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Abstract—With rapid development of 3D virtual scene, virtual reality (VR)
technology starts to be applied in teaching practice. Because of its conception
and innovation, VR technology has certain advantage in art creation learning
and teaching. In traditional art course teaching, theoretical knowledge is more
than design practice, and the depth of design cases is insufficient. Thus,
students lack driving force of art creation. On this basis, wall painting
technology and VR technology were combined and applied in the course of
Illustration Design in this paper. According to the course requirement of
Illustration Design — many design cases, Illustration Design teaching mode
based on virtual wall painting technology was constructed. The study result
showed that, students more approved the new teaching mode, their interest
improved greatly and teaching efficiency boosted significantly. The teaching
mode can make up for defects of traditional art design teaching mode and
contributes to cultivating students’ art creation ability.

Keywords—Virtual reality technology; wall painting technology; case-based
reasoning teaching method

1 Introduction

As various kinds of assistant software including computer are generalized in the
educational field, computer 3D digital scene has received extensive attention, such as
virtual simulation campus, virtual experiment and virtual (distance) education. Virtual
education generated by sufficient utilization of 3D virtual scene is an important
direction of VR technology in the educational field [1]. 3D virtual scene generation
technology synthesizes computer graphic (CG), simulation technology, artificial
intelligence and display technique. Computer technology assists 3D virtual scene
modelling technology and display technique to form integrated applications. The
generated simulation system can provide users with visual virtual environment like
true environment. Learners can simulate teaching cases in the true environment. The
interactivity can make learners achieve situation-based learning. Especially for art
courses, the teaching method which is characterized by conception and interactivity
and generated on the basis of 3D virtual scene matches with creativity requirement of
art, and it will significantly improve the effect of art practice teaching [2]. The
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construction of Illustration Design teaching mode based on virtual wall painting
technology was explored in this study. Meanwhile, teaching process and effect
analysis of this teaching mode were investigated. Finally, the teaching mode for art
courses with VR function formed, in the hope of improving teaching efficiency of art
courses and enhancing learners’ art creation level.

2 State of the Art

With the development of e-media technology, “online life” has become a normal
living state of young people, which depends on the use of pictures which can be read
fast and visually. The requirements for picture quality become higher and higher. The
design effect of traditional graphic design means such as image processing and text
editing cannot conform to market demand. Free element, passionate creativity
characteristic and beautiful colors contained in illustration technology can make
visual effect and expression force of art more prominent and vivid. Hence, illustration
technology has been widely applied in each field such as advertising, books and
textiles [1]. Meanwhile, it also promotes the development of Illustration Design, and
proposes higher requirements for course teaching. During teaching Illustration
Design, the teacher should link theory and practice and teach through lots of
illustration examples to help students establish illustration thinking, independent study
and innovation ability [2]. Traditional Illustration Design continues the thought of
painting art teaching. Generally, the single teaching mode of “giving the lesson,
demonstration, and comment” and “listening, design, making and modification” is
applied. The teaching process lacks interestingness. Thus, it is hard for students to
understand relatively abstract knowledge on textbooks [3]. Due to the lack of teaching
assistance means, theoretical knowledge is more than design practice in course
content, and the design cases are not in-depth enough. Except simple skill expression,
[lustration Design teaching should turn to individual creativity performance
nowadays [4]. In Illustration Design teaching, the teacher should fully consider design
practice features and explore the appropriate course reform scheme.

The advantage of multimedia teaching lies in rich and diversified teaching
assistance means. It can supplement single and stiff teaching method of traditional
mode and provide multiple teaching cases simulating true situations. VR technology
can perfectly solve such demand. Domestic and overseas relevant experts have started
to focus on the application of various computer 3D digital scene techniques which
combine computer aided design technology (such as CAD) and VR technology in
educational reform [5]. Shelton [6] et al. applied 3D digital technique in science
course teaching, adopted case analysis method and found that the teaching method of
3D digital technique will further improve students’ knowledge understanding level.
Leary [7] proposed the effects of technology such as Chromebooks, Google Drive on
teacher learning and student activity in the development and implementation of a
deeply digital biology unit in the high school. By design-based implementation
research, teachers designed a student-centered unit aligned to the Next Generation
Science Standards (NGSS) in which classroom technology is applied together with
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researchers and course specialists. Lu [8] applied 3D digital technique in painting
teaching, and put forward an interactive and data-driven painting system which
applies scanned images of real natural media to synthesize both new strokes and
complex stroke interactions, which obviates the need for physical simulation.
Teaching practice showed that, 3D digital technique is more beneficial to improve art
effect of painting.

