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Abstract: With the rapid development of education and information technology, there has been an
increasing focus on maker education, which emphasizes cultivating students’ creative thinking and
problem-solving ability. This paper presents our efforts to create a 3D cartoon toy design curriculum
system that offers a playful and collaborative way to engage students with creation-based learning.
It consists of a 3D modeling software and a series of 3D cartoon toy design courses. The former
was developed according to students’ cognitive characteristics and hands-on operation habits, and
the toy design courses include activities such as hand-painting, computer modeling, pattern design,
handcraft, and creative display. This 3D cartoon toy design course was preliminarily implemented
in one kindergarten and two primary schools in Hangzhou, an eastern city in mainland China. A
learning assessment of participating students was conducted upon completion of the course. Results
show that (1) the initial attitudes of junior students towards learning 3D cartoon toy design were
mainly influenced by their interests, whereas senior students paid more attention to turning their
ideas into reality with the help of technical tools. (2) All students were highly successful at mastering
foundational modeling concepts, but the junior students were less successful at mastering abstract
modeling concepts. (3) The course was most successful in developing students’ collaborative ability
and content creation. (4) Additionally, teachers were successful at promoting a collaborative and
communicative environment. Findings are discussed.
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1. Introduction and Objectives

Nowadays, students are growing up with digital devices and innovative technologies
that influence their way of learning as well as their daily lives [1-3]. A surging number
of educators have been advocating the importance of maker education that incorporates
information technologies [4,5]. In a traditional classroom, it is common for the teacher to
talk and the student to listen [6]. However, maker education argues that a constructionist
learning approach, where students learn by doing instead of by listening, is advantageous
because it leads to more motivated students and a deeper understanding of the subject at
hand [5,7,8]. Maker education transforms classroom activities from teacher-centered and
didactic presentations to more interactive learner-centered, instruction emphasis transforms
from fact memorization to the skills of problem solving and analysis, progress is evaluated
by quality rather than quantity of output and criterion-referenced, and computers are
used less for drill and practice activities and more for communication [9]. At the same
time, maker education plays an important role in improving social and environmental
sustainability [10].

Based on the concept of maker education, we developed a curriculum system of 3D
cartoon toy design (Appendix A) and applied it in the practice courses of kindergartens and
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primary schools. On the basis of self-developed 3D design software, the course combines
painting and handcraft to teach students how to design and make cartoon toys. The main
contents of the course include designing and drawing cartoon images (hand-painting),
using modeling software to build toy models in 3D space (computer modeling), using
pattern design software to unfold 3D toy models into 2D patterns (pattern design), cutting
pieces according to 2D patterns, hand-sewing and decorating cartoon toys (handcraft), and
finally performing with cartoon toys (creative display). In this course, 3D modeling is a
process from 2D to 3D, pattern designing is a process from 3D to 2D, and pattern design to
sewing the toy is a process from 2D to 3D again. The two rounds of transformation from
2D to 3D and 3D to 2D deepen students’ understanding of the relationship between 2D
and 3D (Figure 1).

Hand-painting Computer modeling Pattern design Handcraft

Figure 1. The process of designing and making cartoon toys.

The purpose of this study is to demonstrate how cartoon toy design and computer
software can be used in the classroom and what students can learn with these tools. The
goal of the 3D cartoon toy design course is not only to instill technical knowledge, but also
to promote an interesting and cooperative learning environment. This paper applies the
Positive Technological Development (PTD) evaluation framework proposed by Bers [11] to
measure students’ positive and interactive behaviors in the course. Specifically, this study
raises the following research questions:

(1) What are the initial attitudes of students of different ages towards learning 3D design?

(2) What modeling concepts do students master after the 3D cartoon toy design course?

(3) How involved are students in different aspects of Bers’ PTD evaluation framework in
the 3D cartoon toy design course?

(4) What experience do teachers gain?

