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Abstract: Analytical chemistry occupies an essential position within chemical education;
however, it faces numerous challenges, primarily concentrated around teaching modes and
methodologies, with the root cause identified in assessment standards. Initially, reforms in
the teaching of analytical chemistry courses should prioritize the update of assessment and
evaluation criteria, as the traditional evaluation system falls short in effectively enhancing
students' comprehensive and innovative capabilities. Subsequently, the purpose of assessing
students is to evaluate their learning levels and foster their individual development.
Therefore, in the process of educational reform, the innovation of assessment methods
plays a pivotal role, not only guiding the direction of reform but also verifying its outcomes.
Through an in-depth investigation of the current state of analytical chemistry teaching, this
paper proposes an integrated teaching strategy that combines online and offline modalities,
along with necessary reform measures. Furthermore, within ethnic colleges, the integration
of a strong sense of the Chinese national community consciousness in the teaching of
analytical chemistry holds significant importance for cultivating ethnic technical talents,
meeting societal demands, inheriting national culture, enhancing teaching quality, and
serving the development of ethnic regions.

1. Introduction

Analytical chemistry, as a pivotal branch within the realm of chemistry, dedicates itself to
unraveling the composition and properties of substances through a variety of methods, instruments,
and strategies, capturing information across spatial and temporal dimensions. It serves as a major
tool for humanity to interpret the natural world, its advancement inseparable from the mutual
reinforcement of chemical theories and techniques. In higher education, the analytical chemistry
course is a core compulsory class for students majoring in chemistry and related disciplines, closely
linked to experimental operations. Through the integration of experimental courses, students are
able to master precise quantitative analysis skills, cultivate strict and rigorous operational
capabilities, and a pragmatic scientific attitude, thereby enhancing their innovative thinking and
problem-solving abilities. Yet, the teaching of analytical chemistry is currently facing numerous
challenges that are in urgent need of resolution. To confront these challenges, numerous universities
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have embarked on in-depth teaching reforms and explorations in the contents, methods, and
channels of analytical chemistry teaching, especially achieving significant progress in the mixed
online and offline teaching model. The blended teaching model, a fusion of online and offline
education facilitated by information network technology, combines the diversity of online resources
with the flexibility of offline teacher-student interaction, becoming an important direction in the
teaching reform of universities. The teaching team at Tianjin University has been committed to
promoting a "blended"” teaching approach, centering on students, guiding them to actively explore,
effectively enhancing their self-learning, language expression, analytical induction, and teamwork
abilities, with teaching outcomes significantly surpassing traditional models [1]. The teaching team
led by Hu Ping at East China University of Science and Technology has adopted a "face-to-face +
internet” blended teaching model, utilizing mobile platforms like WeChat to strive for personalized,
targeted, and applicable talent training. Moreover, universities such as Shanghai Institute of
Technology and Northeast Agricultural University have also implemented blended teaching models
in their analytical chemistry courses, greatly stimulating students' enthusiasm and initiative for
learning, and significantly improving teaching quality [2]. In the implementation of blended
teaching, online and offline education do not exist in isolation but complement and promote each
other. Universities actively explore innovative teaching models such as MOOCSs, micro-lessons,
flipped classrooms, and divided classrooms, to achieve a perfect integration of online and offline
teaching. This reform is not only an innovative attempt in the field of education but also an
important manifestation of deepening educational reform and promoting the integration of online
and offline teaching in the knowledge economy era. The core of this educational reform project lies
in integrating various participatory teaching methods into course teaching, creating an equal,
interesting, and enjoyable learning environment through interactive teaching strategies. Whether
online or offline, we are committed to stimulating students' initiative and enthusiasm, enabling them
to learn through observation, experience, discovery, and reflection [3]. Additionally, the training of
ethnic technical talents has been somewhat overlooked in the teaching process. Ethnic culture is the
foundation and soul of a country, while skills are key to inheriting and developing this culture. The
progress and development of ethnic regions cannot do without the support of talents. In chemical
education, overlooking ethnic characteristics and regional differences can lead to teaching content
that is disconnected from the actual situation in ethnic regions. This not only affects students'
learning outcomes but also limits their future development potential in ethnic areas. Therefore, our
goal is to firmly grasp knowledge while expanding students' thinking, strengthening the
consciousness of the Chinese national community, and laying a solid foundation for cultivating
professionally skilled ethnic talents.

