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Abstract: The three teaching objectives of "Middle School Chemistry Experimental Research" course and the background to
determine the teaching objectives are introduced. The four teaching links of the teaching implementation process, namely
collective lesson preparation, group guidance, grading and summary are also introduced. In the course implementation, the
concept of "student-centeredness" and "learning-centeredness" are implemented to improve students' learning ability. During the
course implementation, a "learning community" based on group cooperation is constructed to cultivate students' sense of
teamwork. Formative assessment and summative assessment are used to assess learning outcome, 147 students' total score,
individual score distribution and course goal achievement degree were calculated and analyzed with Excel. The results show that
the degree of achievement of curriculum objectives 1, 2, and 3 are 0.84, 0.85, and 0.84, respectively, and the score distribution of
147 students basically conforms to the normal distribution. In addition, the standard deviations of the three items of teaching aids
production, digitized experiment and experimental improvement of 147 students were 1.34, 1.35 and 1.04, respectively. The
implementation of the course has achieved good results, and the implementation method of the course and the assessment method

of the learning outcome have certain reference significance to the implementation and assessment of other similar courses.
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1. Introduction

"Middle School Chemistry Experiment Research" is a
professional practical course for undergraduate students
majoring in chemistry. The teaching objective of this course is
to cultivate students' middle school chemistry experiment
research ability, communication skills, teamwork spirit and
sense of innovation.

The course objectives are determined in accordance with
the graduation requirements in the "Secondary Education
Professional Certification Standards" (Level 2). Graduation
requirements Article 4 [Teaching ability] requires graduates to
have certain teaching and research capabilities. Article 7 of the
graduation requirements [Learn to reflect] requires graduates
to have a preliminary grasp of reflective methods and skills,
and have a certain sense of innovation. Article 8 of the
graduation requirements [Communication and cooperation]
requires the graduates to have the spirit of teamwork, the skills

of communication and cooperation, and the experience of
group mutual assistance and cooperative learning.

In order to make "Middle School Chemistry Experimental
Research" course can effectively support the graduation
requirements, we  insist on the concept of
"student-centeredness" in the course implementation process
[1-3], build "learning communities" based on group
cooperation [4], highlight the transformation from
"teaching-centeredness" mode to "learning-centeredness"”
mode. [5].

In order to achieve the goal of the practice course, we set up
four links, namely group lesson preparation, group guidance,
grading and summary.

In order to test the effect of course implementation, we
evaluate "course-level learning outcome" by means of score
statistical analysis and assessment of the achievement of
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course objectives. [6]. The calculation method of the
achievement degree of the course objectives are the ratio of
the sum of average points of the attributed course objectives to
the target score. [7-13].

Through the analysis of 147 students' total score, individual
score distribution and course goal achievement, we have
reached the conclusion that the course has a good learning
effect. Meanwhile, we have also found the aspects needing
further improvement to provide guidance for the
re-implementation of the course.

2. Course Objectives, Tasks, and
Requirements

2.1. Course Objectives

Course objectives 1: Through the practical activities of
making middle school chemistry teaching aids, digitized
experiment and experiment improvement, the teaching
research ability and innovation consciousness of middle
school chemistry experiment of normal university students are
cultivated.

Course objectives 2: Through the establishment of the
learning community and the learning process, students can
gain the experience of group mutual assistance and
cooperative learning, and develop their communication skills
and team spirit.

Course objectives 3: Through the problems in the design
and implementation of the project research program, students
are guided to reflect, and their innovative consciousness and
reflective ability are cultivated.

2.2. Course Tasks

(1) Teaching aids making According to the actual needs of
middle school chemistry teaching, simple and practical
middle school chemistry teaching aids are made, which
can be used for model demonstration, experimental
demonstration or group experiment in middle school
chemistry classroom teaching.

(2) Digitized experiment Select a kind of sensor for Vernier
and Lab Quest data collector for middle school
chemistry experiment design, and complete the
digitized experiment.

(3) Experiment improvement To select a middle school
chemistry experiment for improvement research, the
improved experiment is required to be better than the
original experiment in the use of chemical reagents,
experimental equipment, experimental conditions,
experimental operation, experimental phenomenon and
other aspects.

