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ABSTRACT

	[bookmark: _GoBack]For integrated teaching to be implemented effectively in educational institutions, comprehensive preparation is required in terms of curriculum design, teaching materials, facilities, and teachers’ professional competencies. Applying active teaching methods has become a dominant trend in current educational research and practice. Integrated teaching of selected topics within the Oxygen – Sulfur content is considered an effective approach to developing learners’ competence in applying knowledge and skills. This paper examines the theoretical foundations, analyzes the current situation, proposes solutions and to practical for organizing integrated teaching in the Oxygen – Sulfur course in Vietnam. The incorporation of real-world problems, interdisciplinary projects, and practical case studies enhances learners’ engagement and motivation, while also strengthening their ability to connect theoretical knowledge with practice. A variety of learning activities were employed, including group discussions, document analysis, problem-based tasks, and group presentations. Throughout the process, students were encouraged to use previously learned knowledge to explain phenomena, construct scientific arguments, and relate chemical concepts to industrial production and everyday life.



Keywords: teaching, chemistry, skills, integration

1. INTRODUCTION






The integrated teaching approach aims to form and develop essential competencies for learners, with particular emphasis on the ability to apply knowledge to effectively solve real-life situations. Through the integration of educational content into existing subjects, teachers organize appropriate teaching activities and directly guide learners in collecting, selecting, and processing information, as well as applying knowledge and skills to address problems in learning and everyday life. As a result, learners’ learning experiences become more meaningful, contributing to the development of problem-solving competence and meeting the requirements of educational innovation.
The fundamental objective of integrated teaching is to establish a foundation for the comprehensive development of learners’ competencies, strengthen connections among subjects and different learning domains, and link knowledge with practice. This approach enables learners to access and acquire a broad system of human knowledge while minimizing content overlap between subjects. Integrated curricula are designed by embedding essential content into existing subject matter and supplementing it with selected advanced elements from international curricula to enhance educational quality. Consequently, learners have opportunities to develop foreign language competence, update new knowledge, and continuously improve themselves to meet the demands of international integration.
To date, integrated teaching has been studied from various perspectives, leading to the formation of multiple approaches. In practice, integrated teaching may be implemented through different forms, including integration by embedding or contextual linkage, integration through interdisciplinary knowledge application, and integration through full blending.
In addition to the aforementioned benefits, integrated teaching also contributes to redefining the roles of teachers and learners in the teaching–learning process. Teachers are not only transmitters of knowledge but also designers, organizers, and facilitators of experiential learning activities that enable learners to actively explore, construct knowledge, and develop essential skills. Learners shift from passive recipients to central participants in the learning process, actively engaging in diverse learning activities such as group discussions, case studies, project-based learning, and practice-oriented tasks. Through these activities, competencies such as critical thinking, collaboration, communication, creativity, and self – directed learning are formed and sustainably developed.
However, for integrated teaching to be implemented effectively in educational institutions, comprehensive preparation is required in terms of curriculum design, teaching materials, facilities, and teachers’ professional competencies. Providing professional development for teachers in integrated teaching methods, developing flexible teaching plans, and assessing learning outcomes based on a competency-oriented approach are crucial factors that contribute to improving educational quality and meeting the requirements of fundamental and comprehensive educational reform in the current context.
Moreover, the effectiveness of integrated teaching largely depends on the consistency between instructional design and learners’ real learning experiences. Meaningful integration requires that learning tasks be situated in authentic contexts, allowing learners to perceive the relevance of knowledge and actively transfer it across different situations. The incorporation of real-world problems, interdisciplinary projects, and practical case studies enhances learners’ engagement and motivation, while also strengthening their ability to connect theoretical knowledge with practice. Through continuous reflection and feedback, integrated teaching supports learners in developing adaptive learning strategies and lifelong learning competencies, thereby reinforcing the long-term impact of this approach on both academic achievement and professional readiness.

