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Abstract: In the context of the simultaneous advancement of the "Dual Carbon" strategy and the digitalization of
education, informationization and smart teaching have become key drivers for enhancing the quality and efficiency
of environmental courses in higher education. As a core course in environmental science, "Environmental Impact
Assessment" (EIA) is characterized by strong interdisciplinary knowledge, complex practical scenarios, and rapid
policy updates. The traditional "lecture + case study" model is increasingly inadequate in meeting the personalized
development of students and industry demands. Based on a systematic review of domestic and international research
and practices in smart teaching, this paper identifies four key challenges faced by universities in China regarding this
course in terms of resource development, classroom structure, faculty teams, and evaluation methods: fragmentation
of resources, superficial interaction, homogenization of faculty, and delayed evaluation. In response, this paper
proposes four optimization strategies: "platform intelligence, cross-disciplinary resource integration, composite
faculty, and dynamic evaluation", and offers actionable paths and tools. The goal is to provide replicable and scalable
models for the smart upgrading of environmental courses.
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1.Introduction

At the intersection of the global technological revolution and the wave of educational digitalization, China has
incorporated educational informationization into its modernization strategy, consecutively releasing policies such as
the "Education Informationization 2.0 Action Plan" and the "China Education Modernization 2035" to build a
networked, digitalized, intelligent, personalized, and lifelong education system, empowering the cultivation of
high-quality talent through technology. Higher education is accelerating its transition from "informationization" to
"intelligence," from "resource construction" to "teaching reconstruction,” and from "tool application" to "ecosystem
reshaping."

Environmental science courses, which span multiple fields including natural sciences, engineering, society, and
management, have high demands for cutting-edge teaching, interactivity, real-time updates, and accuracy, as the
knowledge is rapidly updated, data types are diverse, and practical scenarios are complex. "Environmental Impact
Assessment" (EIA), as a core course, plays a crucial role in developing students' systems thinking, regulatory
awareness, data analysis, simulation prediction, and comprehensive decision-making abilities. However, the
traditional "lecture + case study + report" model is entrenched in the "three highs and three lows" dilemma: too much
theoretical indoctrination and too little practical experience; too much uniform progress and too little personalized
support; too many static cases and too few dynamic data, leading to a disconnect between students' abilities and
industry needs [,

Against the backdrop of the "Dual Carbon" strategy, ecological civilization, and the "New Engineering" reform,
society urgently needs high-level environmental talent with interdisciplinary backgrounds, digital literacy, and
practical abilities. By leveraging new technologies such as artificial intelligence, big data, cloud computing, and

virtual reality, smart teaching can enable precise resource delivery, real-time monitoring of processes, data-driven
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decision support, and multi-dimensional evaluation of outcomes, providing a path to solve these challenges!?..

Constructing a smart teaching platform that integrates knowledge graphs, simulation, adaptive learning, and
intelligent assessment has become the key to transforming EIA courses from "teacher-centered" to
"student-centered."

This paper takes this course as a starting point, systematically reviewing domestic and international research
and practices in smart teaching, analyzing the major bottlenecks faced in China, summarizing future development
trends, and proposing feasible reform strategies and implementation paths. The goal is to provide theoretical support
and practical examples for the smart upgrade of environmental courses, helping to cultivate
environmentally-conscious talent with global perspectives, innovative spirit, and practical capabilities, thus serving
the national ecological civilization and sustainable development strategies.

2.Domestic Research Status
2.1 Initial Scale of Informationization Infrastructure Construction

Since the implementation of the "13th Five-Year Plan for Educational Informationization,"” the level of
informationization in higher education in China has significantly improved. According to data released by the
Ministry of Education in 2023, more than 92% of universities across the country have established unified identity
authentication platforms, online course platforms, virtual simulation experimental teaching centers, and smart
classrooms!®l. Taking the "Environmental Impact Assessment" course as an example, 32 national-level first-class
undergraduate courses and over 100 provincial-level boutique online open courses (MOOCs) have been launched on
the "National Higher Education Smart Education Platform," covering undergraduate, graduate, and continuing
education stages. This has initially formed a pattern where "every course has resources, and every university has
platforms."

In addition, some universities are actively exploring "cloud-network-end" integrated teaching environments and
building university-level virtual simulation experimental teaching projects. For instance, a "Double First-Class"
university has developed a "Virtual Simulation Experiment for Environmental Impact Assessment of Regional
Development Projects" based on virtual simulation technology. Students can complete the entire process of project
site selection, environmental status surveys, impact predictions, and public participation in the simulated
environment, greatly enhancing the immersion and practicality of the course. However, despite the rapid increase in
hardware facilities and platforms, there are still notable shortcomings in the quality, update frequency, and teaching
adaptability of resources. Most course resources still mainly consist of PowerPoint slides and recorded videos,
lacking interactivity and contextualization, which makes it difficult to meet students' needs for personalized, deep
learning®!.