2. The Current State of Analytical Chemistry Teaching

Analytical chemistry is a core course for students majoring in chemistry and a foundational
course that science and engineering undergraduates must master. It profoundly influences
subsequent studies in chemistry and related fields, providing students with a solid theoretical
foundation for future chemical research. However, the teaching process faces several challenges.
Firstly, the singleness of teaching methods is evident. Currently, analytical chemistry primarily
employs a combination of PowerPoint presentations, blackboard writing, lectures, and classroom
discussions. This approach leads to a lack of interaction between students and teachers during class,
affecting teaching effectiveness and diminishing students' initiative in learning. Secondly, unclear
teaching objectives also pose a problem needing resolution. The current analytical chemistry
curriculum fails to meet the needs of students from different majors and fields. While students wish
for the course to cultivate their problem-solving abilities, educational institutions continue to
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emphasize the transmission of basic theoretical knowledge, leading to a lack of clarity among
educators about teaching objectives. Additionally, the singleness of evaluation methods warrants
attention. Assessments in analytical chemistry courses mainly rely on written scores from final
exams, lacking evaluation of experimental skills and practical abilities. This evaluation method
overlooks the cultivation of students' hands-on abilities and experimental skills, potentially
negatively impacting their future pursuits in chemistry-related fields or further studies. Lastly, the
issue of "fragmented” learning cannot be ignored. Traditional educational curricula overly focus on
theoretical explanations, lacking in practicality and interest, making it difficult to stimulate students'
learning interest. The lack of diversified teaching methods results in low identification with
knowledge among students. In the information age, faced with a vast amount of information, there
is a need to find more effective teaching methods to address these challenges. Students often lack
the motivation and capability for in-depth research when encountering difficulties, leading to
challenges in sustaining deep academic exploration. Additionally, while students' self-awareness
has increased due to the lack of real interaction, their spirit of cooperation and team consciousness
have gradually weakened, which is not conducive to improving their self-discipline and initiative.
Furthermore, in traditional analytical chemistry teaching, teachers usually adopt lecture-based
methods, becoming the core of teaching activities. In this mode, students often passively receive
knowledge and complete learning tasks. This teaching method not only struggles to effectively
cultivate various student abilities but also presents clear drawbacks. It overlooks students' individual
differences, such as cognitive levels, learning styles, and habits, which vary among students from
different provinces. However, the overly uniform traditional lecture method struggles to meet all
students' needs, potentially affecting their learning interest and enthusiasm. Additionally, this
teaching method lacks role transformation. To better expand students' breadth and depth of learning,
teachers need to transition from knowledge transmitters to knowledge facilitators, constructing
suitable learning resources and teaching methods based on students' needs. Yet, this role
transformation is often challenging to achieve in actual teaching processes, potentially affecting
classroom quality and efficiency and hindering students' comprehensive development. Moreover,
teachers' excessive focus on students' exam scores and knowledge mastery might lead to overly
theoretical, complex, and academic construction of teaching resources, making it difficult for
students to engage fully in the learning process. Finally, analytical chemistry involves numerous
and intricate knowledge points, and traditional teaching methods may struggle to complete teaching
tasks within limited class hours. While multimedia teaching methods can increase classroom
knowledge capacity, students may struggle to deeply understand the material due to the fast pace.
Overall, these issues limit students’ comprehensive development, affecting their learning interest
and enthusiasm. Therefore, there is a need to explore new teaching methods to better meet students'
needs and improve their learning outcomes. The online-offline integrated teaching of analytical
chemistry combines traditional classroom teaching with online teaching, fully utilizing the
advantages of internet technology and online teaching platforms to provide students with richer and
more flexible learning resources and methods. Additionally, the linkage between online and offline
teaching can achieve complementary and collaborative teaching, enhancing teaching effectiveness
and quality.

