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Abstract: This study aims to explore the
theoretical foundations and application
value of Project-Based Learning (PBL) in
chemistry education, particularly at the
secondary and higher education levels. By
reviewing existing domestic and
international research on PBL in chemistry
teaching, we identify current research
hotspots, trends, and gaps. Integrating
characteristics of the chemistry discipline,
we construct a theoretical framework for
PBL from perspectives such as cognitive
theory, constructivist educational theory,
and situated learning theory. Utilizing
content analysis and theoretical synthesis,
this study elucidates how PBL, through the
design and implementation of authentic
projects, enhances students' knowledge
construction, innovation capabilities, and
overall competencies. We analyze potential
application strategies and implementation
paths of PBL in chemistry curricula at
different educational stages (middle school,
high school, and university) and discuss its
theoretical advantages in fostering students'
learning motivation, critical thinking, and
practical skills. Aligning with the latest
educational reforms and policies, this
research also delves into the core role of
PBL in promoting educational equity,
cultivating students' social responsibility,
and advancing green chemistry education.
Through theoretical analysis, we conclude
that PBL holds significant theoretical value
and practical potential in chemistry
teaching, effectively improving students'
learning outcomes and comprehensive
qualities, and offering an innovative and
effective teaching model for future
educational reforms.
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1. Preface

1.1 Research Background
Project-Based Learning (PBL), as a student-
centered teaching method, has been widely
concerned and applied in the world in recent
years. PBL originated from the "Reggio Emilia
Education Law" in Italy, and its core idea is to
promote students' knowledge construction,
skills development and comprehensive quality
improvement through the design and
implementation of the project. With the
deepening of the global education reform, the
recognition and importance of PBL in the
education circles of various countries has been
increasing, and PBL has gradually become a
widely recognized teaching mode. PBL
emphasizes knowledge building and skill
development through the completion of
practical projects, and is particularly suitable
for highly experimental disciplines such as
chemistry. In the PBL teaching process,
students can not only deepen their
understanding of subject knowledge by
participating in real project practice, but also
develop comprehensive abilities such as
independent learning, teamwork and problem
solving. This kind of teaching method breaks
the inherent model of teacher-student
relationship in traditional teaching, puts
students in the main position of exploring and
exploring, and teachers play the role of
mentors and supporters.
In the traditional teacher-centered teaching
mode, the teaching process is mainly carried
out through the teacher's explanation and the
students' passive acceptance of knowledge.
Although this model can impart a lot of
knowledge in a short time, it has many
limitations. Traditional teaching mode is
difficult to stimulate students' learning interest
and initiative, students often lack a sense of
participation and involvement in the classroom,
and the learning effect is difficult to sustain.
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The traditional teaching mode often ignores
the individual differences of students, and it is
difficult to meet the individual learning needs
of each student. Traditional teaching mode
attaches great importance to the teaching of
theoretical knowledge, but neglects the
cultivation of practical ability and
comprehensive quality, which is difficult to
meet the needs of students' innovation ability
and practical ability in the new era.
With the progress of science and technology
and the development of society, the
educational goal of the 21st century has
undergone a major change. Education in the
new era should not only impart knowledge, but
also cultivate students' innovative ability,
practical ability and comprehensive quality.
Chemistry is an experimental and applied
subject, so it is urgent to innovate its teaching
methods. In traditional chemistry teaching,
teachers often give lectures and students listen
to lectures in class and consolidate knowledge
by doing exercises after class. Although this
teaching method can help students master the
basic knowledge of chemistry, it is difficult to
stimulate their interest in learning, even more
difficult to cultivate their innovative ability and
practical ability.
Chemistry, as an experimental and applied
subject, has a complex knowledge system and
strong practicability. Chemical knowledge
includes not only the theoretical part, but also a
lot of experimental operation and application
practice. In the traditional chemistry teaching,
students often spend a lot of time on the study
of theoretical knowledge, and lack sufficient
opportunities for experimental practice. This
teaching mode leads to the lack of students'
understanding and application ability of
theoretical knowledge, and it is difficult to
combine what they have learned with practical
life and production, which limits the
cultivation of their comprehensive quality and
innovation ability.
Under this background, the application of PBL
in chemistry teaching is particularly important
and urgent. Through the design and
implementation of practical projects, PBL
combines the learning of chemical knowledge
with practical life and production, which can
effectively stimulate students' learning interest
and initiative, and improve their practical
ability and innovation ability. For example, by
designing and implementing a "green

