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Abstract: Environmental Acoustics is a professional course that educates students majoring in Acoustics. Affected by practical 

equipment and other factors, the teaching effect of knowledge points relevant to subjective auditory perception contained in 

the course is poor. Taking the course of Spatial Hearing and 3D Stereo as an example, this study develops a virtual simulation 

experiment system for the topic of subjective hearing perception in order to carry out the reform and practice of immersive 

teaching. Combined with the virtual simulation experiment project with high sense of presence, students are supported by the 

actual auditory perception effect in the whole learning process and have achieved good learning effect. 
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1. Introduction 

Acoustic processing and perception in different spaces is an important research branch in the field of 

acoustics and plays an important role in the field of national economy. For example, the noise source 

identification of cabins, the acoustic design of large halls, and the prediction of environmental noise have 

a direct impact on the noise control. The rapid development of related fields and the demand for scientific 

and technological innovation have raised the requirements of employees in terms of professional quality. It 

puts forward higher requirements in the training of students of related majors in universities. 

At present, there are many studies on environmental engineering education and teaching in China, but 

there are only a few professional teachings characterized by environmental acoustics. Combined with the 

current discipline development trend of Environmental Acoustics, Northwestern Polytechnical University 

has introduced a series of courses under environmental acoustics for training, such as Acoustic Signal 

Processing, Engineering Acoustics, Sound Source Location and Identification, Spatial Hearing and 3D 

Stereo, as well as Noise Control Engineering. These courses play supporting roles for the training of 

students in this major. However, the feedbacks from students and graduates in recent years have revealed 

that some problems in the teaching need to be improved. These problems mainly focus on the contents of 

subjective auditory perception, which include auditory masking effect and human auditory positioning 

principle. Students do not experience the actual subjective auditory perception effect in the traditional 

theoretical teaching and practical design. In order to solve this problem, based on the practice of virtual 

simulation, the teaching group has designed and developed a personalized subjective auditory perception 

virtual simulation experiment, and based on this experiment, the reform of the teaching method with 

experiential teaching as the main way has been carried out. 

This study introduces the design and development of a virtual simulation practice of subjective auditory 

perception and the experiential teaching method based on it; subsequently, it introduces the application and 

effect analysis of the new teaching method and practice in Spatial Hearing and 3D Stereo. 
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2. Immersive teaching based on the virtual simulation experiment of subjective auditory perception 

Taking Spatial Hearing and 3D Stereo as the platform, the subjective auditory perception virtual simulation 

experiment project is designed and developed from the personalized practice content of relevant knowledge 

points and then the reform of immersive teaching is carried out and applied to the course teaching.  

 

2.1. Development of subjective auditory perception virtual simulation experiment project 

Among all kinds of practical teaching methods, virtual simulation experiment is a new form of practical 

education that is rising in recent years. Virtual simulation experiment mainly relies on computer simulation 

to realize the simulation of objective physical phenomena and various principles. This changes the 

traditional experimental teaching method and breaks through the space-time limitation of experimental 

operations [1]. With its strong display characteristic, it has occupied an important position in practical 

teaching [2,3]. By combing the contents of the Spatial Hearing and 3D Stereo course and analyzing the 

curriculum difficulties reflected by previous students, the construction requirements of four virtual 

simulation experiments based on subjective auditory perception have been determined. According to this 

demand analysis, an auditory perception experimental system has been designed and developed, including 

four experimental contents: masking effect, Haas effect, Binaural auditory positioning, and spatial sound 

simulation. 

The development of the virtual simulation experiment of subjective auditory perception takes the 

simple operation of students as the basic requirement. At the same time, in order to enable students to have 

their own subjective auditory experience, another basic requirement of the project is that students can freely 

input reasonable parameters and conduct personalized experiments. According to the above basic 

requirements, a schematic diagram of the design and the development process of the experimental project 

is shown in Figure 1. 

 

 
Figure 1. Design of virtual simulation experiment 
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Figure 1 shows the design and development process of each experimental project. The experimental 

project is divided into three modules on the kernel: user parameter input, algorithm operation, and audible 

processing. The user parameter input module allows students to input arbitrary parameters within a 

reasonable range to realize their personalized experimental requirements. The algorithm operation module 

is the core module of the experimental system. According to the existing mature algorithms, virtual 

simulation algorithms such as virtual sound source, sound wave virtual propagation, and virtual receiver 

are designed and developed, thus completing the simulation of acoustic phenomena under various input 

parameters. Finally, in the audible processing module, based on the convolution technology of head 

correlation transfer function, the obtained virtual acoustic propagation process is used to complete the 

audible processing of the signal, and the results are visualized by means of field cloud drawing, as illustrated 

in Figure 2. Upon inputting parameters according to the above process, the audible signal can be directly 

obtained, and the subjective listening experience consistent with the real scene can be realized by using 

headphones or other equipment. 

 

 

Figure 2. Simulating results of the experiment 

 

2.2. Reform of the teaching method based on virtual simulation experiment 

The traditional teaching method of Environmental Acoustics generally emphasizes on imparting knowledge 

and students’ acceptance. In teaching, students’ thinking and cognitive activities show one-way fluidity. 