Virtual wall painting technology is a powerful tool of 3D visualization scene
technology applied in illustration course teaching field [9]. It is also a direction for the
course reform. In practice, the difficulty of 3D visualization scene technology is that
3D scene editing technology has high requirements for professional technology.
Generally, professional technical personnel need to consume lots of resources for
modeling. If product design and scene layout in traditional design can be used, the
technology can meet the demand of non-professional users and has important value
and significance for facilitating application and promotion of VR scene in the public
field. People start to focus on how to simple achieve 3D scene modeling in practical
application. 3D scene modeling needs to gain 3D information. According to modeling
information source, there is image-based 3D modeling approach and 3D scene
generation method based on natural language, etc. [10]. For design cases, image-
based 3D modeling approach is applied, that is, 3D virtual scene modeling is
generated on the basis of design draft. In traditional production, illustration
technology is further designed based on the draft. Thus, 3D virtual scene technology
of Illustration Design can be further studied and developed on the basis of 2D
illustration draft. The practice of professional content of Illustration Design can be
conveniently presented through wall painting means. In this study, an improved wall
painting method and device were used to implement it.

In the course reform of Illustration Design, virtual technology should be fully
utilized to form the learning situation and enhance practice training, i.e. enhance
design innovation ability training in the case of Illustration Design through certain
case-based reasoning learning process. In this study, how to form 3D visualization
scene, introduce it in Illustration Design and construct the new teaching mode was
investigated. The innovation points are as follows: 1. the mode achieves simulation of
3D visualized virtual scene on the basis of 2D draft of illustration technology, and can
give learners vivid case effect so that learners can profoundly experience and blend in
the scene of Illustration Design; 2. The mode utilizes a simple and feasible wall
painting technology and device to efficiently achieve generation and improvement of
Illustration Design cases and help show virtual scene and case of Illustration Design;
3. Through the study on the cases of Illustration Design, the most effective and most
suitable illustration case exhibition and optimization so as to gain the optimal effect of
applying “cases” to explain the “reason”. Illustration Design reform scheme was
studied through the above innovations, in the hope of changing the defect of
traditional teaching method of Illustration Design — inability to train high-quality
illustration design talents, and providing the reference for the course reform.
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3 Case-based reasoning teaching mode construction based on
Virtual Wall Painting Technology

3.1 Case-based reasoning teaching method

Case-based reasoning theory [11] aims to solve new problems based on the
previous experience in problem solving. Case-based reasoning teaching method is the
application practice of the theory in the teaching field. It emphasizes the learners are
personally on the scene in learning process and bring the knowledge learned into a
typical case to form the favorable substitution. Thus, the teacher should establish
teaching cases suitable for the course in sufficient accordance with teaching content
and learners’ features. In the deeply application stage of computer technology, case-
based teaching method can integrate multimedia technology and all kinds of teaching
information resources to create vivid and concrete classroom teaching situation so that
students can fully apply individual knowledge hierarchy in the vivid situation to
deepen their understanding of new knowledge and establish more advanced and
thorough knowledge framework system. The method manifests profound theories
through practical project cases or living example carrier, which can motivate learners’
learning enthusiasm and enhance students’ ability to analyze and solve problems. It is
the most remarkable superiority of case-based teaching method. Fig.1 shows learning
mode construction of case-based teaching method.
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Fig. 1. Learning model and learning platform diagram of case-based reasoning method

As shown in the above figure, the teaching case suitable for Illustration Design is
established through retrieving similar cases and modifying cases in each chapter of
[lustration Design. In the teaching process, learners carry out description, exhibition,
decomposition, reasoning and consolidation and form their own solutions through
independently exploring similar cases. Students apply these learning results or
methods again in the new cases and propose solutions to new cases. Under the
teacher’s guidance, the cases can become the works of this chapter. With the help of
the teaching platform, the content and speed of learning link can be grasped, and the
learning process of mutual help and interaction can be achieved smoothly.
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3.1 3D virtual scene generation based on wall painting technology