chemistry" project, students can understand the
application of chemistry in the field of
environmental protection, master the basic
principles and methods of green chemistry, and
cultivate environmental awareness and social
responsibility. In this process, students not
only have to consult the relevant information,
design the experimental scheme, carry out the
experimental operation, but also analyze the
experimental results, write the experimental
report, and finally complete the project task.
Through this series of practical activities,
students can not only deepen their
understanding of chemistry knowledge, but
also improve their self-learning ability,
teamwork ability and problem-solving ability.
The application of PBL in chemistry teaching
can not only effectively improve students'
learning effect and comprehensive quality, but
also promote teachers' professional
development. By participating in PBL teaching,
teachers can continuously improve their
teaching ability and professional quality,
master more teaching methods and skills,
broaden their teaching horizons and improve
teaching effects. At the same time, PBL can
also promote the optimal allocation and
effective use of educational resources, and
promote the equality and quality of education.
As an innovative teaching method, project-
based learning has wide application prospect
and far-reaching educational significance. The
application of PBL in chemistry teaching can
effectively improve students' learning effect
and comprehensive quality, cultivate their
innovative ability and practical ability, and
promote education reform and development.
Through this research, we hope to provide
valuable reference and guidance for the
theoretical basis and practical application of
PBL in chemistry teaching, and contribute to
the reform and development of education.

1.2 Research Significance
This study aims to explore the theoretical basis
and application value of project-based learning
in chemistry teaching, especially its practical
potential in middle school and higher
education. Through the in-depth analysis and
discussion of PBL theory, it is expected to
provide a creative and effective teaching mode
for chemistry teaching and improve students'
learning effect and comprehensive quality. At
the same time, combined with the spirit of the
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second meeting and the latest trend of
education reform, the core role of PBL in
promoting education equity, cultivating
students' social responsibility and green
chemistry education is discussed, so as to
provide theoretical support and practical
guidance for future education reform.

1.3 Review of Research Status at Home and
Abroad
Project-Based Learning (PBL), as a student-
centered teaching method, has been widely
concerned and applied in the world in recent
years. PBL emphasizes knowledge building
and skill development through the completion
of practical projects, and is particularly
suitable for highly experimental disciplines
such as chemistry. This paper will make a
comprehensive review on the research status of
project-based learning in chemistry teaching at
home and abroad in combination with the spirit
of the two meetings and the current social hot
spots and concerns.
In our country, the research on the application
of project-based learning in chemistry teaching
is increasing gradually, mainly concentrated in
middle school and higher education stage. In
his doctoral thesis, Yang Rongmi (2024)
discussed in detail the theoretical exploration
and practical research of project-based learning
mode in chemistry teaching in middle schools,
and pointed out that PBL can effectively
improve students' autonomous learning ability
and scientific literacy. Liu Juanjuan (2022)
emphasized the application of PBL in high
school chemistry experiment teaching in her
research, believing that this teaching mode can
stimulate students' learning interest and
innovation ability. Ye Jianwei and Liu Ruting
(2019) discussed the role of PBL in promoting
the cultivation of core literacy in chemistry
through specific teaching cases, arguing that
PBL can help students better understand and
apply chemistry knowledge. Yan Binghe (2023)
proposed specific application strategies of PBL
from the perspective of junior high school
chemistry teaching, emphasizing the key role
of teachers in project design and
implementation. Zhu Chunjian (2022) and
Ding Hao et al. (2022) discussed the design
and practice of PBL from the perspectives of
high school chemistry experiment teaching and
real situation teaching respectively, believing
that PBL can effectively improve students'