2. Related Work
2.1. Maker Education for Students

Although students are growing up in an increasingly digital environment, existing
school curricula do not always focus on exploring the digital world until later elementary
years. Only a few countries and regions have established clear policies and frameworks
for introducing technology to early education [12-15]. Maker education is comprehensive
quality education based on the integration of information technology and education, which
aims to provide students with a suitable environment, resources, and opportunities for
creation. Especially with the help of technical resources, the creative process can be
integrated into the learning process so as to realize creation-based learning [5], cultivate
a collaborative spirit, and develop problem-solving and innovation skills. This is also in
line with the training requirements for innovative talents in the sustainable development
process [16].

Most maker education courses focus on teaching and operation skills training of basic
knowledge such as electronics, mechanics, mathematics, and computers, or complex skills
training such as 3D modeling, manufacturing, circuit assembly, and programming [17-19].
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Although these courses require students to solve problems using a variety of knowledge,
they often focus on a certain technology or skills, but are less focused on comprehensive
quality [20]. This study aims to use technology, social interaction, and interactive activities
to help students construct their own understanding and enhance their comprehensive
learning ability.

2.2. Sketch-Based Modeling

In recent decades, 3D design technology has been extensively studied in both academia
and industry. With the software, users can design very complex and realistic 3D models.
However, the existing software has mainly been developed for professional designers and
the operations are too complicated and demanding for students. At present, there are very
few modeling tools for students, such as Tinker, 123D Design, etc. This software simplifies
the operations, but essentially follows the same workflow as professional software, so the
design thinking still cannot be expressed quickly and effectively.

In product design, sketching is an important tool for design thinking and commu-
nication, and is usually the first step in creation [21]. Sketch-based modeling simplifies
the traditional modeling approach, making it easier for students to build 3D models and
providing them with an interesting and hands-on 3D model design tool. In our method,
we realize an efficient and intuitive sketch-based modeling method by making use of the
information extracted from the image. We use automatic alignment and deformation to
replace the artificial selection to take more advantage of the input images, which makes it
easier for students to produce personalized models (Appendix A).

3. Methods

In order to explore the full picture of the experience of the 3D cartoon toy design
course, this study used a mixed-method research design that included data collected from a
sample of students and their teachers [22]. The quantitative data collection mainly included
students’ scores from an attitude survey, from 3D modeling knowledge evaluation and
behavior observation frequency, whereas the qualitative data mainly included teacher
interviews and daily records. The process of qualitative data collection included teachers’
opinions, feedback, and experiences, which could not be captured through solely quantita-
tive measures. Considering that there were many unstable factors in the data collection from
the sample population of students [23], the data collection method was more specific and
simplified, and information was mainly obtained through one-to-one question-and-answer
between researchers and students and classroom behavior observation.

3.1. Participants

We implemented this 3D toy design course in one kindergarten and two primary
schools in Hangzhou, an eastern city in mainland China. A total of 93 students participated
in this research (Table 1). The participating students aged from 6 to 12 years old, with an
average age of 8.7 years. These students came from public and private schools. All the
students consented to participate in this study. Five teachers from these schools also partic-
ipated as collaborators in the research. In addition, we undertook informal interviews with
co-teachers and assistant teachers whenever possible, seeking to gain valuable feedback
that would help us to gain a fuller understanding of the course experience.

Table 1. Sample information.

School Grade Sample Size Age
1 Kindergarten X K-3 19 67
2 Primary school Y First grade 18 7-8
3 Primary school Y Second grade 20 8-9
4 Primary school Z Third grade 19 9-10
5 Primary school Z Fourth grade 17 11-12
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3.2. Instruments
3.2.1. Students’ Attitude Survey

To build rapport, before the course, the teachers asked about the students” hobbies,
what they like and do not like at school, etc.—a measure that we found was effective at
putting the participants at ease. Next, each participant was provided with a short expla-
nation of the course and asked to fill out a structured questionnaire to gauge their initial
attitudes towards learning 3D design. The questionnaire was proposed on the basis of
Pupils” Attitudes Towards Technology (PATT) [24-26], which was the mainstream instru-
ment for ascertaining students’ attitudes. It included six dimensions (i.e., Interesting course
content, Group cooperation, Turning ideas into reality, Operating computers, Acquiring
knowledge, Challenging content) with 18 items, and a five-point Likert scale (Strongly
agree, Agree, Neutral, Disagree, and Strongly disagree) was used to assess their level of
agreement with the statements in the questionnaire.