According to the features of illustration technology teaching course, 3D
visualization scene modeling method can be used to construct 3D virtual scene.
During generating 3D virtual scene in accordance with design plane draft, the CAD
software - SketchUp oriented to design process can be applied. The software owns
thorough draft creation and editing function, adopts the interaction mode of free-hand
sketch, simplifies icons of some tools and menu commands, and retains the common
straight line, rectangle, arc and other drawing tools. Most models can be made
through path following and model interlacing model. For operation convenience,
when the designer adopts the software to construct the complex 3D scene, most draft
elements can be added in the scene through interaction icon like picture splicing,
except some flexible elements which need to be drawn. Meanwhile, the top view
mode similar to 3D software is applied to generate 3D scene as required by the design
draft for the draft elements corresponding to editing operation such as move, rotate
and zoom. Thus, when the draft is applied to establish 3D scene, firstly, the
appropriate model structure and the objects of common models should be confirmed.
It is required to create corresponding draft elements and process draft elements into
corresponding mathematical expressions according to conceptual model description of
scenes so as to achieve simulation of 3D scene with draft elements. For example, for
the design of one wall, grid processing and editing of draft in local wall adjustment
modeling algorithm established by the study on five-layer wall information model of
Guan [12] and literature is used for description. The wall draft editing area is divided
into small squares whose wall thickness is the length of side (as shown in Fig.2).
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Fig. 2. Grid drawing method of wall draft
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The straight line wall can be conveniently described as the straight line wall
L =(h,P1,P2,ID). Wherein, P represents the two points that the mouse passes, i.e.
the starting point and ending point; h is the wall height; ID refers to the wall between
P1 and P2. Later, the wall shift and deletion are conducted. The designer draws the
wall through moving the mouse. The path that the mouse passes can be expressed and
stores with a series of sampling points. For some draft elements needing to be
designed, it is just necessary to operate in the mathematical model. If a curving wall
needs to be designed, the appropriate mathematical model of curving wall can be
used, such as Bezier curve model, as shown in Fig.3. It is supposed that two points P,

and P, are taken.
B(t)=Py+(P,—-Py))t=(1-t)P,+th, te[0,]1] e

Wherein, t is time. Through adjusting the coordinate positions of A, B and C, the
users just need to add a Bezier curve section where three control points (A, B, C)
shown in Fig.3(a) share the line, and can construct any wall draft of curving walls
through adjusting the position of three control points.
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Fig. 3. Diagram of virtual design of curving wall

For instance, whent=1, B'(1) = 2(C—P) vector can be gained, as shown in Fig.3.
Then, the slope of tangent line CD can be gained, and @ angle can be figured out. The
space coordinates C,.x , C,.y and C,.z of C, can be gained.

iJET — Vol. 14, No. 3, 2019 195



Paper—Illustration Design teaching mode based on Virtual Wall Painting Technology

C,x=Cx+wcosa 2)
C,.y=Cy+wsina 3)
C,.z=0 “

Other points are similar. Other design elements can achieve 3D virtual scene
generation of design elements through simplification with the above mathematical
model. In one word, the theory modeling as mentioned above can be applied to form
3D visual scene based on the draft. For wall painting design draft, the theoretical
model can be referred to establish 3D virtual scene.

A wall painting technology and device (patent application No.: CN107225904A)
were adopted in this study. The process is as follows: set up element position of each
partition for partition drawing according to 3D virtual scene procedure so as to
achieve the drawing process conveniently and accurately. The process can be referred
to the patent (patent application No.: CN107225904A).

4 Teaching Example and Teaching Effect

In view of the content of Illustration Design, the total class period was set to 56. In
teaching implementation process, the teaching and learning platform especially for art
courses as shown in Fig.4, and the learning software system especially for art courses
in the graph and image laboratory were fully utilized to carry out teaching practice for
one semester. In the teaching process, campus resource library was fully applied, and
students could learn on each function module of the learning platform and interact and
communicate with the teacher in real time. The teacher should help students make
their learning process smooth, organize cooperation and exchange and guide them to
choose and implement professional contents. In view of course requirements of
lustration Design, case operation link could be enhanced in each chapter according
to case-based reasoning method. Fig.4 shows the structure of illustration design
teaching module based on wall painting technology.