practical ability and problem-solving ability. Li
Jing (2019) discussed the application of PBL
in organic chemistry experiment teaching in
his research, believing that this teaching mode
can help students better master experimental
skills and theoretical knowledge.
In the world, project-based learning has also
received wide attention. The foreign researches
mainly focus on the theoretical basis,
implementation strategy and effect evaluation
of PBL. In his research, Mosston(1999)
discussed the effect of direct teaching on tennis
technology teaching. Although the research
objects were different, his research methods
and conclusions had certain reference value for
the application of PBL in chemistry teaching.
Foreign research also emphasizes the
application of PBL in interdisciplinary
teaching. Liu Juan (2010) discussed the
application of mathematics project-based
learning in higher vocational education in her
research, and believed that PBL could
effectively improve students' comprehensive
quality and vocational ability. Wang Chunlian
(2020), on the other hand, discussed the
application of PBL in thematic comprehensive
practice activities in high school English,
believing that this teaching mode can help
students better understand and apply language
knowledge. Foreign research has also focused
on the use of PBL in science, technology,
engineering and mathematics (STEM)
education. Hu Bozao (2024) discussed the
method and practice of color theory teaching in
junior high school art education in his research.
Although the research object is different, his
research method and conclusion have certain
reference value for the application of PBL in
chemistry teaching.
In combination with the spirit of the two
meetings, the state emphasizes that education
should serve the national development strategy
and cultivate high-quality talents with
innovative spirit and practical ability. As a
student-centered teaching method, project-
based learning can effectively improve
students' innovative ability and practical ability,
which is in line with the requirements of the
national education reform. In the current social
hot spots, green chemistry and sustainable
development have become the focus of global
attention. The application of PBL in chemistry
teaching can help students understand and
apply the concept of green chemistry through
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the design and implementation of practical
projects, and cultivate their environmental
awareness and social responsibility. For
example, Lu Hongxia (2022) discussed the
project-style teaching design and research of
the "Research and practice" column of high
school chemistry under the STSE concept in
her research, and believed that PBL could help
students better understand and apply the
concept of green chemistry. With the
development of information technology, digital
teaching has become an important direction of
educational reform. The application of PBL in
chemistry teaching can improve the teaching
effect and students' learning experience
through the use of digital tools. For example,
Zhang Wenzeng (2021) discussed the research
on project-based teaching of chemistry
experiments in high school under the STEAM
concept in his research, believing that PBL can
improve students' learning effect and
experience through the use of digital tools.
To sum up, the research on project-based
learning in chemistry teaching at home and
abroad has achieved certain results, but there
are still many problems that need to be further
explored. Future studies can further explore the
application strategies and effect evaluation of
PBL in chemistry teaching, especially how to
improve students' innovative ability and
practical ability through PBL, and cultivate
their environmental awareness and social
responsibility in combination with the spirit of
the two meetings and current social hot spots.
Through the comprehensive review of the
research status at home and abroad, we can
find that the application of project-based
learning in chemistry teaching has broad
prospects and important practical significance.
It is hoped that the future research can further
deepen the theoretical discussion and practical
application of PBL, and provide strong support
for the reform and development of chemical
education.

1.4 Research Objectives and Research
Questions
The main purpose of this study is to explore
the theoretical basis and application value of
project-based learning in chemistry teaching,
especially its practical potential in middle
school and higher education. Specific research
questions include: What is the theoretical basis
of PBL in chemistry teaching? What are the

application strategies and implementation
paths of PBL in chemistry teaching? What are
the theoretical advantages and limitations of
PBL in improving students' learning effect and
comprehensive quality? How to combine the
spirit of the two conferences with the latest
trend of educational reform to promote the
application of PBL in chemistry teaching?

