2.3. Typical Data and Effects in the Inquiry

1) The process of independent exploration

Preliminary study 1: after applying 10N force to a static 1kg ball, the trajectory
of the ball is shown in Figure 5.

Further probe 2: after applying 20n force to a static 1kg ball, the trajectory of
the ball is shown in Figure 6.

Final probe 3: under the rule of flash time of 0.1 s, the experimental team ex-

plored the situation of applying 30 N force on a static 1 kg ball with the help of

simulation software.

Figure 5. Trajectory of ball (a).

DOI: 10.4236/js5.2021.911023

321 Open Journal of Social Sciences


https://doi.org/10.4236/jss.2021.911023

X.L.Maetal.

(1.285, 2. 200) I

Figure 6. The trajectory of the ball (b).

2) Induction and analysis

After completing the above test, the data as shown in Table 1 is obtained.

Summarizing the data in Table 1, X0, X1, X2, X3, X4 and X5 respectively
represent the distance of the ball from the origin every second, and S1, S2, S3, S4
and S5 represent the distance between adjacent balls, the students were surprised
to find that the AS,,,, of these three sets of data were constant 0.1, 0.2, 0.3,
which corresponded to the applied forces of 10 N, 20 N and 30 N, so some stu-
dents guessed whether AS, , , , is proportional to force F?

When some students in Group 5 proposed the conjecture that AS, ,,,, may be
proportional to F and inversely proportional to m, some students agreed, but
some thought it might be an accidental phenomenon, not necessarily a universal
law. After discussion, the members of this group unanimously decided to design
another two sets of data to verify the above rules.

The results show that with the increase of the force, AS,,;, also increases,
and the force is proportional to AS, , ; ,; The results show that with the increase
of the mass, AS,,, also decreases, so the mass is inversely proportional to
AS(1 23,

Teachers guide students to think: 1) What is the meaning of AS, ,;,? 2) What

is the relationship between force F and AS, ,; ,? How to narrate and express?
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Table 1. Record of displacement and displacement difference of two adjacent balls (unit: meter).

Force (F) Distance 1 Distance 2 Distance 3 Distance 4 Distance 5 Distance 6
X0 X1 X2 X3 X4 X5
0.8 1.25 1.8 2.45 3.2 4.05
S1 (X1 - X0) S2 (X2 - X1) S3 (X3 - X2) S$4 (X4 - X3) S5 (X5 — X4)
10N 1kg
0.45 0.55 0.65 0.75 0.85
AS1 AS2 AS3 AS4
0.1 0.1 0.1 0.1
X0 X1 X2 X3 X4 X5
0.1 0.4 0.9 1.6 2.5 3.6
S1 (X1 - X0) S2 (X2 - X1) S3 (X3 - X2) S$4 (X4 - X3) S5 (X5 — X4)
20N 1kg
0.3 0.5 0.7 0.9 1.1
AS1 AS2 AS3 AS4
0.2 0.2 0.2 0.2
X0 X1 X2 X3 X4 X5
0.15 0.6 1.35 2.4 3.75 5.4
S1 (X1 - X0) S2 (X2 - X1) S3 (X3 - X2) S$4 (X4 - X3) S5 (X5 — X4)
30N 1kg
0.45 0.75 1.05 1.35 1.65
AS1 AS2 AS3 AS4
0.3 0.3 0.3 0.3

Note: AS1 =S2 — S1; AS2 = S3 — S2; AS3 =S4 — S3... and so on.

4.2.4. Group Report and Evaluation

In order to make the experimental learning results of each group have an impact
in the whole class and realize the knowledge sharing within the class, two classes
are arranged to carry out comprehensive report and discussion when the stu-
dents’” experimental exploration is basically completed.