2. General Theoretical Framework of the Integrated Teaching Method

Resolution No. 29-NQ/TW dated November 4, 2013, of the 8th Plenary Session of the 11th Central Committee on fundamental and comprehensive reform of education and training emphasized the need to continue strongly innovating teaching and learning methods in a modern direction. The Resolution highlights the promotion of learners’ activeness, initiative, creativity, and competence in applying knowledge and skills, while overcoming one-way knowledge transmission and rote memorization. It also underscores the importance of teaching learners how to learn and how to think, encouraging self-directed learning, diversifying forms of learning organization, and enhancing the application of information technology in teaching. In this context, improving learning quality through the innovation of teaching methods, especially the application of active teaching approaches, has become an urgent requirement of contemporary education.
Integrated teaching programs demonstrate many outstanding advantages, notably the renewal of teaching organization toward a learner-centered approach, strengthening interaction between teachers and learners, reducing excessive theoretical content, and increasing practical learning time. As a result, learners are better able to master core knowledge, develop practical skills, and reduce learning pressure. Integrated teaching content can be implemented at various levels, including intradisciplinary integration, multidisciplinary integration, interdisciplinary integration, and transdisciplinary integration.
Intradisciplinary integration refers to the organization of teaching within a single subject, in which teachers flexibly combine topics, content, and methods to help learners achieve deep understanding and effective knowledge application. Multidisciplinary integration involves combining topics from different subjects around a common theme, often implemented through experiential activities or project-based learning. Interdisciplinary integration emphasizes mobilizing knowledge from various subjects to address shared problems, thereby enabling learners to apply knowledge in a comprehensive manner. Transdisciplinary integration represents the highest level, in which learners apply knowledge and skills from multiple subjects to solve real-life situations or carry out comprehensive learning projects.
In addition to these classifications, current teaching practice commonly employs three popular forms of integration: embedding or contextual linkage, interdisciplinary knowledge application, and blending. Embedding or contextual linkage integrates educational content and real-world issues into the core content of a subject to enhance the attractiveness and relevance of lessons. Interdisciplinary knowledge application requires learners to draw on knowledge from different subjects to solve given problems while maintaining the systematic structure of each individual subject. Blending represents a high level of integration, in which learning content is constructed by combining knowledge from multiple subjects within a unified theme, without separating content by individual disciplines.
In teaching, the integrated approach plays an important role in organizing learning activities that promote learners’ activeness and initiative. The application of integrated teaching enables learners not only to master knowledge but also to relate and apply knowledge and skills to practical situations. Through integrated learning activities such as discussions, problem-solving, and practice, learners have opportunities to develop logical thinking, critical thinking, and collaborative skills. With notable advantages such as flexibility, reduced content overload, enhanced practical relevance, and suitability for diverse learner groups, integrated teaching is increasingly being widely applied in educational institutions. This approach contributes to helping learners grasp core knowledge, develop essential skills, and establish a solid foundation for lifelong learning as well as future professional practice.
Building on the above theoretical foundations, the effective implementation of integrated teaching requires systematic planning and close alignment among learning objectives, instructional content, teaching methods, and assessment strategies. In practice, instructors need to design meaningful learning activities that connect knowledge across disciplines while ensuring scientific rigor and coherence. Integrated themes should be selected based on real-world contexts or professional issues relevant to learners’ academic and occupational orientations, thereby enhancing learning motivation and engagement.
Assessment in integrated teaching should move beyond traditional content-based examinations toward competency-oriented evaluation. A variety of assessment methods, such as performance-based tasks, project products, presentations, reflective reports, and collaborative assignments, can be employed to capture learners’ ability to apply knowledge and skills in authentic contexts. Formative assessment plays a crucial role by providing timely feedback, supporting continuous improvement, and enabling instructors to adjust teaching strategies in response to learners’ needs.
The successful adoption of integrated teaching also depends significantly on instructors’ professional capacity. Instructors are expected not only to possess solid subject-matter expertise but also to have interdisciplinary understanding, instructional design skills, and the ability to facilitate learner-centered and experiential learning activities. Therefore, professional development programs focusing on integrated curriculum design, active learning methodologies, and competency-based assessment are essential to enhance teaching effectiveness.
Furthermore, adequate learning resources and supportive learning environments are indispensable conditions for integrated teaching. The effective use of information and communication technologies, digital learning platforms, and open educational resources facilitates interdisciplinary connections and promotes learners’ autonomy in knowledge exploration. When implemented effectively, integrated teaching helps bridge the gap between theory and practice, fosters critical thinking, creativity, and problem-solving competence, and better prepares learners to meet the demands of educational reform and the rapidly changing labor market.
In addition, the implementation of integrated teaching should be accompanied by institutional support mechanisms to ensure sustainability and effectiveness. Educational institutions need to provide flexible curricula, appropriate policies, and sufficient resources that enable instructors to design and implement integrated learning activities. Collaboration among departments and disciplines should be encouraged to create coherent learning pathways and avoid fragmentation of knowledge. Such collaboration also facilitates the sharing of teaching experiences, instructional materials, and assessment practices, thereby enhancing overall teaching quality.
Moreover, learners’ readiness and learning habits play an important role in the success of integrated teaching. Learners need to be gradually guided to adapt to active learning environments that require greater autonomy, responsibility, and collaboration. Through continuous exposure to integrated learning tasks, learners can develop self-regulation skills, reflective thinking, and the ability to transfer knowledge across contexts. These competencies are essential not only for academic success but also for professional development in a rapidly changing knowledge-based society.
Finally, the application of integrated teaching should be continuously evaluated and refined based on empirical evidence and feedback from both instructors and learners. Systematic research on learning outcomes, teaching effectiveness, and learner experiences can provide valuable insights for improving instructional design and implementation. By combining theoretical foundations with practical reflection and evidence-based improvement, integrated teaching can be further optimized to meet the evolving demands of education reform and contribute to the development of high-quality human resources in the modern era.