2. Overview of Project-Based Learning
Theory

2.1 Definition and Characteristics of
Project-Based Learning
Project-based learning is a student-centered
teaching method that promotes knowledge
building and skill development by involving
students in the design and implementation of
practical projects. The core characteristics of
PBL include: taking the project as the carrier,
emphasizing students' active participation and
independent learning; Focus on process
evaluation, through the completion of the
project to evaluate the learning effect of
students; It emphasizes interdisciplinary
integration and cultivates students'
comprehensive quality and innovative ability
through the design and implementation of
projects.

2.2 Theoretical Basis of Project-Based
Learning
The theoretical basis of project-based learning
mainly includes constructivism theory,
situational learning theory and cognitive
science theory. Constructivism theory holds
that knowledge is not passively received by
teachers, but acquired by students' active
construction. Through the design and
implementation of practical projects, PBL
provides a rich learning context that facilitates
the construction of students' knowledge. The
theory of contextual learning emphasizes the
situationality in the learning process, and holds
that the learning and application of knowledge
are inseparable. Through the design and
implementation of real projects, PBL provides
a rich learning context that facilitates the
application and transfer of students' knowledge.
The theory of cognitive science emphasizes the
cognitive activities in the process of learning
and considers that learning is a complex
cognitive process. Through the design and
implementation of the program, PBL provides
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a wealth of cognitive activities that promote
the cognitive development of students.

2.3 Educational Value of Project-Based
Learning
The value of project-based learning in
education is mainly reflected in the following
aspects. First of all, PBL can effectively
enhance students' learning motivation and
interest. By participating in the design and
implementation of practical projects, students
can experience the fun and sense of
achievement of learning, and enhance the
initiative and enthusiasm of learning. Secondly,
PBL can effectively improve students'
innovative ability and practical ability. By
participating in the design and implementation
of practical projects, students are able to
develop innovative thinking and problem-
solving skills, and enhance practical ability and
comprehensive quality. In addition, PBL can
promote students' ability to cooperate and team
spirit. By participating in the design and
implementation of team projects, students are
able to learn to work with others and develop
teamwork and cooperation skills.

3. Characteristics and Needs of Chemistry
Teaching

3.1 Knowledge Structure and Logical
Relationship of Chemistry
Chemistry, as a natural science, has a strict
knowledge structure and logical relationship.
Chemical knowledge includes the composition,
structure, properties and changes of substances,
and involves a large number of experiments
and practical activities. Chemistry teaching
requires students to master basic chemical
concepts and principles, understand the
mechanism and laws of chemical reactions,
and cultivate the ability of scientific inquiry
and experimental operation.

3.2 Traditional Methods and Challenges of
Chemistry Teaching
Traditional chemistry teaching methods are
mainly taught by teachers, and students
passively accept knowledge, lacking active
participation and practice opportunities.
Although this teaching method can impart a lot
of knowledge in a short time, it is difficult to
stimulate students' learning interest and
innovation ability, and it is difficult to meet the

needs of students' comprehensive quality
training in the new era. With the deepening of
education reform, the traditional teaching
method has gradually exposed its limitations
and is difficult to meet the requirements of
chemistry teaching in the new era.

3.3 Requirements and Expectations of
Chemistry Teaching in the New Era
The new era puts forward higher requirements
and expectations for chemistry teaching.
Chemistry teaching should not only impart
basic chemical knowledge and skills, but also
cultivate students' innovative ability and
practical ability, and enhance their
comprehensive quality and social
responsibility. Chemistry teaching needs to
stimulate students' learning interest and
motivation through effective teaching methods,
cultivate their scientific inquiry and
experimental operation ability, and enhance
their innovative thinking and problem-solving
ability.

4. The Application Theory of Project-Based
Learning in Chemistry Teaching

4.1 Constructivism Theory and Project-
Based Learning
Constructivism theory holds that knowledge is
not passively received by teachers, but
acquired by students' active construction.
Through the design and implementation of
practical projects, PBL provides a rich learning
context that facilitates the construction of
students' knowledge. In chemistry teaching,
PBL provides a rich learning context through
the design and implementation of practical
projects to promote students' understanding
and application of chemical knowledge. For
example, through the design and
implementation of chemical experiment
projects, students are able to understand and
apply chemical concepts and principles in
practical operations, enhancing their
knowledge building skills.

