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Abstract: Experimental teaching in chemical engineering is crucial in cultivating students’ innovative thinking and 
practical ability. However, traditional teaching methods face issues such as mainly focusing on verification experiments, 
insufficient integration of cutting-edge technologies, and lack of teamwork. This paper proposes a series of strategies to 
address these challenges, including optimizing experimental content, adopting diversified teaching methods, creating 
an open learning environment, strengthening industry connections, establishing an effective feedback and evaluation 
mechanism, and cultivating laboratory culture. By integrating cutting-edge technology into experiments, introducing 
teaching methods such as project-based learning and flipped classrooms, and creating a laboratory atmosphere that 
encourages questioning, exploration, and collaboration, students’ innovative thinking and practical ability can be 
stimulated, laying the foundation for their success in the ever-changing chemical industry.
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1. Introduction
Innovation thinking refers to a cognitive approach that transcends traditional thought patterns to seek novel 
solutions and ideas. This concept emphasizes multi-dimensional and multi-level thinking regarding problems, 
focusing on the recombination and application of existing knowledge and technologies [1]. The theoretical 
foundations of innovative thinking emerged in the 20th century, primarily through the work of Professor Joseph 
Schumpeter at Harvard University, who introduced the concept of innovation within the economic domain. Since 
then, innovative thinking has evolved into a framework that fosters the creation of entirely new and efficient 
solutions across various fields [2].

In contemporary education, particularly in disciplines such as chemical engineering, the importance of 
innovative thinking has never been more pronounced. As global challenges like climate change, resource 
depletion, and technological advancement intensify, there is a growing necessity to cultivate innovative thinkers 
capable of devising creative solutions. Historical figures like Schumpeter have highlighted the critical role of 
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innovation not only in economic growth but also as a fundamental aspect of education that addresses pressing 
global issues. In today’s digital landscape, data-driven innovation thinking has become a significant trend, 
enabling the collection, storage, and analysis of vast amounts of data, which offers unprecedented opportunities 
for innovation [3].

Emerging models of innovative thinking, such as cross-disciplinary innovation, platform-based collaborative 
innovation, human-centered innovation, and sustainability-oriented innovation, are continually reshaping how 
we approach problem-solving. These new paradigms stimulate imagination, facilitate cross-sector collaboration, 
promote resource sharing, and optimize allocation, ultimately leading to more efficient and rapid innovation. This 
dynamic landscape underscores the necessity for educational institutions to adapt their pedagogical strategies to 
include these models [4].

Moreover, the implementation of global policies emphasizing sustainable development places increased 
demands on the innovative growth of the chemical engineering sector. Within this context, innovative thinking 
has surfaced as a crucial driver of technological advancement and industrial upgrading. Laboratory instruction 
in chemical engineering plays a pivotal role in nurturing students’ innovative thinking and practical skills. 
Therefore, timely reforms and innovations in laboratory teaching are essential to keep pace with the evolving 
landscape of the industry. Research indicates that educational institutions prioritizing innovative thinking not only 
enhance student engagement but also prepare graduates to navigate the complexities of the modern workforce. By 
fostering an environment that encourages experimentation, critical thinking, and collaborative problem-solving, 
educators can effectively equip students to tackle the challenges of the future [5]. In summary, the integration of 
innovative thinking into chemical engineering education is not merely beneficial but essential for developing a 
workforce adept at addressing the pressing challenges of our time.

With the deepening implementation of global policies emphasizing sustainable development, higher 
demands are placed on the innovative development of the chemical engineering industry. Innovative thinking 
has increasingly emerged as a key factor driving technological advancement and industrial upgrading within this 
sector [6]. In this study, laboratory instruction in chemical engineering plays a crucial role in fostering students’ 
innovative thinking and practical skills, necessitating timely reforms and innovations to keep pace with the 
evolving landscape.

2. Challenges and innovations needed in chemical engineering laboratory education 
In the chemical engineering education system, the course “Chemical Engineering Experiments” is a critical 
component. It not only helps students deepen their understanding of chemical engineering knowledge but also 
enhances their practical skills, fosters a spirit of scientific exploration, and cultivates teamwork awareness. 
Through experiments, students can visually observe the processes and results of chemical reactions, thereby 
deepening their comprehension of theoretical knowledge. However, current practices in chemical engineering 
laboratory education face several challenges.

First, traditional laboratory instruction often focuses on verification experiments, where students primarily 
test established theoretical concepts. While this approach can enhance understanding, it neglects the development 
of initiative and creativity, leading to a lack of independent thinking and problem-solving abilities. Consequently, 
students may become passive recipients of knowledge rather than active participants in their learning process [7]. 

