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Abstract—With the introduction of the teaching theory of constructivism 
and the development of virtual 3D technology, multimedia courseware produc-
tion is required to enhance the authenticity of teaching situation, expand the in-
teraction of teaching courseware, and carry out 3D network teaching. This pa-
per designed a constructivism-based 3D scene display teaching system. By us-
ing ASP.NET and WEB3D as the core technologies and combining SQL 
SERVER technology, this system can run on the Internet in the form of web 
pages, demonstrate and store teaching courseware, and show great advantages 
in human-computer interaction, three-dimensional display and advanced teach-
ing. In specific discussion, the paper elaborated the demand of designing the 
system, relevant function modules and the implementation process. It has been 
proven that the constructivism-based 3D scene display teaching system for Wu-
shu education has a remarkable effect on improving students’ examination re-
sults and expanding their innovation ability. 

Keywords—3D scene display, teaching system, Wushu, constructivism, inter-
active technology 

1 Introduction 

3D technology is a technical system constructed based on the difference of peo-
ple’s binocular vision. It produces active stereo and passive stereo vision in people’s 
eyes, giving a visual effect of watching 3D scene [1]. 3D technology could be divided 
into diverse categories, mainly covering Film Patterned Retarder (FPR) technology, 
complementary color technology, time-sharing technology, holographic technology, 
etc. At present, the mainstream 3D technology in the market includes holographic 
technology, VR virtual imaging technology and so on. Each of the technologies in 
whatever type is able to bring the visual effect of three-dimensional imaging. Hsu et 
al. (2014) combined 3D technology and technology equipment in museums. To 
achieve the aim of supporting natural interaction of visitors during museum presenta-
tions on the basis of using cameras, they first outlined the “U-Garden”, a platform 
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composed of various tools which are useful for application designers to develop mo-
tion-based projects that adopt camera tracking. A rationale with which to base the 
design of these presentation tools was then established. This system provides design-
ers with tracking results for generating countless fascinating applications appealing to 
more diverse interactive imaginations and offers interactive power to natural interac-
tion based on depth image streams [1]. 3D technology has become the focus of atten-
tion in the education sector and is increasingly being applied to a variety of courses. 
However, there is still a lack of research on the construction of 3D scene display 
teaching system in the teaching of Wushu. 

2 Review of Research Progress 

In view of its imaging advantages, 3D technology has been increasingly applied to 
the field of modern education in recent years, accompanied by more and more corre-
sponding studies by domestic and foreign scholars. Boulay et al. (2015) employed 3D 
technology in the teaching of emergency treatment. In the experiment, they scientifi-
cally evaluated an interactive AO team interface concerning Learnability and Usabil-
ity outcomes in two contexts: an ‘online’ setting in which individual Team Users 
might be separated in time and space and team immersive interaction in which all 
Users are physically present. The experimental results show that the use of 3D tech-
nology can improve the teaching effect [3]. An immersive audio rendering scheme 
was proposed by Lim et al. (2014) to support networked 3D multimedia systems. 
They used a variety of sound sources in experimental validation and numerical analy-
sis. As shown and confirmed by the experimental results, the developed approach 
could be utilized to generate various virtual audio objects at target positions with quite 
high accuracy while covering the majority of the listening area [4]. Yuan et al. (2015) 
put forward the advantages and development prospects of 3D MAX technology in 
solving problems with regard to the teaching of technical tennis actions. 3D animation 
acquires quantitative data through video capture. On the basis of post-production, 
tennis beginners have the opportunity to selectively accept a full range of technical 
demonstrations. The outcomes demonstrate that 3D technology can not only promote 
the teaching effect, but also increase students’ self-learning ability [5]. Zhou et al. 
(2016) used Autodesk 123D Catch to achieve 3D modeling of pictures of human body 
structure, and employed 3Ds Max software to modify and render the 3D human body 
model, set lights and construct the 3D human structure or organ. Through the inter-
face designed based on Unity, the 3D structure could finally be presented in the com-
puter or mobile phone. The results confirm the possibility to produce the anatomical 
3D digital model in line with the purpose of medical teaching and operate in the com-
puter or mobile phone to facilitate teaching [6]. 