3. Application in Designing and Organizing Integrated Teaching for the Oxygen – Sulfur Course
3.1 Characteristics of The Oxygen – Sulfur
The Oxygen – Sulfur content focuses on the study of the elements oxygen and sulfur and their important compounds. The objective of the course is to enable learners to present the position, outer-shell electron configuration, atomic and molecular structural characteristics of oxygen and sulfur, and to describe the physical properties, chemical properties, preparation methods, and applications of representative elements and compounds. At the same time, learners are required to explain the strong oxidizing properties of oxygen and ozone, as well as the oxidizing and reducing properties of sulfur, based on atomic and molecular structural characteristics.
In addition to knowledge formation, the course content also aims to develop learners’ competence in applying chemical knowledge and skills. Specifically, learners are able to predict the chemical properties of oxygen, sulfur, and certain compounds based on atomic structure, electronegativity, and oxidation states; observe and explain phenomena in relevant chemical experiments; independently conduct simple experiments; write chemical equations for oxidation–reduction reactions; and solve related problem types. Furthermore, learners are trained to develop activeness and initiative in individual learning and group activities, exploit experimental resources, and form a sense of responsibility in the use and handling of chemicals related to health, daily life, and the environment.
In the textile industry, knowledge of oxygen and sulfur is widely applied in various stages of production and textile material processing. Oxygen-based compounds such as hydrogen peroxide and ozone are commonly used in bleaching, cleaning, and finishing processes, contributing to improved product quality, enhanced whiteness, and increased color fastness of fabrics. In particular, the application of ozone technology in denim processing helps reduce water, energy, and chemical consumption, thereby minimizing negative environmental impacts.
In addition, sulfur and its compounds play an important role in textile dyeing technology, especially sulfur dyes used for cotton fibers. Oxidation–reduction reactions involving sulfur provide the basis for explaining dyeing mechanisms, color fixation, and post-dyeing treatments. Applying knowledge from the Oxygen – Sulfur course to textile practice helps learners develop problem-solving competence, understand the requirements of sustainable production, and enhance awareness of safe chemical use in industrial contexts.
Beyond industrial and textile applications, oxygen and sulfur play essential roles in many aspects of daily life, medicine, agriculture, and environmental protection. Oxygen is indispensable for respiration and metabolic processes in living organisms and is widely used in medical oxygen therapy to support patients with respiratory disorders. Ozone, an allotrope of oxygen, is applied in water and air purification systems due to its strong oxidizing ability, effectively eliminating microorganisms and organic pollutants without leaving harmful residues. In food preservation and household sanitation, ozone and oxygen-based compounds contribute to improving hygiene and extending product shelf life.
Sulfur and its compounds are also closely associated with everyday life. Sulfuric acid is one of the most important industrial chemicals, widely used in fertilizer production, petroleum refining, battery manufacturing, and wastewater treatment. In agriculture, sulfur-containing fertilizers improve soil quality and support plant growth by providing essential nutrients. Additionally, sulfur compounds are employed in pharmaceuticals, rubber vulcanization, and the production of detergents and personal care products.
From an environmental perspective, understanding the chemical behavior of oxygen and sulfur is crucial for addressing air pollution, acid rain formation, and corrosion processes. Knowledge of oxidation–reduction reactions involving sulfur oxides supports the development of effective strategies for emission control and environmental remediation. Therefore, integrating real-life applications of oxygen and sulfur into teaching not only enriches learners’ understanding of chemical concepts but also enhances their awareness of health, environmental sustainability, and responsible chemical use in everyday life.