2.2 Insufficient Depth of Smart Teaching Application

From the resource perspective, online resources for the "Environmental Impact Assessment” course often focus
on quantity over quality. A survey of 50 universities revealed that while the average course platform includes over
120 cases, over 70% are static, text-based, and lack dynamic features. Only 18% integrate GIS, simulations, or
policy tools, and most are outdated by an average of 2.3 years. From the teaching perspective, while concepts like
"flipped classrooms" and "blended learning" are recognized, actual flipped classroom use remains under 25%. Most
instructors still focus on theoretical lectures, missing opportunities for higher-order thinking or project-based
collaboration. Classroom interaction tools are basic and lack engaging, in-depth designs. Regarding evaluation,
Learning Management Systems (LMS) are primarily used for homework, attendance, and notifications, with less
than 10% of teachers using learning analysis tools. This hampers timely teaching adjustments and personalized
guidance. Lastly, many course platforms lack intelligent recommendation systems, leading to homogeneous learning
paths that fail to engage students based on their interests or career goals, resulting in low motivation and

participation.
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3.Foreign Research Status
3.1 Blended and Flipped Teaching Models Reaching Maturity

In developed countries in Europe and North America, blended learning and flipped classroom models have
become mainstream teaching methods for environmental courses in universities. For example, the "EIA-X" project
developed by Stanford University adopts the SPOC (Small Private Online Course) + flipped classroom model. In the
pre-class phase, students are required to complete modular micro-certification courses such as GIS operations and
Life Cycle Assessment (LCA). In the classroom, real-world development projects serve as the context, where
students are divided into groups and assume roles such as developers, environmental assessment agencies,
government approval departments, and public representatives, conducting simulated hearings and evaluations.
Project assessments show a 34% increase in student satisfaction, a 21% improvement in course pass rates, and a
significant enhancement in higher-order thinking skillstl.

Additionally, the University of Manchester in the UK introduced a "task-driven + flipped seminar" model in
their Environmental Assessment course. The course content is divided into five major task chains: "Policy
Interpretation-Data Collection-Impact Prediction-Public Participation-Report Writing." Students are required to
complete assigned tasks before class, and during class, they present their findings and engage in peer assessments,
with the instructor serving only as a facilitator. This model effectively improves students' autonomous learning

abilities and teamwork skills.
3.2 Virtual Simulation Training Deeply Integrated with Industrial Scenarios

Virtual simulation technology has matured in the application of environmental courses in foreign universities,
especially in its integration with industrial scenarios. The University of British Columbia (UBC) in Canada
developed the "Virtual EIA Park" system based on the Unity3D platform, which simulates the entire environmental
assessment process for a proposed industrial park. Students, using avatars, enter the virtual scene and can access
real-time environmental monitoring data, such as air, water, and noise pollution levels. They employ methods such as
matrix methods, network methods, and GIS overlay techniques to predict impacts and compare different plans. The
system also includes a "public feedback module," where students must adjust their assessment plans based on virtual
residents' complaints and ultimately submit their environmental impact assessment reports. Project evaluations show
that students' practical skills assessments improved by 28%, and their understanding of complex environmental
issues was significantly enhanced. This system has been adopted by Canada's Ministry of the Environment as a
training tool and has been rolled out for use by multiple provincial and municipal environmental protection

departments.
3.3 Adaptive Learning Systems Precisely Supporting Personalization

Adaptive learning technology is increasingly applied in environmental courses at foreign universities. The
"Adaptive EIA-Tutor" system developed by Imperial College London uses the Bayesian knowledge tracking model
and learner profiling technology to analyze students' responses, learning duration, and knowledge mastery in
real-time. It dynamically pushes personalized learning resources and exercises!®l. For example, if the system detects
that a student has not mastered a module on "Noise Prediction Models" to a certain threshold, it automatically
suggests relevant teaching videos, case studies, and simulation exercises and prompts the instructor to provide
targeted guidance. Experiments have shown that students using this system scored an average of 0.82 standard
deviations higher on the final exam than the control group, with significantly better learning outcomes than in
traditional teaching modes.

3.4 Open Educational Resources and Global Collaboration

MOOCs and SPOC platforms provide high-quality, openly accessible learning resources for students worldwide.

In the field of environmental courses, platforms like edX and Coursera have launched several courses related to
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Environmental Impact Assessment. For example, the "Environmental Impact Assessment for Infrastructure”" course

on the edX platform, developed by Delft University of Technology in the Netherlands, covers modules such as
policy frameworks, assessment methods, public participation, and case studies, with over 120,000 students registered.
The course provides video lectures and reading materials, as well as online discussion forums, project assignments,
and peer evaluations. Students can submit their environmental impact assessment reports and receive feedback from
global peers. This course has become an important teaching resource for environmental programs in universities in
developing countries, significantly promoting the internationalization and informatization of environmental

education.