It can be seen that 3D technology has become the focus of attention in the educa-
tion sector technology. Nevertheless, there are still some shortcomings regarding 3D 
technology. First of all, the combination of 3D technology and interactive technology 
with action teaching is not common in China. Instead, Wushu and other action teach-
ing are often conducted in the form of the traditional one-to-one and face-to-face 
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guidance, resulting in significant influence on student’s learning effect [7]. Moreover, 
in the process of 3D teaching, the existing 3D display technology can only allow the 
viewer to see a single 3D scene, rather than see the 3D scene from different angles. 
For example, when watching a Wushu action in a 3D scene, the one who stands on the 
observing position A can generally observe only a 3D picture of action, but cannot see 
the back and side picture of that action. Consequently, the viewing experience of the 
user is reduced [8]. 

According to the background above, this paper elaborated a 3D scene display 
teaching system design based on the ternary technology system of ASP + WEB3D + 
SQL SERVER, and combined with the theory of constructivism to introduce and 
realize a method of displaying 3D images as well as its installation. Meanwhile, the 
system can capture eye information of the viewer in real time and determine the ob-
serving position of the viewer in accordance with the captured eye information, so as 
to solve the problem that the current 3D multimedia teaching cannot deal with, name-
ly, the viewer cannot observe different 3D images in 3D scene with the change of the 
observing position. This system is somewhat innovative and advanced, and could 
provide reference for the research and innovation on the same topic. 

3 Theoretical Basis 

3.1 Theory of constructivism 

Constructivism [9] is a theory of knowledge and learning which emphasizes the 
learner’s initiative. It believes that learning is the process for the learner to generate 
meaning and construct understanding based on his or her original knowledge and 
experience. In addition, this process is often completed in social and cultural 
interaction. The proposal of constructivism has profound ideological origins. With the 
learning theory and teaching thought different from the traditional ones, it brings 
important guiding value for teaching design [10]. The use of constructivism in 
guidance of multimedia courseware design not only allows multimedia courseware to 
get rid of constraints from the traditional teaching theory, so that it no longer serves  
as an electronic blackboard in teaching but acts as the carrier of teaching situation and 
the tool for students to construct meaning, but also makes the learning process 
become more intuitive, enhances people’s understanding of constructivist learning 
theory, and promote people’s mastery of constructivist learning methods. Thus, it has 
gradually become the fundamental theory to guide multimedia courseware production. 
The basic structure of courseware production based on the theory of constructivism is 
shown in Figure 1. 
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Fig. 1. The basic structure of the theory of constructivism 

3.2 Design of the constructivism-based 3D scene display teaching system 

(1) Design of the 3D scene display teaching system for meaning construction 
The theory of constructivism argues that: “Learning is the process of acquiring 

knowledge, and knowledge is passed on to students by teachers, but obtained by 
students in the way of theoretical construction in the process of using necessary 
learning resources such as text materials, audio-visual materials, CAI courseware, and 
information obtained from the Internet in the social and cultural context with the help 
of teachers or classmates [11]. The theory places emphasis on student-centered 
learning, viewing students as the subjects of cognition and the active constructors of 
knowledge meaning. Under the guidance of constructivism, the 3D scene display 
teaching system for Wushu education is required to be based on the thought of 
learning as the core in every stage like creating scenes, setting interaction and 
providing resources. 

(2) Setting powerful interactive functions to establish the 3D scene display 
teaching system 

Constructivism believes that learners “make use of the assistance from teachers and 
classmates” to enrich and expand their understanding of knowledge through 
cooperative communication. Currently, the main interactive settings used in 
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multimedia courseware of Wushu to achieve the interaction between teachers and 
students are: BBS system, QQ, message sent via mobile phone, WeChat and e-mail. 
We can see that the students always comment on the courseware scene outside the 
courseware scene. 3D technology used in this study not only offers interactive settings 
usually seen in movies and animations, but also provides the user with control over 
the player and camera. The user can rotate the player model by dragging the mouse 
and achieve panning, pushing and pulling of the camera via the arrow keys. In this 
way, the user can observe any movement part of the player from any angle and 
distance and thereby can form clear, correct and comprehensive action concept and 
motion visual representation as soon as possible, to improve the efficiency of 
teaching. The basic structure of the interactive 3D scene display teaching system is 
shown in Figure 2. 