In this study, quantitative and qualitative evaluation methods were used to
evaluate the experiment. In the aspect of quantitative evaluation, it mainly in-
cludes four aspects: individual self-evaluation, group internal evaluation, group
mutual evaluation and teacher evaluation. Qualitative evaluation is mainly a se-
ries of classroom comments, such as the full affirmation of the students’ shining

points and the correction of their shortcomings in the experimental activities.

5. Results and Discussion

In this study, a one-year teaching experiment was conducted in the experimental
class. At the end of the school year, the teaching experiment was evaluated, ana-
lyzed and summarized. From the three dimensions of students’ learning attitude,
physical experiment ability and final score, whether the simulation experiment
software applied to the experimental class can improve the students’ learning ef-

fect was analyzed.
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5.1. The Positive Effect of the Intervention of Simulation
Laboratory on Students’ Achievement

This study mainly focuses on the students with learning disabilities who have
more difficulties in physics experiments, so the differences in performance are
mainly aimed at the students with learning disabilities.

After the implementation of physics experiment teaching, independent sam-
ple t-test is conducted for the post-test results of the two classes. The results are
shown in Table 2.

Before organizing physics experiment teaching with the aid of simulation la-
boratory software, there is no significant difference between the test scores of the
experimental class and the control class, even the average score of the experi-
mental class is slightly lower than the control class. However, when the simula-
tion laboratory software aided teaching is adopted in the experimental class, the
results of the students with learning difficulties in the experimental class have
been greatly improved, and there is a significant difference between the experi-
mental class and the control class.

The results show that the average score of students in the experimental class is
72.5, which is higher than 62.6 in the control class; moreover, the standard devi-
ation of the results of the experimental class is 3.68, which is less than that of the
control class, indicating that the students’ results of the experimental class are
more stable; in addition, the results also show that the proportion of excellent
students in the experimental class is also higher than that in the control class.
The above results indicate that adding simulation experiment software to physics
experiment course plays a very important role in improving students’ physics
performance, maintaining the stability of students” performance and improving
the proportion of excellent students in class. If the test scores are taken as de-
pendent variables, class type as grouping variables, and gender, source of stu-
dents and other information as covariates, the covariance analysis will also find
that the test scores of the experimental class are significantly different from those
of the control class. This shows that the proper introduction of simulation la-
boratory software in physics experiment class has a significant effect on the stu-
dents who have difficulties in physics experiment class.

Although physics experiment only accounts for about 15% of students’ phys-
ics examination, the weight is not high. However, if students can actively use

physics experiment learning software to analyze physical laws and physical

Table 2. Test score data after experiment.

Standard Proportion of .
Mean . Sig
deviation excellent students
Experimental
72.5 3.68 11.375%
class 12.177  0.000%**
Control class 62.6 5.11 6.317%

***means the result shows there is a significant difference between the experimental class
and the control class.
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processes, it will help students fully understand physical laws and truly construct
physical models. From the overall score statistics of the semester, it is also found
that the students’ scores of the experimental class have increased to a certain ex-
tent. The physics experiment teaching based on simulation laboratory improves
the learning achievement of backward students. At the same time, it also shows
that the experimental learning has a positive transfer impact on students’ learn-

ing of basic physics knowledge.

5.2. The Intervention of Simulation Laboratory Has a Positive
Impact on Students’ Learning Attitude

Based on the data of the experimental class, we can see that the intervention of

simulation laboratory has a significant positive impact on students’ learning.

5.2.1. Encourage Independent Inquiry, Cultivate Students’ Awareness
of Independent Inquiry

From the performance of the students in the experimental class, the students
focus on the classroom presentation from the beginning (that is, only focus on
the experimental points and experimental conclusions given by the teacher), and
gradually transition to their exploration and trial, and finally the students’ active

use in solving physics learning problems.