3. Reform of Analytical Chemistry Teaching Models

The rise of the blended learning model in the reform of analytical chemistry teaching models is
evident. This model combines the advantages of traditional learning methods with those of internet
learning, requiring teachers to integrate classroom teaching with information technology in course
design and knowledge transmission. This approach not only emphasizes the teacher's leading role in
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the teaching process but also fully reflects students' initiative, enthusiasm, and creativity in the
learning process. Moreover, this model facilitates timely feedback on students' learning outcomes,
allowing teachers to fully utilize the complementary advantages of online and classroom teaching,
thereby changing teaching methods. The reform measures include:

Building an Online Teaching Platform: Establish a dedicated analytical chemistry online
teaching platform to provide rich teaching resources, including PowerPoint presentations, videos,
experiment guides, exercises, etc., facilitating students' independent learning and preparation.

Conducting Online Live Teaching: Utilize live broadcasting technology to stream classroom
teaching online in real-time, allowing students unable to attend in person to participate in teaching,
and facilitating students' review after class.

Introducing Interactive Teaching Tools: Incorporate interactive teaching tools in online
teaching, such as polls, quick responses, discussion forums, etc., to increase student engagement
and promote interaction and cooperation among students.

Designing Offline Practical Activities: Tailor offline practical activities, such as experimental
operations and field visits, to consolidate theoretical knowledge through practice and enhance
practical skills.

Reforming Assessment Methods: Include online learning and offline practical activities in the
assessment system, employing diversified assessment methods like online tests, assignments, lab
reports, group projects, etc., to comprehensively evaluate students' learning outcomes.

The specific implementation plans include adjusting course structure and arrangements to adapt
to the new blended teaching model and constructing online resources to enhance student initiative.
In key sections, carefully arranged exercises solidify knowledge and test learning outcomes, with
feedback not limited to online tasks but also vividly demonstrating students' understanding or
application of knowledge. Encouraging students to articulate complex knowledge points in diverse
forms during theoretical lessons, with the rapid development of online teaching, the exploration of
new teaching models using excellent micro-lessons and MOOC platforms has become an important
part of university teaching reform. This model inverts the traditional learning process, with students
autonomously learning new knowledge through videos and readings before class, while class time is
mainly for discussion, problem-solving, and deepening understanding. This model fosters students'
self-learning abilities and critical thinking, improving teaching outcomes. To effectively achieve
teaching objectives, various interactive teaching modes are employed, each with unique features
suitable for different teaching contents and objectives. In the classroom, interactive teaching around
themes stimulates students' interest and promotes deep understanding and application of knowledge.
To fully engage students in deep discussions, methods such as interactive problem induction, case
interactive teaching, and multi-dimensional dialectical interaction are used, creating a vibrant
classroom atmosphere and allowing students to analyze issues deeply. Through implementation, the
effectiveness and quality of analytical chemistry teaching can be enhanced, cultivating students'
self-learning, practical skills, and innovative spirit, aligning with modern education trends.
However, it's important to adjust and optimize reform measures based on actual situations to meet
diverse student learning needs and teaching objectives.

4. Innovations in Teaching Methodologies
4.1 The Practical Application of “Project-Oriented, Task-Driven” Teaching Methods

In the implementation of the “Project-Oriented, Task-Driven” teaching methodology, instructors
are required to prepare in advance and assign tasks clearly to students. This approach transforms
traditional teaching content into learning-oriented tasks or problems, providing students with ample
preparation time and encouraging independent thinking in devising methods and action plans for
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problem-solving. Under this paradigm, students become the main actors in practical learning,
mastering fundamental theories and enhancing their problem-solving abilities, moral sentiments,
and experiencing firsthand the challenges and satisfaction derived from project completion.
Instructors design projects with practicality and job specificity, requiring independent completion
by students. In this role, instructors serve as consultants, guides, and solvers of queries and
difficulties. By setting clear project objectives and creating real teaching scenarios, students engage
in exploratory learning with authentic tasks, a method congruent with the philosophy of inquiry-
based learning. This fosters students' innovative potential and their abilities to analyze and resolve
issues independently. By guiding students through a series of projects ranging from simple to
complex and easy to difficult, their enthusiasm and initiative for learning are stimulated, thus
enhancing their comprehensive practical abilities to tackle real-world problems.