3.2.2. 3D Modeling Knowledge Task

The research group developed the “3D modeling knowledge” task to assess students’
individual mastery of the 3D modeling software in terms of five functional modules: view,
geometry, deformation, symmetry, and combinations. Students sat down with researchers
one on one and were asked to help the researcher identify the way of modeling. For
example, the researcher asked, “Which tool should I use if I want to model a top hat?” with
the correct answer being the swing tool (Figure 2). After each question, students would
indicate the function they thought was correct and their answers were recorded. Students
received a point for correctly identifying one functional module, yielding scores ranging
from 0 to 5 (0 means that no function module was correctly identified, and 5 means that all
function modules were correctly identified).
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Figure 2. Using a swing tool to turn a curve into a 3D hat.

3.2.3. Comprehensive Competency Assessments

The comprehensive ability assessment was proposed on the basis of the Positive Tech-
nological Development (PTD) framework [11,27,28]. The goal of the 3D cartoon toy design
course is not only to instill technical knowledge, but also to promote an interesting and
cooperative learning environment. Therefore, we applied the PTD evaluation framework
to measure students’ positive and interactive behaviors and the evaluation index of such
behaviors in the course.

The PTD-based assessment focuses on six positive behaviors (Six Cs): communication,
collaboration, community building, content creation, creativity, and choices of conduct (i.e.,
positive behavioral choices). A checklist (Appendix B) assisted researchers in observing
and recording the occurring frequency of behaviors related to the six Cs.

For each of the six Cs, researchers looked for specific behaviors and marked the
frequency with which this behavior was observed during the 3D cartoon toy design course
using a 1-5 scale (1 = Never, 2 = Occasionally, 3 = Sometimes, 4 = Often, 5 = Always). For
example, for communication, researchers marked the frequency with which they observed
behaviors such as students exchanging ideas with each other and students seeking help
from and asking questions of one another. This assessment was performed by a trained
researcher at the end of each lesson in the 3D cartoon toy design course. Raw scores were
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averaged into a mean score for each of the six Cs for each lesson. The scores for all lessons
were then averaged to a mean composite score for each of the six Cs at the end of the course.

3.2.4. Teacher Interviews and Daily Records

After each 3D cartoon toy design lesson, the teachers were requested to complete a
structured daily record to motivate them, reflecting on the success and challenges during
the daytime lesson and describing the ways they adapted and personalized the course to
meet their students’ needs.

The teachers were also interviewed briefly by a researcher at the end of the class. The
interviews were open-ended, with the purpose being to listen to the teachers’ views and
insights on the 3D cartoon toy design course and determine whether they needed any
additional supports for the remainder of the research. Obtaining the practice and feedback
on the 3D cartoon toy design course by means of teacher records and interviews was a
direct way to learn the user’s attitudes towards the course and could help understand the
feasibility and potential problems in the course.

3.3. Procedure

The “design—make-display” flow was implemented as an 8-week extracurricular
course in kindergarten and primary schools. Lessons were taught by research assistants
and volunteer teachers from those schools (Figure 3). Volunteer teachers needed to have
an art or information technology background, and they needed to participate in a one-day
training on using the 3D modeling software. During this training, the teachers were also
introduced to the 3D cartoon toy design curriculum and all assessment measures and
activities they would need to implement through presentations and practical examples.
There was one lesson per week. The teaching hour depended on the ages of the students, as
younger students could only concentrate for a shorter period. In general, one lesson lasted
approximately 1 to 2 h. The contents were adjusted according to the characteristics of the
students. For younger students, the teachers explained and practiced modeling knowledge
through relatively simple 3D models. The teachers increased the complexity of explaining
and practicing the models along with the increasing ages of the students. The cartoon toys
designed and made by the students were as shown in Figure 4.