4.Development Trends
4.1 Diversification and Intelligence of Smart Teaching Platforms

With the rapid development of new-generation information technologies such as artificial intelligence, big data,
and cloud computing, smart teaching platforms are gradually evolving from “resource display” to “cognitive service”
models. In the case of the "Environmental Impact Assessment" (EIA) course, future platforms will have stronger
capabilities in intelligent recommendation, learning analytics, knowledge graph construction, and simulation. For
example, the platform can create personalized learner profiles based on students' learning behavior data (e.g., click
paths, response time, error types, etc.) and dynamically recommend case studies, models, and regulations that suit
their cognitive level and areas of interest, truly achieving "teaching according to the student’s ability."

Moreover, the smart platform will integrate various teaching tools, such as GIS spatial analysis modules,
environmental modeling engines, policy comparison tools, and automated report generation systems, forming a
seamless loop of "teaching-training-evaluation-feedback." Teachers can monitor students' learning progress and
mastery in real time through the platform, adjusting teaching strategies accordingly. Students will also be able to
complete the entire process of data collection, impact prediction, and report writing with the support of the platform,
thereby enhancing their practical skills.

4.2 Closer Integration of Interdisciplinary and Practical Applications

Environmental Impact Assessment itself is a highly interdisciplinary field, involving ecology, environmental
science, geographic information science, sociology, law, and engineering technology. Future smart teaching will
place more emphasis on the integration of interdisciplinary knowledge and the introduction of real-world projects.
Course designs will no longer be limited to a single disciplinary perspective; instead, through project-based learning
(PBL) or problem-based learning (PBL), students will integrate knowledge from multiple disciplines when solving
real environmental problems. For example, students may engage in a simulated evaluation task for a "new energy
power plant construction project” in which they must consider the impacts on the ecological environment, water
resources, noise, socioeconomic conditions, and cultural heritage. They will use GIS for spatial analysis, employ
models for predictions, and apply policy frameworks for compliance judgments, ultimately producing a complete
EIA report. This "practical" approach to teaching not only enhances students' comprehensive abilities but also

strengthens their systematic understanding and response capabilities to complex environmental issues.
4.3 Intelligent Assessment and Dynamic Feedback

Traditional teaching assessments primarily rely on final exams or course papers, which suffer from delayed
feedback and limited evaluation dimensions. In the future, intelligent assessment systems based on learning analytics
and artificial intelligence will enable dynamic monitoring and real-time feedback on the entire learning process. The
system can capture students' learning behavior data on the platform, such as video watching time, test scores,
participation in discussions, and assignment quality, and automatically generate learning reports and competency
radar charts based on knowledge graphs and cognitive models. For example, when the system detects that a student
is consistently underperforming in the "Atmospheric Impact Prediction" module, it will automatically push
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supplementary materials, simulation exercises, and notify the instructor for personalized guidance. Teachers will also
be able to view the overall class's learning status in real time through a "teaching cockpit," identifying common
challenges and adjusting the pace and content of the course. This "evaluation as teaching" concept will significantly
improve the relevance and effectiveness of teaching.

4.4 Application of Virtual and Augmented Reality

The continuous maturation of virtual reality (VR) and augmented reality (AR) technologies offers new teaching
methods for environmental courses. In the EIA course, VR can be used to construct immersive virtual environments
such as industrial parks, ports, or wind farms. Students can conduct on-site surveys, collect data, analyze impacts,
and participate in public hearings within the virtual environment, experiencing the entire EIA process. AR
technology, on the other hand, can overlay real-time environmental data, such as air quality, noise levels, and water
pollution, on the physical environment. For example, students may use tablets or AR glasses to view real-time data
and conduct environmental impact assessments and visualization analyses in the actual campus or urban settings.
This "fusion of the virtual and real" teaching approach not only enhances students' interest and engagement but also

helps cultivate their spatial thinking, data analysis, and comprehensive judgment abilities.

5.Conclusion

With the continuous advancement of educational informatization, smart teaching has become a key avenue for
enhancing the quality of environmental courses. The traditional teaching model of the "Environmental Impact
Assessment" course faces challenges such as insufficient practicality and lack of personalized support. By leveraging
new technologies like artificial intelligence and big data, teaching content and methods can be innovated. Foreign
experiences show that new models like blended learning, virtual simulation, and intelligent assessment can
effectively improve students' comprehensive abilities and enhance teaching quality.

In the future, smart teaching platforms should focus on interdisciplinary integration and practical projects,
offering personalized learning pathways and intelligent feedback mechanisms to help students better master
knowledge and address complex environmental problems. This will provide crucial support for cultivating
environment professionals with a global vision and innovative capabilities, contributing to China's ecological
civilization and sustainable development strategy.
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