5.2.2. Improve Learning Interest and Self-Efficacy of Backward Students

The intervention of simulation experiment software reduces the proportion of
experimental failure of students with learning difficulties. Before carrying out
the real physical experiment, first launch the experiment with the simulation
software to form a stable cognition, and then do the physical experiment based
on the real equipment can help students make fewer mistakes and be less
blamed. In addition to 50% of the students who had better physics performance,
nearly a quarter of the students with learning difficulties in the experimental
class gradually changed from the initial fear of physics learning to the interest in
physics learning, and their learning confidence increased significantly. There-
fore, the intervention of simulation experiment software can improve the

self-efficacy of students with learning difficulties in physics experiment class.

5.2.3. Affect Students’ Thinking Mode of Solving Physical Problems
According to the results of physics final examination, the methods of solving
physics problems of students in experimental class have changed significantly. In
the examination questions, there is an operation question that requires students
to choose methods to solve physical problems. The final methods given by stu-
dents mainly include the following five kinds. The results showed that the prob-
lem-solving strategies of the experimental class are significantly higher than
those of the control class. The statistics are shown in Table 3.

It can be seen from Table 3: first of all, the number of students in the two
classes who choose “drawing analysis” and “example calculation analysis” is very

high, because this is a common solution that students learn from teachers’ usual
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Table 3. Statistics of methods to solve physical problems.

Example With the
Drawi of Hand help of
rawin ands on
Class 8 calculation . physics Self-inference
method experiment .
and learning
analysis software
Experimental
30 18 18 21 2
class
Control class 36 23 11 3 0

teaching. Secondly, there are obvious differences between the two classes in the
item of “using experimental methods”, which shows that through the develop-
ment of research activities, the students’ awareness of using experimental me-
thods to solve problems in the experimental class is enhanced. Finally, “with the
help of physics learning software” to analyze and solve this problem, the two
classes of students formed a sharp contrast, because through teaching activities,
almost all the students in the experimental class have the experience of using the
physics learning software “simulation physics laboratory”, and also realize the

advantages of using the learning software to solve problems.

5.3. The Development and Analysis of Students’ Physics
Experiment Ability under the Influence of Simulation
Experiment Environment

The investigation of students’ physics experiment ability is mainly based on the
“Evaluation Scale of Middle School Students’ Physics Experiment Ability”. After
one semester of experimental teaching, the author measured the physics experi-
ment ability of all students in the two classes with this table. The statistical re-
sults are shown in Table 4.

It can be seen from Table 4 that the scores of students in the experimental
class are significantly better than those in the control class, and there are more
students in the high-segment experimental class. By analyzing the causes of this
phenomenon, the author thinks that because teachers often use the learning
software of simulation physics laboratory to guide students to prepare for expe-
riments, and strengthen the demonstration of experimental operation process
and the correction of wrong operation methods, students have stronger control
ability and more confidence in physical experiments.

In addition, from the conclusion of the experimental examination, the stu-
dents in the experimental class are more excellent in the choice of experimental
instruments, the standard degree of experimental operation, and the analysis

and processing of data.

5.4. Emerging Problems and Limitations

With the advancement of simulation experiment software in physics experiment

teaching, the author also discovered some new problems, which are not conducive
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Table 4. Distribution statistics of students’ final physical experiment ability evaluation.

Class 95 - 85 85-75 75 - 65 65 - 50 Below 50
Experimental
17 25 12 1 0
class
Control class 8 10 21 7 1

to the realization of the strategic goal of talent cultivation in high school physics
experiment teaching.

First of all, in physics experiment class, some students rely too much on si-
mulation software, and even do not want to participate in the experiment in the
real experimental environment. They think the experiment can be done better
with the help of simulation software, and ignore the cultivation of practical, abil-
ity and ability to deal with special situations in the process of real physics expe-
riment.

Secondly, part of the simulation experiment software is not sufficient in the
structure and exception handling, which leads to few options for students to ex-
plore independently, imprisons students’ thinking to a certain extent, and is not

conducive to the cultivation of students’ divergent thinking ability.