Second, the rapid advancement of technology means that new materials and processes are continuously 
emerging, but these cutting-edge topics have not been adequately integrated into current laboratory teaching. 
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Students have limited exposure to the latest research findings and technological applications, resulting in a 
disconnect between their knowledge and skills and modern trends in the chemical engineering industry. Research 
shows that integrating cutting-edge topics into laboratory education significantly enhances student engagement 
and prepares them for industry demands [8]. This lack of engagement with frontier technologies restricts students’ 
perspectives and modes of thinking, impacting their competitiveness and innovative capabilities.

Finally, the current educational framework often fails to foster collaboration among students. Teamwork 
is crucial in the chemical engineering industry, yet many laboratory courses focus on individual assessments, 
which can diminish opportunities for collaborative problem-solving and shared learning experiences. Therefore, 
chemical engineering laboratory education must keep pace with technological developments, continually update 
its curriculum, and introduce elements of cutting-edge technology to stimulate students’ innovative thinking and 
exploratory spirit.

By addressing these challenges, educators can better equip students, ensuring they possess not only a solid 
foundation of knowledge but also the creativity and problem-solving skills necessary to thrive in a complex 
and dynamic industry environment. This not only supports students’ personal development but also lays the 
groundwork for cultivating high-quality talent in the entire field of chemical engineering.

3. Strategies for constructing innovative thinking in chemical engineering 
experiments 
To effectively cultivate students’ innovative thinking in chemical engineering education, several key dimensions 
must be addressed, including the design of teaching content, innovation in teaching methods, optimization of the 
learning environment, and strengthening connections with industry.

3.1. Optimizing experiment content and procedures
Optimizing the content of experiments is crucial in chemical engineering laboratory education. Instructors 
should regularly update experimental content to reflect the latest developments in the industry, incorporating 
new technologies, materials, and processes. For instance, designing experiments that utilize principles of green 
chemistry not only addresses current sustainability challenges but also encourages students to think critically 
about their environmental impact. By integrating real-world industry cases into the curriculum, students gain a 
deeper understanding of how chemical principles apply in practical scenarios, thereby bridging the gap between 
theory and application. Moreover, instructors should design challenging experimental tasks that promote active 
exploration and independent problem-solving skills [1]. 

Incorporating simulations and virtual labs can also enhance students’ understanding of complex concepts 
by allowing them to conduct experiments that may be too dangerous or impractical in a traditional lab setting. 
For example, using software to simulate chemical processes enables students to visualize reactions without the 
constraints of physical limitations [9].

3.2. Diversifying teaching methods
Employing diverse teaching strategies can significantly enhance student engagement and autonomous learning 
abilities. Project-based learning (PBL) allows students to collaborate in groups and conduct in-depth research on 
specific chemical engineering issues. This approach not only improves mastery of experimental techniques but 
also fosters teamwork and communication skills. Research indicates that students engaged in PBL show higher 
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retention rates and greater motivation compared to those in traditional lecture-based courses [10]. 
Additionally, implementing flipped classrooms can enhance proactive learning. In this model, students learn 

theoretical knowledge independently before class, dedicating class time to discussions and hands-on experiments, 
thus promoting a deeper understanding of theoretical concepts [11]. Incorporating case studies further exposes 
students to real-life scenarios where they must creatively apply their knowledge.

3.3. Creating an open learning environment
Establishing an open and inclusive learning environment is vital for stimulating innovative thinking. Instructors 
should encourage students to pose questions, share perspectives, and challenge existing theories and experimental 
designs. Introducing an “innovation experiment” component allows students to design their experiments to tackle 
specific chemical engineering problems, with instructors acting as guides who provide necessary support and 
resources [12].  Regular discussion sessions can foster mutual learning and inspiration among peers, while utilizing 
digital platforms for collaboration enhances participation and interaction beyond the classroom [13]. 

3.4. Strengthening industry connections
Close ties with the chemical engineering industry can provide students with valuable practical opportunities. 
Inviting industry experts for lectures, organizing field trips, and offering internships enable students to gain 
firsthand insights and practical experience, broadening their horizons and deepening their understanding of future 
industry trends [14]. 

Collaborating on research projects with companies allows students to exercise their innovative thinking and 
practical skills in real-world settings. For instance, a partnership model involving internships and project research 
enhances students’ problem-solving capabilities and prepares them for authentic engineering environments. 
Participating in industry-sponsored competitions can further motivate students to think creatively and develop 
solutions to real-world challenges [15].