2.3. Course Requirements

About six students were divided into one group, each group
is required to complete three tasks: teaching aids making,
digitized experiment and experiment improvement.

Each student is required to submit a research scheme for

teaching aids making, digitized experiments and experiment
improvement, research report, experiment operation video,
and reflection report on the three projects.

3. Course Implementation Process

A schematic diagram of the course implementation process
is shown in Figure 1. It is mainly composed of four links:
group lesson preparation, group guidance, score and
summary.

Objectives and tasks

S Course progress
Group lesson Progt

preparation Course requirements
Guidance requirements
| Topic selection and program demonstration
244 L |
G Preparation of experimental materials
guidance | Scheme implementation
ﬂ | Research report writing
‘ Scote Scoring Standards
Scoring process
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Figure 1. Schematic diagram of course implementation process.
3.1. Group Lesson Preparation

The group lesson preparation is called by the course leader,
participants included course teachers and lab administrators,
main purpose is to make clear the course's objectives, tasks
and requirements, course progress, guidance requirements and
so on. The course lasts 16 weeks and is usually divided into
four stages: the first stage is the topic selection and scheme
demonstration (weeks 1-6); the second stage is the preparation
stage of experimental materials (weeks 6-8); the third stage is
the phase of scheme implementation and research report
writing (weeks 9-15); the fourth stage is the score and
summary (16th week).

3.2. Group Guidance

The first stage (the topic selection and feasibility
demonstration of the project scheme): In the first week,
teachers assigns tasks to the group under their guidance, and
the group leader and group members negotiate and assign
specific tasks, including access to information, determination
of topic selection, and scheme design. The teacher checks the
progress of the students' tasks every week, inspires the
students to choose topics, guides the students to design the
scheme, and convenes a group meeting in a timely manner to
demonstrate the feasibility of the scheme. The feasibility of
the scheme is demonstrated in terms of safety, practicability,
science, economy, etc. For those unfeasible or incomplete
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schemes, students are required to make modifications and
re-evaluate until the scheme is approved by the teacher.

The second stage (preparation of experimental materials):
After the project scheme is determined, students are required
to submit a list of specific experimental materials according to
the project scheme. All experimental materials are prepared
by the laboratory administrator, and the experimental
materials in the scheme need to be modified if necessary.

The third stage (scheme implementation and research report
writing): After all the required experimental materials are
prepared, the instructor will guide the students on-site to
implement the scheme, according to the progress of
completing one project in 2 weeks, and completing three
projects in 6 to 7 weeks. For completed research projects, the
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teacher will guide students to write research reports in
accordance with uniform format requirements. For projects
that cannot achieve the expected results, continuous
improvement should be made.

3.3. Score

After the completion of the three projects, the teacher will
assess the students' achievements in accordance with the
unified scoring standards and requirements, combined with
their own guidance records. Teaching aids making, digitized
experiment and experiment improvement accounted for 30%
each, and reflective experience accounted for 10%, as shown
in Table 1.

Table 1. Score sheet.

Project Content

Dimension and scoring standards Score

Scheme design and implementation (18%)

1 1 1 0,
LBz e () Communication and cooperation (6%)

Research report (6%)

Scheme design and implementation (18%)

101t1 1 0,
RiciicelSspeuinen Gy Communication and cooperation (6%)

Research report (6%)

Scheme design and implementation (18%)

Experiment improvement

(30%) Communication and cooperation (6%)

Research report (6%)

Experience and reflection

o 1 0,
(10%) Experience and reflection (10%)

Scientific rationality (6 points)

Preciseness (3 points)

Safety and reliability (3 points)
Implementation effect (6 points)

Scheme design cooperation (3 points)

Scheme implementation cooperation (3 points)
Style format (2 points)

Chart quality (2 points)

Integrity (2 points)

Scientific rationality (6 points)

Preciseness (3 points)

Safety and reliability (3 points)
Implementation effect (6 points)

Scheme design cooperation (3 points)

Scheme implementation cooperation (3 points)
Style format (2 points)

Chart quality (2 points)

Integrity (2 points)

Scientific rationality (6 points)

Preciseness (3 points)

Safety and reliability (3 points)
Implementation effect (6 points)

Scheme design cooperation (3 points)

Scheme implementation cooperation (3 points)
Style format (2 points)

Chart quality (2 points)

Integrity (2 points)

Scheme design reflection (4 points)

Scheme implementation reflection (3 points)
Communication and collaborative reflection (3 points)

3.4. Summary

The teacher presided over a group discussion meeting. Each
member of the group made a brief speech on the gains,
experiences and reflections after learning the course, and the
teacher made a final summary. The course manager convened
a class council. The leader of each group gave a brief speech
on the performance and gains of the students in the course, and
the teachers made a comprehensive summary. The department
director held a seminar for instructors to discuss the
effectiveness of the course teaching, and to find out the
problems that appeared in the course of instruction, so as to
facilitate continuous improvement.