(3) Using various resources to establish the 3D scene display teaching system 
If the technical action itself demonstrated in the film or animation is wrong, it will 

form a false visual representation among students at the beginning of teaching. Then, 
even if the courseware does well in other aspects, it is futile. The use of 3D scanner 
modeling in conjunction with optical motion capture system, as well as virtual reality 
display technology, can also achieve technical actions at the standard demonstrated in 
the film, as shown Figure 3. 

4 Implementation of the 3D Scene Display Teaching System 

4.1 Design idea of the 3D scene display teaching system 

The design idea is: desktop virtual reality technology and web 3D technology 
could be used to create courseware which could stimulate students’ interest more 
easily and reinforce interactivity. Specifically, 3D which displays technical actions as 
realistically as a film does, achieves 3D interaction and facilitates network 
transmission (a popular technology in desktop virtual reality and web3d) is used for 
media display in place of the traditional technology-based action film, to demonstrate 
the complete decomposed actions respectively. In the process of displaying technical 
actions, in addition to implementing the common interactive functions that can be 
realized in the technical film, the media should also have interactive functions similar 
to those provided in three-dimensional game, such as control over the camera and the 
player model, to arouse students’ interest and reach the aim of allowing students to 
watch the display of technical action from any angle and distance according to their 
own will through operating the keyboard and mouse. The basic design idea is shown 
in Figure 4. 

4.2 Multi-angle shooting technology for 3D scene 

The teaching module of the platform is divided into two parts: the front end and 
the back end. In the development of the front end, WEB3D technology was used  

88 http://www.i-jet.org



Paper—A Constructivism-based 3D Scene Display Teaching System for Wushu Teaching 

 

Between students and teachers
Between students and students

Between students and learning resources

Between the student and the media

Student knowledge interactionConceptual interaction

Operation interaction

Operation interaction

Abstract

Specific

Senior

Low

Media
!

Fig. 2. Basic structure of the interactive 3D scene display teaching system 

 

Fig. 3. Courseware production by 3D scanner modeling in conjunction with optical motion 
capture system 

to construct the courseware demonstration interface. The specific design idea is: 3D 
scene information is loaded in the 3D scene display teaching system. The scene 
information contains 3D image information from multiple shooting positions. 
Indisplay, the shooting devices at different angles are capable of capturing images of 
the Wushu practitioner at different positions and generating 3D presentation dynamic 
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effect graphic or video at a viewing angle. The effect graphic or video can be 
uploaded through the transmission device in the system to the WEB3D page and 
finally be displayed in front of the learner. The presentation diagram of 3D 
courseware from different angles is demonstrated in figure 5. 
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Fig. 4. Framework of the Teacher-controlled Teaching mode 

angle
angle visual 

 

Fig. 5. Presentation diagram of 3D scene courseware from different shooting angles 

4.3 Segmentation of 3D scene foreground and background 

An improved image segmentation algorithm based on GrabCut was referred to 
make it which is suitable for image extraction of multiple foreground objects. 
GrabCut algorithm is essentially an improvement on graph cut algorithm. The main 
idea of GrabCut algorithm is to use texture information and boundary information in 
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the image to segment the image. Based on GrabCut, this paper divided the image into 
multiple sub-images and computed the multiple sub-images in parallel to improve the 
speed of image segmentation on a number of foreground objects. 

The basic idea of GrabCut algorithm is: firstly, a rectangular box is used to mark 
the region of foreground extraction in the image by user interaction, to obtain a hard 
segmentation. A graph cut technique is used to determine the optimal patch region for 
any given offset between the input and output texture. Unlike dynamic programming, 
our graph cut technique for seam optimization is applicable in any dimension. Then, 
the Gaussian mixture model (GMM) replaces the gray-scale histogram to initialize 
each pixel; afterwards, the iterative optimization method is utilized to minimize the 
Gibbs energy function: 

! " " " # ! " " " # ! " #! " # $ " # % #! " ! " != +  (1) 

!

" # # # $ " # # # $
!