4.2 Application of Situational Learning
Theory in Chemistry Teaching
The theory of contextual learning emphasizes
the situationality in the learning process, and
holds that the learning and application of
knowledge are inseparable. Through the design
and implementation of real projects, PBL
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provides a rich learning context that facilitates
the application and transfer of students'
knowledge. In chemistry teaching, PBL
provides rich learning situations through the
design and implementation of real chemistry
projects, which promotes the application and
transfer of students' chemical knowledge. For
example, through the design and
implementation of green chemistry projects,
students are able to understand and apply the
concepts of green chemistry in practical
operations, enhancing their knowledge
application and transfer ability.

4.3 Project-based Learning From The
Perspective of Cognitive Science
The theory of cognitive science emphasizes the
cognitive activities in the process of learning
and holds that learning is a complex cognitive
process. Through the design and
implementation of the program, PBL provides
a wealth of cognitive activities that promote
the cognitive development of students. In
chemistry teaching, PBL provides a wealth of
cognitive activities through the design and
implementation of complex chemistry projects
that promote the cognitive development of
students. For example, through the design and
implementation of research projects on
chemical reaction mechanisms, students are
able to understand and apply the mechanisms
and laws of chemical reactions in practical
operations, enhancing their cognitive
development.

5. Design and Implementation Strategies of
Project-Based Learning

5.1 Project-Based Learning Design
Principles
The design of project-based learning needs to
follow certain principles to ensure its
effectiveness and operability. The design of the
project needs to be aligned with the course
objectives and the learning needs of the
students, ensuring that the content and
difficulty of the project is appropriate to the
learning level of the students. The design of
the project needs to pay attention to the
process evaluation, through the completion of
the project to evaluate the learning effect of
students. The design of the project needs to
pay attention to interdisciplinary integration,
through the design and implementation of the

project, to cultivate students' comprehensive
quality and innovation ability.

5.2 Implementation Steps of Project-Based
Learning
The implementation of project-based learning
needs to go through certain steps to ensure its
effectiveness and operability. Teachers need to
clarify the objectives and requirements of the
project and design a specific project plan.
Students are required to design and implement
projects in groups under the guidance of
teachers. During the implementation of the
project, teachers need to provide guidance and
support to students to help them solve
problems. Students need to summarize and
reflect on the completion of the project, and
evaluate their learning effects and gains.

5.3 Teacher's Role in Project-Based
Learning
In project-based learning, the role of the
teacher has undergone an important shift.
Teachers are no longer the imparts of
knowledge, but the guides and supporters of
students' learning. Teachers are required to
provide guidance and support in the design and
implementation of projects to help students
solve problems. At the same time, teachers also
need to evaluate and feedback students'
learning process to help students constantly
improve and enhance their learning results.

6. Theoretical Advantages And Limitations
Of Project-Based Learning

6.1 Analysis of Theoretical Advantages of
Project-Based Learning
The theoretical advantages of project-based
learning in chemistry teaching are mainly
reflected in the following aspects. First of all,
PBL can effectively enhance students' learning
motivation and interest. By participating in the
design and implementation of practical
projects, students can experience the fun and
sense of achievement of learning, and enhance
the initiative and enthusiasm of learning.
Secondly, PBL can effectively improve
students' innovative ability and practical ability.
By participating in the design and
implementation of practical projects, students
are able to develop innovative thinking and
problem-solving skills, and enhance practical
ability and comprehensive quality. In addition,
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PBL can promote students' ability to cooperate
and team spirit. By participating in the design
and implementation of team projects, students
are able to learn to work with others and
develop teamwork and cooperation skills.