Figure 4. Cartoon toys designed and made by students.
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3.4. Date Analysis

Statistical analyses were conducted using SPSS version 22 (IBM Corp., Armonk, NY,
USA). Principal analysis procedures included the calculation of descriptive and frequency
statistics of the data. Cronbach’s homogeneity coefficient alpha (x) was employed to
determine the reliability and internal consistency of the attitude measurement section of
the instrument. The Cronbach «-value was acceptable (x > 0.7) and reliable. The Kruskal-
Wallis H test was used to determine whether there were significant differences in the 3D
Modeling Knowledge Task and Comprehensive Competency Assessment performance
based on the students’ grades. The results show that no significant differences were found
based on the students’ grade, indicating that all students were able to master the 3D
modeling concepts similarly regardless of the grade they were in. The content analysis
method was used to analysis the daily records and teacher interviews to corroborate the
findings of the descriptive analysis [29]. The researchers first examined the data, revealed
the pattern of codes, and then named the codes.

4. Results

The 3D modeling knowledge test and comprehensive competency assessment were
calculated and compared between the five grades. On average, the students in this study
successfully mastered the 3D modeling knowledge after completing this course, and their
personal comprehensive competency was greatly improved. Typically, their performance
increased by grade level, but not for each task.

4.1. Students” Attitude

By investigating the students’ motivation to attend the course, the questionnaire results
showed that the interesting attribute was the biggest reason attracting students to the 3D
cartoon toy design course. After cross-analysis of the data, it was found that lower-grade
students had relatively higher demand for experiential learning [30] such as interesting
course content and group cooperation. With the increase in students’ grade, their demand
for skills such as turning ideas into reality and operating computers and for knowledge
such as interesting and more challenging content rose, as shown in Figure 5.
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Figure 5. The motivation of students from different grades to attend the course.

4.2. 3D Modeling Knowledge

The students took a 3D modeling knowledge test after completing the course. Students
received scores ranging from 0 to 5 based on whether they could correctly answer each of the
five questions on the assessment. The overall mean scores from the 3D modeling knowledge
test were very high for all grades, indicating that students had a good understanding of
the function modules of the 3D modeling software. At the same time, the mean scores
of students of different grades showed certain differences. It showed an increasing trend
with an increase in age. As shown in Figure 6, kindergarten students had a good grasp of
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the modeling knowledge of view and geometry modules, whereas they had a relatively
weak grasp of the modeling knowledge of other modules. Grade 1 and grade 2 primary
school students had a relatively poor grasp of the modeling knowledge of deformation
function modules. Although the teacher explained and demonstrated the deformation
function in class, it was difficult for some junior students to correctly apply this function in
practice. It was possible that the deformation function was too abstract for junior students
to understand. Grade 3 and grade 4 primary school students had a relatively balanced
grasp of the modeling knowledge of all modules.
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Figure 6. Percent of students able to correctly identify modeling software function modules.

4.3. Comprehensive Competency Assessments

The cumulative mean score for each of the six Cs of the PTD framework was calculated
after the course. As shown in Figure 7, there was no significant difference between the
five grades. The 3D cartoon toy design course had the best performance in developing
students’ collaboration (mean score 4.18). The course involved students discussing and
completing the model together in the form of group cooperation. Especially in the process
of model making and displaying, students borrowed tools or provided materials from each
other more frequently, which was conducive to an improvement in their cooperation ability.
For content creation (mean score 4.06), students also showed better performance in using
software to build their own models and coping with problems in the modeling process. For
communication (mean score 3.62), many students asked teachers or their classmates for
help when they encountered problems, such as the specific use of a modeling function or
the use of modeling materials. Therefore, they had an ideal mean score in communication.
At the same time, most students were able to follow the classroom orderly and showed
respect to other students and teachers (choices of conduct mean score 3.01), and they were
also willing to share their work with the family (community-building mean score 2.98).
Students’ ability to apply technology in innovative ways had yet to be improved (creativity
mean score 2.19). In general, students used the functional modules of modeling software in
the way that the teachers taught them. They seldom independently developed other ways
of using software functions. In the process of modeling, they mainly used the conventional
materials produced by toys provided in the class, which had certain limitations on the
expansion of materials.