Test: contact, communication, upload update
homework. Learning process

evaluation feedback: evaluation,

Professional guidance: summing up feedback, communication, update

case knowledge points

Techniques summary: case summary, knowledge
materials summary
Case reasoning: learning consistency learning: presenting similar cases,

: learning guidance
Knowledge list: understand chapter

knowledge .
start: learning goals, case content,
The construction of learning patterns focus

Learning mode based on case-based reasoning teaching method

Fig. 4. Structure of illustration design teaching module based on wall painting technology

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



Paper—Illustration Design teaching mode based on Virtual Wall Painting Technology

4.1 Teaching example

The teaching mode designed could make students fully exercise knowledge points,
considers the tools and the contents of 3D virtual elements, and carefully focuses on
learners’ mastery of relevant elements in the last lesson. It should make learners
independently operate design elements of virtual wall painting technology so that they
could design basis elements smoothly. Proficient use of design elements of virtual
wall painting technology is a learning content of learners. In case study, the teacher
should give learners advice and necessary guidance from professional perspective.

For example, the teaching mode constructed for the chapter “Tulip Illustration
Painting” is shown in Fig.5. The similar case is lotus case learned in the last lesson in
which Bezier tool was also applied. Other chapters in the course were also subject to
the mode in Fig.5.

"Drawing Tulip Illustration” retrieval

based on the virtual technology of wall painting curriculum
teaching model New Illustrator Mission Expand

Teaching . .
S Self-exploration mode program learning mode

Lotus, Case study Case consolidation
etc of painting and promotion
Relying on wall painting technology to improve painting skills

The application of wall painting virtual technology Storage
Excellent work display and
exchange

Guidance

Fig. 5. Illustration Design teaching case based on virtual wall painting technology

4.2  Teaching effect

To test the teaching effect of the whole virtual teaching system, two parallel classes
were chosen (30 students in each class), and they were classified into experimental
group and control group. The questionnaire was applied to survey satisfaction of
students who used virtual teaching system and did not use it. The results are shown in
Table 1 and Fig.6. The teaching effect evaluation of virtual teaching mode was also
investigated, as shown in Table 2.

Table 1. Teaching satisfaction survey (%)

Group Very satisfied Satisfied General Dissatisfied
Experimental group 63 23 11 0
Control group 36 37 27 0
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Fig. 6. Comparison of teaching satisfaction in experimental group and control group

Table 2. Teaching effect evaluation (N=30)

Survey content Very agree Agree General Disagree
Enhance knowledge mastery (%) 46.5 29.3 24.2 0
Make student-teacher relation 60.5 28.5 11.0 0
harmonious (%)
Motivate learning interest (%) 45.1 47.2 3.7 0
Necessary to use continuously (%) 50.5 37.8 11.7 0

Based on Table 1, the proposed virtual teaching mode conforms to students’
learning acceptance features, and students’ learning satisfaction is high, indicating the
teaching mode is suitable for illustration art courses. According to Table 2, the
implementation of this teachings mode can make students closely combine
corresponding knowledge with real Illustration Design cases and practical operation
process, greatly motivates students’ learning interest and enhances students’ operation
ability. And, students and the teacher can fully interact in the teachings process. As a
result, student learning and teacher guidance can be fulfilled efficiently, and the
learning efficiency improves. The model can significantly change students’ passive
learning state under traditional teaching mode and make learners master basic
knowledge required in the design process and each detail in creation process, and
cultivate their independent design ability, which thus contributes to cultivating real art
design talents with high quality.

5 Conclusion

In this study, wall painting technology and virtual technology were combined, and
case-based reasoning teaching mode was integrated. In addition, Illustration Design
teaching mode based on virtual wall painting technology was constructed. The 2
parallel classes were chosen for the mode teaching and traditional mode teaching.
Through comparison of teaching effect evaluation for the one semester, it was found
that the mode well matches high requirements of Illustration Design for design
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innovation ability, and obviously changes students’ passive learning state under
traditional teaching mode, thus contributing to training real high-quality art design
talents.