6.2 Potential Problems of Project-Based
Learning in Chemistry Teaching
Although project-based learning has
significant theoretical advantages in chemistry
teaching, there are also some potential
problems in its practical application. The
implementation of PBL requires teachers to
have high professional quality and teaching
ability, and teachers need to invest a lot of time
and energy in the process of project design and
implementation. The implementation of PBL
requires students to have high independent
learning ability and cooperation ability, and
some students may have difficulty in adapting
to this teaching mode. The implementation of
PBL also requires adequate resources and
support from schools, and some schools may
struggle to meet these requirements.

6.3 Strategies to Overcome Limitations of
Project-Based Learning
In order to overcome the limitations of project-
based learning in chemistry teaching, the
following strategies can be adopted. Teachers
need to continuously improve their
professional quality and teaching ability, and
master the design and implementation methods
of PBL through training and further study.
During the implementation of the project,
teachers should provide guidance and support
to students to help them improve their
independent learning ability and cooperation
ability. Schools need to provide adequate
resources and support to create good
conditions for the implementation of PBL.

7. Project-based Learning That Combines
the Spirit of The Two Societies

7.1 Project-based Learning from The
Perspective of Educational Equity
In combination with the spirit of the two
meetings, the state emphasizes that education
should serve the national development strategy
and cultivate high-quality talents with
innovative spirit and practical ability. As a
student-centered teaching method, project-
based learning can effectively improve

students' innovative ability and practical ability,
which is in line with the requirements of the
national education reform. From the
perspective of educational equity, PBL can
promote educational equity and social equity
by providing equal learning opportunities for
all students through the design and
implementation of programs.

7.2 Social Responsibility Training and
Project-Based Learning
In combination with the spirit of the two
assemblies, the state emphasizes that education
should cultivate students' sense of social
responsibility and citizenship. Through the
design and implementation of practical
projects, project-based learning can help
students understand and apply the concept of
social responsibility and cultivate their sense
of social responsibility and citizenship. For
example, through the design and
implementation of green chemistry projects,
students can understand and apply the concepts
of green chemistry in practical operations, and
enhance their environmental awareness and
social responsibility.

7.3 Green Chemistry Education and
Project-Based Learning
Combining the spirit of the two societies with
the current social hot spots, green chemistry
and sustainable development have become the
focus of global attention. The application of
project-based learning in chemistry teaching
can help students understand and apply the
concept of green chemistry through the design
and implementation of practical projects, and
cultivate their environmental awareness and
social responsibility. For example, through the
design and implementation of green chemistry
projects, students can understand and apply the
concepts of green chemistry in practical
operations, and enhance their environmental
awareness and social responsibility.

8. Conclusion
Through discussing the theory of project-based
learning in chemistry teaching, the following
conclusions can be drawn. PBL has significant
theoretical value and practical potential in
chemistry teaching, which can effectively
improve students' learning effect and
comprehensive quality. The application of PBL
in chemistry teaching needs to follow certain
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design principles and implementation steps,
and teachers need to play a guiding and
supporting role in the process of project
implementation. The application of PBL in
chemistry teaching also needs to overcome
some potential problems, and create good
conditions for the implementation of PBL by
improving teachers' professional quality and
teaching ability, providing sufficient resources
and support.
Through the theoretical discussion of project-
based learning in chemistry teaching, this
study provides a creative and effective
teaching mode for chemistry teaching, and
improves the learning effect and
comprehensive quality of students. At the same
time, combined with the spirit of the second
meeting and the latest trend of education
reform, the core role of PBL in promoting
education equity, cultivating students' social
responsibility and green chemistry education is
discussed, so as to provide theoretical support
and practical guidance for future education
reform.
Future research may further explore the
application strategy and effect evaluation of
PBL in chemistry teaching, especially how to
improve students' innovative ability and
practical ability through PBL, and cultivate
their environmental awareness and social
responsibility. Future research can also
combine the development of information
technology to explore the application of digital
tools in PBL to improve teaching effect and
students' learning experience.
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