4.4. Teachers’ Experience

Based on the teachers’ daily recorded feedback, they were usually able to successfully
achieve their course goals. They chose to use a variety of guiding strategies when introduc-
ing complex concepts to the students. Some concept introduction strategies were directly
from the 3D cartoon toy design course, whereas others were the teachers’ own ideas. For
example, teachers introducing a new concept in class by presenting a story, game, or song
used a magic-like way to introduce the modeling tools (e.g., using the swing function to
directly turn a curve into a 3D hat). Sometimes teachers used small group discussions and
combined parental participation in the class.
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Figure 7. Cumulative PTD scores.

Teachers also proposed some suggestions for the adaptation and modification of the
3D cartoon toy design course to meet the needs of the students (Appendix C). In the
classroom, the teachers were encouraged to teach in a flexible way; thus, they could adjust
the course by adding or skipping some activities, or adjusting or changing the structure of
the activities and the length of the course.

In interviews and daily records, the teachers shared their experiences related to the
3D cartoon toy design course, and Appendix D shows of the most frequent experiences
mentioned by the teachers. From the perspective of the teachers, the course was successful;
it stimulated students’ interest, improved their self-study initiative, cultivated students’
comprehensive competency and hands-on ability, and allowed students to develop col-
laboration and communication skills. It is well known that creativity is stimulating in the
process of problem solving. Throughout the course, students acquired the social and indi-
vidual capacity for “learning” that went well beyond the limits of conventional elementary
education systems and met the need of sustainability [31]. That is, students actively partici-
pated in and promoted change, and were involved in problem-solving and action-taking
for sustainability. Through the information given by the teachers in Appendix D, we can
see students’ curiosity and their attempts to solve problems in their own way and apply
new materials were the main guiding factors stimulating the development of creativity. At
the same time, the teachers also mentioned the mutual communication and cooperation
between students in order to solve the problems in this process.

5. Discussion and Conclusions

This study collected data from students and teachers in China by quantitative and
qualitative methods, and conducted a comprehensive assessment of the 3D cartoon toy
design course through quantitative (students’ attitude, modeling knowledge score, and
comprehensive ability behavior frequency measurement) and qualitative data (teacher
interviews and daily records). Unlike traditional classroom instruction, the maker course
focused more on students’ acquisition of diverse knowledge in practice and taught them a
comprehensive set of practical skills, from design ideas to hand-making skills, that allowed
them to learn to express ideas in different forms and inspire potential in the learning of
skills. In the 3D cartoon toy design course, the students’ ability to explore, discover, and
construct their own understandings through the use of technology, social interaction, and
interactive activities helped to enhance their learning.

The course began with cartoon image designing, teaching students first how to design
cartoon toys, using 3D modeling software and pattern design software to design 3D models
and 2D patterns, then hand-sewing toys, and finally allowing students to display their
work in groups or as individuals. For senior students, relatively complex model cases in the
explanation and practice of modeling concepts were used, whereas for junior students, we
used relatively simple model cases in the explanation and practice of modeling concepts to
meet the needs of different students. For different students, in addition to the adjustment of
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class time and course content, we also examined students” abilities in computer modeling
to improve the teaching software.

This study mainly focused on the four issues mentioned in the introduction and led to
the following conclusions through the experiments.

(1) The attitude scores demonstrated that the participation of junior students in the course
was mainly influenced by the fun nature of the course, whereas the participation of
senior students in the course was more because of their demand for technology.

(2) The students’ 3D modeling knowledge scores demonstrated that all students were
highly successful at mastering foundational modeling concepts. At the same time, the
study provided preliminary evidence that 3D modeling software could be a useful
and educational tool in the classroom.

(3) The PTD scores indicated that students in this study showed high engagement across
PTD behaviors. Students not only had fun working during the course, but also
showed positive learning outcomes.

(4) Results from the teachers’ interviews and daily records indicate that the course was
not only a positive experience for students, but also for them. Teachers were able
to promote a collaborative, communicative, and creative environment in the course,
and were able to make flexible adjustments to the course according to the actual
classroom environment.