3.5. Feedback and assessment mechanisms
Establishing effective feedback and assessment mechanisms is crucial for developing innovative thinking. 
Instructors should regularly collect feedback from students during experiments to identify challenges in their 
learning processes and adjust teaching strategies accordingly. Incorporating self-assessment and peer assessment 
encourages students to reflect on their learning journeys, enhancing their autonomous learning and innovative 
thinking skills. For example, creating portfolios where students document their experiments and reflections can help 
them track their progress and identify areas for improvement. Additionally, using rubrics that emphasize creativity 
and problem-solving in assessments encourages students to prioritize innovative thinking in their work [16].

3.6. Laboratory culture development
The culture within the laboratory significantly influences students’ innovative thinking. A laboratory culture that 
encourages experimentation, accepts failure, and emphasizes learning allows students to explore new ideas freely. 
Instructors can establish management norms that promote independent exploration and experimentation, thereby 
creating a positive experimental atmosphere. Hosting open lab days where students showcase their results can 
enhance confidence and awareness of innovation. This practice fosters a sense of community among students 
and promotes a culture of knowledge-sharing and collaborative learning, which is essential for cultivating high-
quality talent in the field of chemical engineering.
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By addressing these interconnected dimensions, educators can create a more engaging and effective 
laboratory learning experience that not only enhances students’ theoretical knowledge but also equips them with 
the innovative skills necessary to thrive in the evolving landscape of chemical engineering [17,18].

4. Empowering chemical engineering laboratory education through innovative 
thinking
Laboratory instruction in chemical engineering is instrumental in cultivating students’ innovative thinking 
and practical skills, which are essential in today’s rapidly evolving industrial landscape. Traditional laboratory 
teaching models often emphasize rote learning and the verification of established theories, which can hinder the 
development of critical and independent thinking skills. Therefore, a paradigm shift toward innovative laboratory 
instruction is imperative for preparing students to thrive in the dynamic field of chemical engineering [19].

To enhance the effectiveness of laboratory education, optimizing the preparatory phase is crucial. By 
encouraging students to engage with experimental content beforehand, educators can foster a culture of 
critical thinking and independent inquiry. This proactive approach allows students to formulate hypotheses, 
design experiments, and identify potential challenges before hands-on work, enriching their overall learning 
experience [20].

Moreover, integrating cutting-edge scientific research into teaching demonstrations significantly expands 
students’ knowledge horizons. Exposure to the latest advancements in the field not only deepens their 
understanding of contemporary issues but also ignites a spirit of exploration and innovation. For instance, 
incorporating real-world case studies and research findings into laboratory exercises can bridge the gap between 
theoretical knowledge and practical application, illustrating the relevance of their studies [21]. 

Continuously updating the experimental curriculum to include advanced technological elements is also vital. 
As the chemical engineering industry rapidly adopts new materials and processes, the educational framework 
must adapt accordingly. Incorporating tools such as virtual labs, simulations, and modern analytical technologies 
can enrich the learning environment and better equip students with the skills required for their future careers [9].

Establishing robust feedback mechanisms is another effective strategy to enhance laboratory instruction. 
Regularly soliciting feedback from students enables educators to identify areas of difficulty and adjust teaching 
strategies accordingly. Additionally, incorporating self-assessment and peer assessment can encourage reflective 
learning, empowering students to take ownership of their educational journey and fostering a culture of 
continuous improvement [22].

Ultimately, by innovating laboratory instruction through strategies such as optimizing preparation, 
integrating cutting-edge research, continuously updating content, and establishing feedback mechanisms, 
educators can significantly enhance the quality of chemical engineering education. This approach not only 
nurtures students’ innovative thinking but also equips them with the skills and mindset necessary to meet the 
challenges of the new era, ensuring their success in the ever-evolving landscape of chemical engineering.

5. Conclusion
In the realm of laboratory education, the role of teachers extends far beyond imparting chemical engineering 
knowledge and enhancing practical skills. More importantly, educators must deeply consider how to fully engage 
students’ proactivity during the teaching process, foster their teamwork abilities, and, based on this foundation, 
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develop their problem-analysis and problem-solving skills. Cultivating these abilities is crucial for enhancing 
students’ research literacy. In the face of an increasingly complex and dynamic teaching environment, teachers 
must maintain keen insight and innovative capacity in classroom design and instruction. It is essential to 
continually explore new teaching methods and strategies to stimulate students’ interest in learning, encouraging 
them to break free from traditional thought patterns and cultivate high-quality talent equipped with innovative 
thinking and practical abilities. Additionally, teachers should closely monitor industry trends and technological 
advancements, regularly updating teaching content and integrating elements of cutting-edge technology to ensure 
that students’ knowledge and skills remain aligned with the demands of modern society.
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