3.2 Designing and Organizing Integrated Teaching for the Oxygen – Sulfur Course
Based on teaching practice and research related to oxygen and sulfur, to effectively apply the integrated teaching method in organizing instruction for selected topics, attention should be paid to the following key aspects:
First, regarding content knowledge: Teachers should guide learners to review and systematize previously acquired knowledge related to oxygen, sulfur dioxide, sulfuric acid, atomic structure, chemical bonding, and oxidation–reduction reactions. On this basis, learners apply the knowledge to explain the nature of the strong oxidizing properties of oxygen and ozone, the oxidizing and reducing properties of sulfur and sulfur dioxide, and the strong oxidizing property of sulfuric acid, while making connections to practical issues. Integrating prior knowledge with the formation of new knowledge helps learners consolidate core concepts. For compounds such as SO₂ and SO₃, structural formulas may be represented based on shared electron pairs or the octet rule, depending on the purpose of explaining specific properties.
Second, regarding teaching methods: As this course focuses on the study of specific substances, the knowledge formation process should be organized in the following sequence: analysis of atomic and molecular structural characteristics → prediction of chemical properties → verification and confirmation through experiments or scientific materials. Experiments should be carefully selected to avoid duplication of those already performed by learners. When studying molecular structure, problem-based learning and guided inquiry may be applied; for physical and chemical properties, visual methods, experiments, and chemical equations should be combined; for applications and production, active teaching techniques such as group work, projects, and dialogic discussion should be employed to clarify the relationship between properties and practical applications of substances.
Third, regarding the process of developing integrated teaching topics, the following steps should be followed:
Step 1: Study the theoretical foundations of integrated teaching.
Step 2: Analyze the curriculum and textbooks to identify closely related content connected to local, national, or global practical issues.
Step 3: Determine the integrated topic, participating subject areas, and implementation duration.
Step 4: Define integrated lesson objectives in terms of knowledge, skills, attitudes, and orientation toward developing competence in applying knowledge and skills.
Step 5: Develop the core content of the topic in alignment with objectives, learner characteristics, and practical conditions.
Step 6: Design guiding questions, recommend learning resources, and identify supporting instructional tools.
Step 7: Establish criteria for evaluating the level of achievement of the integrated topic and the effectiveness of developing learners’ competence in applying knowledge and skills.
In addition to the aspects mentioned above, attention should also be given to the organization of learning environments and assessment strategies to ensure the effectiveness of integrated teaching. Learning environments need to be flexible, allowing for a combination of classroom instruction, laboratory activities, and self-directed or collaborative learning supported by digital resources. The use of information and communication technology, such as simulations, virtual experiments, and online learning platforms, can enhance learners’ understanding of abstract chemical concepts and facilitate interdisciplinary connections.
Assessment in integrated teaching should be designed in alignment with learning objectives and focus on evaluating learners’ competence in applying knowledge and skills rather than solely recalling information. A combination of formative and summative assessment methods, including observation, project-based evaluation, presentations, and reflective tasks, can provide comprehensive evidence of learners’ learning outcomes. Through continuous feedback and reflection, learners are encouraged to actively adjust their learning strategies, thereby improving learning effectiveness and fostering lifelong learning habits. At the same time, strengthening collaboration among instructors of related courses contributes to improving the effectiveness of integrated teaching implementation, ensuring consistency in content and pedagogical approaches, and enabling learners to develop a holistic perspective and apply knowledge flexibly and effectively in both academic learning and professional practice.
In summary, the application of integrated teaching in the design and organization of the Oxygen – Sulfur course provides a coherent framework for connecting chemical theory with real-world contexts. By linking atomic and molecular structures, chemical properties, experimental activities, and practical applications, integrated teaching enables learners to develop a deeper and more meaningful understanding of core chemical concepts. The systematic combination of content knowledge, active teaching methods, and competency-oriented assessment not only enhances learners’ ability to apply knowledge and skills but also promotes critical thinking, problem-solving, and responsible attitudes toward chemical use. Moreover, the integration of applications related to industry, daily life, and environmental protection helps bridge the gap between academic learning and practical demands, thereby increasing the relevance and effectiveness of the course. Overall, integrated teaching proves to be a feasible and effective approach for organizing the Oxygen – Sulfur course, contributing to the development of learners’ professional competence and supporting the goals of educational innovation and sustainable development.