Practice results show that with the popularity of computer education, senior students
generally had good basic capabilities of computer operation. Almost all students in second
grade or above could operate computers for 3D modeling flexibly, whereas the computer
operation ability of lower grade students varied. Students could basically turn their own
hand-drawn manuscripts into a 3D model within the specified time. Because the modeling
software in teaching was a sketch-based modeling technique, students quickly grasped the
basic operations of modeling. Through the imitation and practice of cases, they mastered
modeling skills from basic geometry to simple cartoon modeling after two courses. Based
on feedback from the students, they were most interested in computer modeling—most
students said that the modeling process was challenging but interesting. As for other
aspects, students’ preferences varied, but most students believed that the whole course was
very interesting; they learned many new skills and they were very happy to design and
make toys by themselves.

This study preliminarily verifies the usefulness of the 3D cartoon toy design course in
students” education. The 3D cartoon toy design course is a participatory activity in which
students can also obtain positive learning outcomes while gaining a fun experience. They
were highly motivated and interested in using technological tools to learn. In kindergarten
and elementary school, students can use technology such as modeling software to learn
basic spatial geometry and gradually increase the complexity of learning as the grade
increases. At the same time, students can also cultivate their studies of traditional subjects
such as arts and crafts in the process of learning new technologies. The course encourages
students to engage in problem-solving, self-direction, and collaborative work and improves
students” comprehensive competency. Such learning helps students to translate skills,
knowledge, and attitudes acquired through coursework into forms that can be applied in
the working world and society at large.

6. Limitations and Foresight

The 3D cartoon toy design course is a brand-new course. So far, we have only carried
out a preliminary exploration. With the in-depth application of the course, the course,
software, and teaching all need to be continuously improved. Combining the maker space
and comprehensive practice classes in kindergartens and primary schools, we plan to
integrate the technical strength of the research team and the teaching experience of frontline
educators to attract more students to participate in education of 3D cartoon design. In
the future development, we hope to not only provide high-quality technical tools and
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courses, but also develop professional teachers to further enhance the influence of the
course on students.
Some limitations of this study also need to be addressed in the future.

1. It takes too little time to complete the 3D cartoon toy design course in eight weeks,
especially for kindergarten students, who cannot fully understand and practice the
learning concept. Lower-grade students with slower behavior need more time to learn
and practice than upper-grade students. Although they could complete the course
content and tasks and produced their own cartoon toys, students in lower grades
rarely made complex ones.

2. Asan exploratory study, this paper applies only to a small sample population. Future
research can expand the sample size to produce broader results.

3. The tools and courses can be adjusted and redesigned accordingly.

Two main additional future tasks can be considered:

1.  The deformation function modules of the tool can be simplified to give students
more convenience.

2. The demonstration of abstract modeling concepts can be strengthened to further
educate students.
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Appendix A. Developing a 3D Cartoon Toy Design Curriculum System
Appendix A.1. 3D Cartoon Design Software

To enable students to explore and build 3D cartoon models easily, we developed 3D
cartoon design software using the techniques of sketch-based search and composition,
which maintains the usability and improves the speed and efficiency of modeling (citation
will be added after anonymous review).

The core concept of our software is to build a 3D cartoon model on the basis of an
image. The 3D modeling module takes a cartoon image with the target object as input
(Figure Ala) and extract contours consisting of lines and graphics (Figure Alb). Students
can draw a closed sketch line along the shape that he/she is interested in (Figure Alc). The
system automatically matches the contour lines that the student is interest and adjusts the
sketch line to snap the target shape in the image (Figure A1d). The aligned sketch line is
then used to search for the best-matching part from the part database using the retrieval
method (Figure Ale). Each part is categorized and stored with its boundary contours and
shape descriptors with six views. The selected part is placed in the appropriate position
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with the proper orientation and size (Figure A1f) and automatically deformed to fit the
target shape (Figure Alg). Following the same procedure, students can achieve a complex
3D model for their cartoon character after all parts are created (Figure Alh). After the 3D
model is created, students can paint textures on the 3D object to finalize the modeling.
In addition, the software interface is intuitive (Figure A2), and beginners who have no
experience in 3D modeling can learn and master the operation in a short period of time.
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Figure A1. Process of 3D modeling: (a) cartoon drawing; (b) contour lines; (c) drawing a sketch line;
(d) aligned sketch line; (e) part retrieval; (f) part placement; (g) part deformation; (h) final 3D model.
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Figure A2. 3D modeling software interface.