The advantages of the proposed mode are as follows: the teaching mode obeys
case-based reasoning teaching method, utilizes a simple and feasible wall painting
technology and device, adopts 2D draft of illustration technology to transform to 3D
visualization virtual scene simulation for illustration learning, and brings illustration
art learners vivid case effect. Moreover, the teaching mode can arouse great learning
interest of learners so that learners can profoundly experience and blend in the
illustration design scene. Such efficient wall painting technology and device combine
3D visualization virtual scene simulation, achieves simple and convenient generation
and improvement of Illustration Design cases, well displays Illustration Design cases
makes the cases reappear and help learners easily solve implementation skills of
illustration design and making. In case study, learners need to continuously solve
various new cases, and grasp basic knowledge required in the design process, method
and thought to solve each detailed problem in the creation implementation process
through a series of processes including description, reasoning, decomposition,
consolidation, acquisition and guidance of similar cases. Meanwhile, learners’
independent design ability is cultivated and their art creativity can be cultivated. The
mode well adapts to art creation requirements and thus can be promoted in design
field involving innovation ability training.

6 Acknowledgement

This work was supported by University of Science and Technology Liaoning
Youth Foundation Project.

7 References

[1] Hou, S., Meng, X., Zhang, Y. Dynamic Generation Method of Virtual Coal Mining Scene
Based on 3D Entities Transformation and Combination. International Journal of
Multimedia &  Ubiquitous Engineering, 2016, vol. 11(11), pp. 223-234.
https://doi.org/10.14257/ijmue.2016.11.11.19

[2] Spee, J.C., Fraiberg, A. Topics, Texts, and Critical Approaches: Integrating Dimensions of
Liberal Learning in an Undergraduate Management Course. Journal of Management
Education, 2015, vol. 39(1), pp. 56-80. https://doi.org/10.1177/1052562914554485

[3] Hong, T., Zeng, Q.Y., Yang, Q.H. Application of Organizing Method in Course Design
Based on QC Group. Research & Exploration in Laboratory, 2012, vol. 31(1), pp. 138-141.

[4] An, Q. Thinking of Teaching Method for Rolling Element Bearing in the Course of
Mechanical Design. Higher Education in Chemical Engineering, 2014, vol. 31(1), pp. 81-
86.

[5] Jandri¢, P., Knox, J., Besley, T., et al. Postdigital science and education. Educational
Philosophy & Theory, 2018, vol. 50(1), pp. 1-7.

iJET — Vol. 14, No. 3, 2019 199



Paper—Illustration Design teaching mode based on Virtual Wall Painting Technology

[6] Shelton, A., Smith, A., Wiebe, E., et al. Drawing and Writing in Digital Science
Notebooks: Sources of Formative Assessment Data. Journal of Science Education &
Technology, 2016, vol. 25(3), pp. 474-488. https://doi.org/10.1007/s10956-016-9607-7

[7] Leary, H., Severance, S., Penuel, W.R., et al. Designing a Deeply Digital Science
Curriculum: Supporting Teacher Learning and Implementation with Organizing
Technologies. Journal of Science Teacher Education, 2016, vol. 27(1), pp. 61-77.
https://doi.org/10.1007/s10972-016-9452-9

[8] Lu, J., Barnes, C., Diverdi, S., et al. RealBrush:painting with examples of physical media.
Acm Transactions on Graphics, 2013, vol. 32(4), pp. 1-12. https://doi.org/10.
1145/2461912.2461998

[9] Aalbersberg, 1.J., Atzeni, S., Koers, H., et al. Bringing Digital Science Deep Inside the
Scientific Article: the Elsevier Article of the Future Project. Liber Quarterly, 2014, vol.
23(4), pp. 274-299. https://doi.org/10.18352/1q.8446

[10] Wojek, C., Roth, S., Schindler, K., et al. Monocular 3D Scene Modeling and Inference:
Understanding Multi-Object Traffic Scenes. Lecture Notes in Computer Science, 2010,
vol. 6314, pp. 467-481. https://doi.org/10.1007/978-3-642-15561-1_34

[11] Jani H M, Mostafa S A. Implementing Case-Based Reasoning Technique to Software
Requirements Specifications Quality Analysis. International Journal of Advancements in
Computing  Technology, 2011, wvol. 3(1), pp. 23-31.  https://doi.org/1
0.4156/ijact.vol3.issuel.3

[12] Guan, C.E., Dai, G.Z., Teng, D.X. Partial Adjustment Wall Modeling Algorithm in Virtual
Interior Decoration System. Journal of Graphics, 2003, vol. 24(1), pp. 1-7.

8 Authors

Lingling Zhang is a lecturer in the University of Science and Technology
Liaoning, Anshan, China (15040760968@163.com).

Article submitted 7 October 2018. Resubmitted 12 November 2018. Final acceptance 18 November
2018. Final version published as submitted by the author.

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