3.3 Practical implementation of integrated teaching
To examine the feasibility and effectiveness of the integrated teaching approach in developing students’ ability to apply knowledge and skills, a pilot implementation was conducted during the teaching of the Oxygen – Sulfur topic. This model was designed by integrating chemical knowledge with real-life situations related to industrial production, daily life, and environmental issues, thereby enabling learners to apply their knowledge to the analysis and solution of practical problems.
Context and participants
The integrated teaching activities were implemented within an undergraduate Inorganic Chemistry course, focusing on the Oxygen – Sulfur chapter. Approximately 40–50 undergraduate students participated in the pilot implementation. The participants were undergraduate students, mainly first- or second-year students majoring in natural sciences and engineering. These students had acquired foundational knowledge of atomic structure, chemical bonding, and oxidation–reduction reactions. The implementation was carried out over three to four class sessions, combining in-class instruction, group-based activities, and guided self-study.
Design of the integrated teaching topic
The integrated topic was centered on the issue: “The role of oxygen- and sulfur-containing compounds in textile dyeing and environmental protection.” This topic enabled the integration of chemical knowledge with technological, environmental, and real-life contexts, and was consistent with the orientation toward developing students’ ability to apply knowledge at the university level.
The instructional content was designed following a three-stage process. First, students reviewed and systematized foundational knowledge related to the structure and chemical properties of oxygen, ozone, sulfur, and several representative compounds. Second, real-world situations were introduced and analyzed, such as the use of hydrogen peroxide in textile bleaching, the role of sulfur dyes in the textile industry, and the environmental impacts of sulfur-containing compounds. Third, students were required to apply their knowledge to explain chemical phenomena, propose solutions, and present their findings.
Organization of learning activities
During the implementation, the lecturer played the role of designer and facilitator of learning activities. Students were divided into small groups, each assigned a specific task, such as investigating the chemical mechanism of bleaching with hydrogen peroxide, analyzing oxidation–reduction reactions in sulfur dyes, or evaluating the environmental impacts of sulfur dioxide (SO₂) and corresponding mitigation measures.
A variety of learning activities were employed, including group discussions, document analysis, problem-based tasks, and group presentations. Throughout the process, students were encouraged to use previously learned knowledge to explain phenomena, construct scientific arguments, and relate chemical concepts to industrial production and everyday life. The integration of theoretical knowledge with real-world contexts helped students better appreciate the relevance of chemical content and enhanced their learning motivation.
Assessment of learning outcomes
Student learning outcomes were assessed using multiple methods to provide a comprehensive evaluation of their competencies. Assessment criteria included the accuracy of chemical knowledge, the ability to apply knowledge to real-world problem solving, teamwork skills, and oral and written communication skills. The results indicated that most students were able to explain chemical phenomena related to oxygen and sulfur in practical contexts, while also demonstrating noticeable improvement in analytical thinking and the application of knowledge.
Compared with traditional teaching approaches, the integrated teaching model encouraged greater student engagement in the learning process, reduced rote learning, and enhanced students’ ability to connect chemical knowledge with real-world issues. Many students expressed positive attitudes toward this approach, noting that the learning content became more meaningful and relevant.
Remarks and implications of the case study
The implementation results demonstrate that integrated teaching in the Oxygen – Sulfur topic is feasible and appropriate in the context of undergraduate education, particularly for fostering students’ ability to apply knowledge and skills. The incorporation of real-life situations not only reinforced chemical knowledge but also contributed to the development of scientific thinking, environmental awareness, and social responsibility. This case study provides practical evidence supporting the effectiveness of the integrated teaching approach and serves as a basis for further research and broader implementation across other topics in undergraduate chemistry curricula.
4. Conclusion
Integrated teaching represents an effective pedagogical approach for fostering learners’ competence in applying knowledge and skills. Implementing this approach in the Oxygen – Sulfur course enables learners to consolidate core concepts while enhancing higher-order thinking, self-directed learning, and problem-solving capabilities. The findings demonstrate that integrated teaching is not only a feasible instructional approach but also well aligned with current educational reform requirements, contributing to improved teaching effectiveness and sustainable learner development.
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