The pattern design module of our software (Figure A3) generates 2D patterns of 3D
models. It expands the 3D curved surface into a 2D plane automatically, thereby achieving
3D to 2D conversion (citation will be added after anonymous review). The resulting 2D
pattern can be used to cut the fabric and complete the production of the cartoon toy.
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The workflow of the pattern design module is first, to draw the suture on the surface
of the 3D toy model, then spread the 3D pattern onto the plane to automatically get a
2D pattern. Our method of automatic computer pattern design is easy to operate, and
beginners can learn the basic operation in one or two hours.

Using 3D design software as an instructional tool in the course can help students
cultivate their computer operation ability and 3D design ability, enhance their spatial
imagination, help them understand the concept of basic geometry and image transformation
(rotation, movement, and zoom) and the relationship between space and plane, and help
them master the method of cartoon toy design. The learning of 3D software can also
develop many other aspects of students’ abilities. For example, early access to technical
tools allows students to develop good hands-on skills and coordination skills, and promote
cognitive, collaborative, and teamwork skills [9].
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Figure A3. Pattern design software interface.

Appendix A.2. 3D Cartoon Toy Design Course

Because creativity is a skill that can be both taught and learned, the development
of digital games as teaching or learning tools can stimulate students’ learning motiva-
tion [32], improve their academic achievements [33], and cultivate their higher-order
thinking skills [34], such as creativity, problem solving, collaboration, and critical thinking.
Prensky [35] pointed out that creativity is stimulated in the process of problem solving.
In addition, creative teaching refers to teaching techniques that help students learn new
materials so that they can use knowledge to solve new problems [36]. Kiili et al. [37]
argued that games meet the basic requirements of the learning environment and provide
fascinating learning experiences for students. Some studies have found that dance, chess,
rock climbing, and other activities help enhance students’ learning ability.

This study intends to attract students” attention and enhance their motivation by
integrating game elements into the course. The course adopts the teaching mode of “learn-
ing by doing” [38], which contains elements of imagination, curiosity, and challenge. It
encourages students to solve problems in their own way, allows students to learn and create
in an autonomous and open space, and provides free rein to their creativity with technical
support and teacher support. It encourages children to transform their tacit knowledge into
explicit knowledge [39] within the modeling process. The course integrates the process of
technical production and artistic creation, which cultivates students” hands-on ability and
creativity. In addition, whether individually or in groups, students can increase communi-
cation with peers or teachers in the process of problem solving and improve the possibility
of problem solving through cooperation, a process that also cultivates students’ teamwork
and problem-solving skills.

The logic of the course is “design-make-display.” “Design” is the most essential part
of our course, which consists of three units: 2D hand-painting, 3D design and modeling,
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and pattern design. The hand-drawing course focuses on designing painting and teaching
students to master the methods of cartoon image design and drawing. The 3D design and
modeling course teaches students how to use 3D modeling software and build their own
toy models in 3D space. Before making a cartoon toy, students need to learn to use the
pattern design software to divide the 3D toy model into a 2D pattern. The “make” part
includes a series of activities done by hand. When the pattern is printed, students can cut
the pieces according to the pattern, hand-sew and decorate them, and finally complete
their own cartoon toy design. The “display” part encourages students to share their work
in a fun and creative way. Figure A4 shows the five units of our “design—-make—display”
cartoon toy design course.

()

Figure A4. The example of the 3D cartoon toy design course process: (a) image design and drawing;
(b) 3D design and modeling; (c) pattern design; (d) handcraft; (e) creative display.

e  Unit 1: Inspire Creative Thinking: What Is the Cartoon Image Design?

Cartoon painting with pens and paper is a natural activity and an important experience
for students to practice and express their creativity. During the first lesson of the course,
students can explore the basic design process and method of cartoon imaging and learn
how to design three views of the cartoon image.

On the basis of traditional art classes, it integrates the training of three-view painting
in engineering drawing and infiltrates spatial thinking into the study of art classes to help
students improve their ability to observe life and inspire their spatial imagination so as to
pave the way for subsequent 3D teaching.

e  Unit 2: From 2D Drawing to 3D Modeling

After students have mastered basic 2D cartoon image design methods, they are intro-
duced to the concept of 3D modeling and use 3D modeling with our software.