4. Assessment of Learning Outcome

Formative assessment and summative assessment [6] are
used to assess topic selection, achievement degree of the
course objectives, experience reflection and scheme design
and implementation, communication and cooperation,
research reports, respectively.

4.1. Topic Selection

Some topics of the course are shown in Table 2. It can be
seen from Table 2 that the topics of teaching aids making and
experimental improvement are consistent with the
experimental content in middle school chemistry textbooks,
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such as the Tyndall effect experiment and silver mirror
reaction experiment. [14, 15]. However, only part of the topic
selection of digitized experiment is consistent with the

contents of "Venier Chemical Experiment Manual". Some
groups did not have sufficient demonstration in the topic
selection and experiment content design, which needs to be

experimental content of middle school chemistry textbooks.
The digitized experiment was designed by referring to the

further improved in the future teaching.

Table 2. Part of the topic selection for the course.

Project Topic

Making of the Tyndall effect demonstration device

Production of teaching aids for semipermeable membrane dialysis experiment

Making experimental teaching aids for exploring the phenomenon of molecular movement
Teaching aids making Make an experimental device to explore the conductivity of solution

Make simple Kipp's apparatus

Make a model of the atomic structure

Green experimental device for sulfur dioxide properties

Determination of unknown acids by conductance titration

Determination of critical micelle concentration of sodium dodecyl sulfate
Strong bases titrate monic, binary, and ternary acids

Acid-base titration

Study on factors influencing decomposition rate of hydrogen peroxide

The reaction of carbon dioxide and sodium hydroxide was investigated by pressure sensor
Determination of electrical conductivity of electrolyte solution

Acid-base titration curve

Improvement of ethanol catalytic oxidation experiment

Improvement of carbon dioxide property experiment

Improvement of sodium and water reaction experiment

Improvement of silver mirror reaction experiment

Improvement of the fountain experiment

Improvement of the experiment of factors affecting the rate of chemical reaction
Improvement of thermal decomposition experiment of ammonium bicarbonate

Digitized experiment

Experiment improvement

Table 3. Assessment form for achievement of course objectives.

content

Scheme design and implementation (18 points)
research report (6 points)

Scheme design and implementation (18 points)

Course objectives Project Achieve-ment degree

Teaching aids making

Course objective 1 Digitized experiment R ) 0.84
. . Scheme design and implementation (18 points)
Experiment improvement .
research report (6 points)
Teaching aids making Communication and cooperation (6 points)
Course objective 2 Digitized experiment Communication and cooperation (6 points) 0.85
Experiment improvement Communication and cooperation (6 points)
Course objective 3 Experience and reflection (10 points) 0.84

normal distribution curve, the number of people with 87 points
is the largest, accounting for 15% of the total, which is a
relatively high proportion.

4.2. Achievement Degree of Course Objectives

The results of the statistical calculations of the performance
of 147 students are shown in Table 3. From Table 3, we can
see that the achievement degree of the course objectives 1, 2 25 0.14
and 3 are 0.84, 0.85 and 0.84 respectively. According to the 20 — - 0.12
requirement of a minimum attainment of 0.7, this indicates 15 / N\ 8(1)8
that all three teaching objectives are well achieved. 10 / \ L 006

; / \ oo
N N[0

73 75 77 79 81 83 85 87 89 91 93 95 97 99
Score

4.3. Analysis of Distribution of Total Scores and Single
Scores

Number of students

4.3.1. Analysis of Distribution of Total Scores

The statistical analysis function of Excel was used to make
statistical analysis of students' scores. The scores distribution
of 147 students is shown in Figure 2. As can be seen from
Figure 2, the highest score is 94, the lowest 76, the average
score is 85.4, and the standard deviation is 3.47. From the

mmmm Score distribution === Normal distribution curve

Figure 2. Distribution of total scores and normal distribution curve.
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4.3.2. Analysis of the Distribution of Single Scores of
Teaching Aids Making, Digitized Experiment,
Experiment Improvement and Experience Reflection