"
"

# $ % # $ %! " ! "
=

= #  (2) 

Where ! refers to the opacity and !! [0,1]; 0 is the background; 1 is the fore-
ground; " is the gray-scale histogram of foreground and background of the image; k is 
the independent GMM parameter of each pixel. Through minimizing the Gibbs ener-
gy, GrabCut algorithm ultimately assigns a ! value for each pixel in the image, to 
achieve the result of image segmentation. 

4.4 Formation of the 3D scene display teaching system for Wushu education 

When the 3D courseware is created, goes through foreground and background 
segmentation, and is finally uploaded to the WEB3D page, the user can click the 
online play button to watch the corresponding picture or video of Wushu practice. To 
complete the communication between the WEB3D page and 3D courseware database, 
background design of the system needs the ASP.NET technology design support 
system. The teaching system can display the 3D scene Wushu courseware. The figure 
6 gives an interface of 3D Wushu teaching demonstration scene. 

5 Test of the Wushu scene display teaching system 

To test the effectiveness of the teaching system in Wushu education, Class (3) (the 
Experimental Class) and Class (4) (the Control Class) of Grade 2014 majoring in 
Wushu were chosen as the objects of the experiment and 15 students in each class. In 
specific practice, the traditional lecture method was used to teach Class (4), while 
teaching in Class (3) relied on the 3D scene display courseware platform. The results 
after 56 hours of teaching are shown in table 1 and table 2. 
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Fig. 6. 3D scene Wushu courseware 

TABLE 1.  Average Scores Of The Experimental Class And The Control Class In The 

Final Exam (Points, 
---

,X+S) 

Indicator 
Average score 

t P 
Experimental class Control class 

Theoretical results 47.5 22.6 3.35 0.001 
Training results 43.5 31.2 3.51 0.002 
Total score 91.0 53.8 4.12 0.003 

Table 2.  Self-evaluation on learning effect by the experimental class (points, 
---

,x+s) 

Evaluation item Experimental class 
Increase interest in learning 9.67+2.35 
Conducive to improving self-learning ability  9.56+1.38 
Conducive to improving innovation capacity 9.22+3.21 

 
According to the data in Table 1, the average score of the students in the experi-

mental class in the final exam is significantly higher than the control class, and there 
is difference in the statistical results. Meanwhile, the data in Table 2 offer the real 
reflection of students in the experimental class. They believe that the platform can 
improve students’ interest in learning “Wushu” and is conductive to improving their 
self-learning ability and innovation ability. Therefore, the platform is of great help to 
increase the quality of teaching “Wushu” in colleges and universities. 
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6 Conclusion 

In the current age when information technology and 3D technology continue to de-
velop and spread, the introduction of 3D dynamic display technology into Wushu 
education in colleges and universities will not only enrich the teaching means of 
teachers and enhance the advancement of teaching, but can also rely on the intelli-
gence and vision effect of 3D technology to create more realistic scenes for both par-
ties in teaching, to provide more basis for teaching design, to realize dynamic, interac-
tive classroom teaching, to generate more diverse teaching conceptions, and to pro-
mote the leap in the effectiveness of curriculum teaching. In this study, when the 
design idea of role-playing 3D game was employed to guide the production of multi-
media courseware, students could control their own role in the specific virtual educa-
tion scenario, engage in collaboration, conversation and other communication activi-
ties, and complete the assigned learning tasks, so that their virtual character will be 
promoted to higher levels, and at the same time, they can acquire relevant knowledge. 
This novel and scientific teaching technology is clearly able to improve students’ 
interest, and in the learning process, it will further stimulate students’ ability to inno-
vate through experiencing and contacting high-tech teaching equipment. As a conse-
quence, students will accumulate the capacity to design and arrange Wushu actions in 
the future. 

This study integrated 3D, virtual technology, multi-angle shooting and other tech-
nologies to establish a constructivism-based 3D scene display teaching system for 
Wushu education. The system realizes multi-angle display, movement superimposi-
tion and stage play of technical actions. Besides, it also adapts to the development of 
modern education and meets the requirements of constructivism. It is a direction of 
developing virtual reality technology and provides reliable reference for further im-
proving the authenticity and extensibility of sports and other action teaching 
courseware. 
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