Although this method results in good teaching effect of some knowledge points, it has a poor effect on 

contents that are closely related to people’s subjective hearing. Therefore, relying on the virtual simulation 

experiment platform of subjective auditory perception, the reform of immersive teaching is carried out. 

The prototype of immersive teaching began from the field of language teaching in the 1960s; in order 

to obtain good teaching results, students were completely immersed in the foreign language environment 

through the coordination of environment and teachers. With the continuous expansion of the application 

scale, a professor of psychology at the University of Chicago summarized and improved the immersive 

teaching method with the help of the immersion theory in the field of psychology, established the 

“immersive teaching” theory [4], and used it in the field of engineering education [5-7]. With the development 

of virtual simulation technology, it allows the integration of scenes, images, and interactive information 

presented by virtual technology into classroom teaching, which doe not only bring great immersion 

experience to students, but also improve the teaching effect. Therefore, immersive teaching has greatly 

developed in recent years. 
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Figure 3. Flow chart of immersion teaching 

 

In the immersive teaching design shown in Figure 3, students would gain preliminary understanding 

of relevant theories through the preview of knowledge points and the perceptual understanding of relevant 

acoustic phenomena with the help of virtual simulation experimental system prior to classes. The students 

would then enter the classroom teaching stage with problems. While the teacher completes the theory 

teaching in the classroom, students should be allowed to verify their knowledge with the help of auditory 

experiments. Through the practical guidance of teachers, the students’ perceptual knowledge of acoustic 

phenomena can then be developed into a rational understanding. In the final comprehensive review and 

consolidation link, students would use the virtual simulation system to carry out personalized experiments 

to realize the complete understanding and mastery of knowledge points. In the above teaching process, the 

auditory practice of virtual simulation experiment based on subjective auditory perception runs through the 

whole teaching and constructs a personalized and situational classroom environment. Students would 

immerse themselves in it, assume the virtual simulation experiment as a support for theoretical learning, 

reshape the classroom into a dynamic classroom, and gain a wholehearted learning experience through 

interaction and reflection. 

 

3. Practice of immersive teaching 

In the spring semester of 2020 to 2021 academic year, immersive teaching has been implemented based on 

the subjective auditory perception virtual simulation experiment on the platform of the Spatial Hearing and 

3D Stereo course. The course consists of four chapters: basic acoustic theory, spatial auditory effect, human 

auditory positioning principle, and spatial sound quality simulation. In addition to the basic theory in 

Chapter 1, each chapter contains knowledge points related to subjective auditory perception. 

Before each theoretical teaching, the teachers would arrange the preview tasks and allow the students 

to make preliminary perceptual understanding by using the subjective auditory perception virtual simulation 

experiment project through the operation instructions. During classes, the teachers would first gauge the 

understanding of the students from the preview and help the students master the difficulties encountered in 

the knowledge points. In the process of teaching, the focus is on explaining relevant knowledge points. At 

the same time, with the help of simulation experiments, students can preliminarily verify the accepted 

theoretical content. In practice, teachers use the virtual simulation system to demonstrate under different 

parameters, in order to help students gain a deeper understanding of the knowledge points. Students would 

then conduct personalized experimental operations to deepen their theoretical understanding from all 
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aspects and consolidate those knowledge points. In the whole process of teaching and learning, the virtual 

simulation experiment of auditory perception practice is always placed in an auxiliary position in teaching. 

Through high-frequency perception practice, students can master the learned content through immersive 

experience. At the end of the course, a questionnaire survey was conducted among 23 students. The 

comparison of the degree of understanding of the knowledge points among the students before and after 

the educational reform is shown in Figure 4, where “1” on the transverse axis denotes “completely 

understand”; “2” denotes “partially understand”; “3” denotes “do not understand”. 

 

 

Figure 4. Comparison of the degree of understanding of the knowledge points before and after the practice of immersive teaching 

 

As shown in Figure 4, it can be seen from the results that after implementing immersive teaching based 

on auditory perception virtual simulation experiment, the proportion of students who can fully understand 

the four knowledge points that have high correlation with subjective auditory perception has increased 

significantly, while the proportion of students who can only partially understand the content is low; this 

shows that the new immersive teaching method has achieved good teaching results in the comparison of 

two consecutive sessions.  

 

4. Conclusion 

Taking into consideration that there are many theoretical knowledge points of subjective auditory 

perception in Environmental Acoustics and the effect of traditional teaching methods is poor, a virtual 

simulation experimental system of auditory perception has been developed. This system can accurately 

simulate relevant acoustic phenomena and provide users with real auditory signals, so that the users can 

experience situational hearing. On this basis, the method of immersive teaching has been designed, so that 

students can be supported by their actual auditory experiences throughout the whole process of teaching, 

thus promoting their understanding of the knowledge points. The implementation of this method in the 

course of Spatial Hearing and 3D Stereo has proven its effectiveness. This teaching method would be 
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widely used in the Environmental Acoustics course in the future and provide more reference to the 

development of virtual simulation practice in other disciplines. 
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