6. Summary and Reflection

6.1. Simulation Experiment Software Plays a Significant Role in
Improving Middle School Physics Experiment Teaching

6.1.1. Promote the Development of Students’ Independent
Inquiry Ability

With the help of the platform of “simulation physics laboratory”, the students
have a positive performance, which is very gratifying. On the platform, students
set the experimental parameters and environmental conditions on the corres-
ponding template. After starting the experiment, it can automatically present the
process of object motion change, and can change the parameters and then expe-
riment. Therefore, it is very convenient and efficient to use it to explore some
experiments. After the experiment of this teaching activity, the students have a
strong interest in using the learning software of simulation physics laboratory,
which also has a positive impact on the development of inquiry activities in the

information technology environment.

6.1.2. Reduce the Proportion of Physics Experiment Failure and
Improve the Self-Efficacy

By introducing simulation software into physics experiment teaching, students
can systematically preview the whole experiment process and even explore vari-
ous possible phenomena with the help of simulation software before they come
into contact with real physics experiment equipment, which can reduce students’
mistakes in the process of participating in real experiments and improve the
proportion of successful experiments. Therefore, it plays an important role in

reducing the frustration of students with learning disabilities participating in
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experimental activities, and even can improve their self-efficacy to a certain ex-

tent.

6.2. Simulation Experiment Environment Can’t Replace Real
Physics Experiment

From the perspective of understanding the laws of physics and students’ preview
before carrying out real experiments, the simulation experiment environment is
of great significance to the reform of physics teaching. However, from the pers-
pective of training students’ operation skills, the traditional real environment

experiment still has irreplaceable advantages.

6.2.1. Too Much Dependence on the Simulation Experiment
Environment Will Affect the Cultivation of Students’
Practical Ability

The simulation experiment software shows good effect in promoting students to
grasp the experimental principle and understand the laws of physics. At the
same time, using the platform, students can be guided to carry out the demon-
stration operation of physics experiment, which can reduce students’ damage to
experimental instruments due to wrong operation and improve the efficiency of
experiment.

However, in physics experiment teaching, excessive reliance on simulation
experiment environment deprives students of the opportunity to directly partic-
ipate in the experiment, which is not conducive to the cultivation of hands-on
ability and experimental skills, and is not conducive to students’ all-round de-

velopment.

6.2.2. The Simulation Experiment Confined to the Simulation
Experiment Environment Will Reduce the Chance of Trial
and Error for Excellent Students

The cultivation of innovation ability requires every student to have the opportu-
nity to try and explore independently. Although simulation experiment software
provides students with the option of independent exploration in experiment de-
sign, this option is limited to the thinking mode of software designers, and has
certain limitations. Excessive reliance on the simulation environment will reduce
students’ chances of trial and error to a certain extent, imprison students’ think-
ing to a certain extent, and affect the development of divergent thinking.

In a sense, no matter how exquisite and complete the simulation software is, it
is impossible to achieve the experimental effect in the real experimental scene. In
the face of the real experimental scene, the experimental design, experimental
effect and experimental phenomenon can never be completely replaced by the

simulation experimental environment.

6.2.3. Not All Physical Experiments Are Suitable for Simulation
Experiments

Through this teaching research, the author also realized that: the development of

teaching activities supported by information technology for physical experiment
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teaching must pay attention to the selection of physical experiment teaching
content, that is, the selection of teaching content suitable for information tech-
nology to play its advantages. Not all physical experiments are suitable to be car-
ried out with simulation experiment software. It is very necessary to cultivate

students’ practical ability for experiments that can directly observe phenomena.

6.3. Schools Should Still Pay Attention to the Construction of
Laboratories

The means of information technology cannot replace students’ hands-on expe-
riments, especially the development of inquiry activities. When the conditions
are met, students should explore in the real scene as much as possible. Therefore,
it is necessary to vigorously promote the construction of modern laboratory,
minimize the impact of environmental factors on physical experiments, and im-

prove the popularity of students’” physical experiment equipment.
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