Figure 3 shows the distribution of the scores of 147
students in the three projects of teaching aids making,
digitized experiments, and experimental improvement. It
can be seen from Figure 3 that in the three projects of
teaching aids making, digitized experiments and
experimental improvement with a full score of 30, the

standard deviations of the scores were 1.34, 0.92 and 1.04,

respectively. Most students scored between 24 and 27, with

the largest number of students scoring 26. The distribution
of the three scores was basically in line with the normal
distribution. However, in the digitized experiment, one
student scored 20 points, one scored 22 points and eight
scored 23 points. The low score of these students is due to
the low score of the scheme design and implementation of

the same group. The students who scored only 20 and 22

also scored lower than their peers in both the research

report and the cooperation parts, which largely reflect the
students' learning attitude.

70 7+ Teaching aids making
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é 60 7 7% Digitized experiment ;

2 507 wExperiment improvement | 7
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Figure 3. Distribution of scores for the three projects.

The distribution of students' reflective experience is shown
in Figure 4. It can be seen from Figure 4 that there are 128
students who scored 8 and 9 points, accounting for 87% of the
total, indicating that the number of students who scored 8 and
9 points is relatively concentrated. The standard deviation of
this score (0.795) is relatively small, and the same conclusion
can be drawn. The reason for the low score of 5 students was
that they failed to fully summarize the content of their
experience and reflection in their submitted reports.

5 10
i S
e . "
6 7 8 9 10
points points points points points

Figure 4. Distribution of scores for experience and reflection.
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4.3.3. Analysis of Distribution of Scores for Scheme Design
and Implementation

The distribution of scores for teaching aids making,
digitized experiment and experiment improvement scheme
design and implementation is shown in Figure 5. For the
scheme design and implementation of teaching aids making,
the number of students who scored 15 points was the largest,
accounting for 41% of the total number of students. For the
scheme design and implementation of digitized experiment,
the number of students who got 17 points was the largest,
accounting for 48%. For the design and implementation of
the experimental improvement scheme, the number of
students who got 17 points was the largest, accounting for
48%, and the number of students who got 16 points
accounted for 44%. This shows that the scores for the design
and implementation of the experimental improvement
scheme are more concentrated. In addition, the standard
deviations of the scheme design and implementation scores
for teaching aids production, digitized experimentation, and
experimental improvement are 1.03, 0.92, and 0.65,
respectively. The standard deviation of the last item is the
smallest, which also shows that the scores of this item are not
highly scattered. This just reminds the instructor to grasp the
scoring standards when evaluating performance.

Teaching aids making
¥ Digitized experiment
# Experiment improvement 7171
60

38
N\

P )
01lo e
et Vs %7
13 points 14 points 15 points 16 points 17 points

Figure 5. Distribution of scores for scheme design and implementation.

4.3.4. Analysis of Distribution of Scores for
Communication and Cooperation

Figure 6 shows the distribution of scores for
communication and cooperation of teaching aids making,
digitized experimentation, and experiment improvement.
The calculation results show that in the communication and
cooperation with a full score of 6, the proportion of students
who scored 5 points in the three projects accounted for 81%,
84%, and 87%, respectively, and the standard deviations of
the three projects scores were 0.42, 0.42, and 0.35,
respectively. This shows that the scores of the three projects
are very concentrated. For students who got 4 points, the
main manifestation was that they did not communicate
actively in the process of scheme design, scheme
implementation and research report writing. In the research
report, problems of illustration and formatting did not meet
the requirements due to lack of communication also
appeared. For students who got 3 points, in addition to the
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above situation, there were also problems such as
inconsistent experimental materials and experimental results
with other members of the same group.

Teaching aids making
N Digitized experiment
# Experiment improvement

22

[///////

6 points

6 6 4
e L Lt

3 points 4 points 5 points

Figure 6. Distribution of scores for communication and cooperation.