4.2 Application of PBL (Problem-Based Learning) in Analytical Chemistry

The PBL (Problem-Based Learning) method, a pedagogical approach oriented around problem-
solving introduced by American neurology professor Barrows in 1967, has gained widespread
popularity globally [4]. Unlike traditional teacher-centered approaches, PBL emphasizes a student-
centric model, with problems forming the core of classroom design. The PBL process involves
posing questions, independent student learning, facilitating classroom discussions, and instructor-
led summarization. In applying PBL, instructors transition to roles of problem presenters and
facilitators, encouraging students to engage in critical thinking, research, and strategizing solutions.
This not only promotes active learning but also develops critical thinking and problem-solving
skills. Participation in discussions allows students to share insights, deepening their understanding
of issues, while instructor summaries help integrate disparate knowledge into a cohesive framework.
Effective control of classroom discussions is crucial, guiding students in in-depth exploration of
posed questions and encouraging independent and rational solution-seeking. This educational style
creates a dynamic, positive learning environment, subtly nurturing students' proactivity and
creativity. Students become active seekers of knowledge and solvers of problems, mastering
strategies through discussions, research, and interactions with instructors, marking a transition from
learning knowledge to learning how to learn. The adoption of PBL enhances learning outcomes and
stimulates curiosity and exploration among students.

4.3 Integration of Ethnic Characteristics and Diversified Evaluation

In teaching analytical chemistry, in-depth explanations of complex topics are essential.
Innovative teaching methods like discussion courses, project-based research, and blended learning
have revitalized classrooms, significantly boosting student engagement and enthusiasm. Employing
problem-oriented methods aims to spark curiosity and the desire for exploration. At the course's
conclusion, diversified evaluation methods are employed to assess students' learning outcomes
comprehensively and impartially. Notably, the successful incorporation of traditional cultural
elements into course content has not only enriched teaching material but also significantly increased
student interest. Special emphasis is placed on reflecting ethnic characteristics in training skilled
ethnic talents [5]. By integrating the actual conditions and unique resources of ethnic regions,
teaching and research in analytical chemistry with ethnic characteristics are conducted to nurture
talents who can contribute to the development of these regions. Additionally, there is a focus on
preserving and promoting excellent national traditions, fostering students' cultural confidence and
ethnic pride. Throughout this process, students' overall quality is enhanced, balancing professional
knowledge with emotional, ethical, and moral development, showcasing higher social responsibility
and humanistic care.
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5. Conclusions

Currently, the teaching of analytical chemistry faces numerous unresolved issues, with
significant room for improvement in teaching models and methodologies across universities.
Traditional teaching methods are increasingly unable to meet the current needs, necessitating a
transformation in both teaching models and methods to adapt to the evolving landscape of education
and instruction. Simultaneously, in the reform of analytical chemistry course teaching, the overhaul
of course assessment and evaluation standards is of paramount importance. The old assessment
system struggles to meet the demand for enhancing students' comprehensive abilities and offers
limited support for the improvement of students' innovation and adaptability skills. Thus, there is a
pressing need to establish a new assessment system that more comprehensively evaluates students'
learning outcomes and overall abilities. Assessing students serves not only to gauge their level of
understanding but also to uncover their potential and strengths, providing robust support for their
future development. In this process, emphasis should be placed on the holistic development of
students, nurturing their spirit of innovation and practical skills to better align with societal needs
and progress. Deepening educational reform to foster individual student development has become
increasingly critical in the current wave of educational reforms. Achieving this goal crucially
depends on the reform of assessment methods, which play a vital role in guiding the direction of
reform and serving as a key indicator of its success. In teaching chemistry, we must focus not only
on imparting knowledge but also on cultivating students' practical abilities and innovative spirit.
This calls for an open and inclusive attitude toward exploring and experimenting with new teaching
strategies and methodologies. The concepts of strengthening the sense of the Chinese national
community and solidifying the training of ethnic skill-based talents offer fresh perspectives and
approaches. By emphasizing the training of ethnic skill-based talents, we not only better meet
societal demands but also contribute to the preservation and promotion of national culture.
Moreover, this approach is crucial for enhancing teaching quality and serving the development of
ethnic regions. Therefore, in the teaching of analytical chemistry, integrating this concept into daily
instruction is essential, enabling students to develop their practical abilities and innovative spirit
alongside acquiring knowledge. In summary, the ultimate goal of educational reform is to promote
the individual development of students, with the reform of assessment methods being key to
achieving this objective. In the teaching of analytical chemistry, an open and inclusive approach
toward exploring new teaching strategies and methodologies is essential, ensuring a robust
foundation for the comprehensive development of students.
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