4.3.5. Analysis of Distribution of Scores for Research
Reports

Figure 7 shows the distribution of scores for research
reports of teaching aids making, digitized experimentation,
and experiment improvement. The calculation results show
that in the research reports with a full score of 6, the
proportion of students who scored 5 points in the three
projects accounted for 76%, 70%, and 69%, respectively, and
the standard deviations of the three projects scores were 0.48,
0.69, and 0.54, respectively. This shows that the scores of the
three projects are relatively concentrated. The research report
with 4 points is mainly because the font, line spacing, layout
design and other formats do not meet the requirements. The
research report with 3 points has both format problems and
other errors. One digitized experiment research report only got
2 points, mainly because the student's carelessness caused
serious errors in the research report.

¢ Teaching aids making 111

N Digitized experiment
B Experiment improvement

010

Py — W

2 points 3 points 4 points 5 points 6 points

Figure 7. Distribution of scores for research reports.

5. Experience

In order to ensure the effective achievement of the teaching
objectives of the course, three aspects are ensured and three
items are prohibited in the process of teacher guidance.

First of all, the feasibility of topic selection and research
scheme must be ensured. The teacher holds the discussion

meeting on topic selection and research scheme of the group in
time, in which the topics selection and research schemes are
strictly demonstrated from the aspects of safety, practicality,
scientificness, innovation and economy. For the incomplete
research scheme, the teacher guides the students to further
optimize the scheme. For topics and schemes that do not meet
the above-mentioned "five characteristics", the teacher instructs
students to make major revisions to the research plan until it
meets the requirements. For the more serious problems, the
teacher will guide the students to adjust or replace them in time.
In order to prevent students from not personally design the
scheme, students are prohibited to copy others design scheme.

Secondly, the quality of project completion and research
reports must be ensured. In the process of implementing the
project scheme, the instructor must guide the students on site.
In this way, the teacher can not only know the effect of the
implementation of the scheme, but also guide students in time
to solve the problems that arise during the experiment. In
order to grasp the first-hand information for performance
assessment, the teacher needs to know the communication and
cooperation of each member of the group during the
implementation of the scheme, and also requires the teacher to
be at the experimental site. The teacher instructs each student
to write and submit a research report. In order to prevent
students from not writing research reports themselves,
students are prohibited from submitting research reports
identical to those of the same group of students.

Thirdly, the fairness and reasonableness of performance
assessment must be ensured. The instructor should make the
score of each dimension in Table 1 reflect the actual
performance of each student as accurately as possible when
evaluating performance. In order to prevent the same group of
students from getting the same scores, not only are teachers
required to fully understand each student's participation and
contribution to the project during the guidance process, and to
make a record of the entire guidance, but also to carefully
review each student's research report and accurately grasp the
scale of score. Teachers are strictly prohibited from randomly
marking without any basis during the scoring process.

"Middle School Chemistry Experiment Research" is a
professional practical course for undergraduates majoring in
chemistry. In order to achieve the objectives of the course, we
should not only make a reasonable implementation plan, but
also strictly abide by the implementation rules. It is necessary
not only to do a good job in every link of group lesson
preparation, group guidance, score and summary, but also to
give full play to the guiding role of the instructor in the course
implementation process. Although the teaching reform of this
course has achieved certain results, the details of research
project selection, project implementation and score still need
to be continuously improved.

6. Conclusion

The four links of collective lesson preparation, group
guidance, scoring and summary are set up and effectively
implemented, and the students' learning outcome is good.
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First of all, the course objectives are well realized. From the
topic selection of each project and the feasibility
demonstration of each research plan, to the implementation of
the project scheme and the writing of the research report, to
the review and summary after the completion of the project,
students participated in and truly experienced the whole
process of the project research. To some extent, this has
improved the students' ability in middle school chemistry
experiment research and enhanced their sense of innovation.
Secondly, during the implementation of the projects, effective
communication was carried out between teachers and students,
students and students, and groups and groups. To some extent,
this strengthens students' awareness of teamwork. Thirdly,
through the personal reflection report and the speech of the
group discussion meeting, each student realized the harvest in
the course implementation process and learned to reflect on
their own deficiencies.

In a word, the implementation method of the course and the
assessment method of learning effect have certain reference
significance for the implementation and assessment of other
similar courses.
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