In addition to increasing proficiency in computer operation, this unit helps students
deepen their understanding of geometric knowledge in mathematics. Students can gain a
basic understanding, from point, line, and plane to spatial geometry (balls, cones, cubes)
during the modeling process, and deepen their understanding of mathematical concepts
such as symmetry, rotation, and translation through software tools. Constructing a 3D
model by sketching contours can greatly reduce the difficulty of modeling for students,
improve the fun in the classroom, stimulate students’ interest, and enhance their initiative
in independent learning.

e  Unit 3: Pattern Design: Exploring the Relationship Between Body and Surface

By exploring the connection between body and surface via pattern design, the students
can think independently while learning new skills, such as exploring various expansion
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methods of the same geometric object and the influence of the length of the stitch on the
shape of curved surface. The entire pattern design process is to enable students to have a
more in-depth understanding of the transformation between body and surface to further
expand their spatial thinking ability. We also encourage students to apply zero-waste
design practices [40] to the setting of patterns to cut off the 2D pieces to compose the
physical toys.

e  Unit 4: Handcraft

In this “make” unit, students are exposed to a variety of fabrics and materials to
understand their properties for practical application and are encouraged to adopt environ-
mentally friendly materials. Students can master sewing skills and learn basic stitching
skills in the course. At present, there are only a few kindergartens and primary schools
in China with sewing classes, and only a small number of schools in large cities have
specialized sewing classrooms. As one of the traditional forms of craftsmanship, sewing by
hand is more suitable for students in terms of safety and operability than sewing machines.
The course not only promotes traditional culture, but also enhances students’ practical
ability and environmental awareness. In addition to basic sewing, students unleash their
creativity, such as making use of waste and using buttons and pins to decorate cartoon toys
to make their own contribution to environmental sustainability.

e  Unit 5: Interactive and Creative Display

Interactive teaching runs throughout the course. Teachers comment on students” work
in each class, and students also conduct mutual evaluation. In this way, students compete
and encourage each other. It changes the passive form of knowledge acquisition in the
traditional classroom so as to inspire students’ initiative and creativity in learning. As a
comprehensive practical course, the course is not only designed to develop students’ design
and production skills, but also to develop their ability to express and collaborate. The course
includes a form of group work that allows each student to independently complete their
work while also helping others solve problems. In the final group presentation, students use
their cartoon toys for creative display. Students can demonstrate their creativity multiple
ways, such as through dramas and storytelling, which can not only enhance their oral
expression skills and stage performance, but also enable them to experience happiness and
satisfaction from cooperative performances.

Appendix B

Table Al. Six Cs and explanations.

Six C’s Definition
Communication Students exchange ideas with each other.
Students seek help and ask questions.
Collaboration Students work with others and willingly cooperate on a shared task.

Students borrow materials from or provide them to each other.

Students volunteer to share their work with others.

Community building Students enhance the quality of their relationship with others.

Students use a computer application to create content.

tent ti . .
Content creation Students debug problems in their work.

Students use a variety of materials for their work.

Creativit i i
reativity Students use technology in creative ways.

Students follow classroom rules.

Choi f conduct
olces of conduc Students respect other students and teachers.
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Appendix C

Table A2. Examples of course adaptation and modification.

Types of Changes Examples/Quotes

Before the cartoon image design, students are asked to show what kind

Adding activities of toy image they want to design, and why they want to make such a toy.

Some teachers’ introductions and demonstrations of software functions
Skipping activities and material applications are deleted, enabling students to explore the
functions of software and the features of materials in hands-on operation.

The mutual evaluation among students is adjusted to mutual evaluation
Adjusting activities between groups so that students can be more team-oriented in
competition.

The time of the paper pattern design is shortened and the time of
Adjusting time handcraft course is increased. Students usually cannot complete the
sewing of the toy in two lessons.

Appendix D

Table A3. Frequent experiences mentioned by teachers.

Themes Explanations

Students were very curious about the course content, and
Learning interest eager to participate. They wanted to design and produce
their own toys.

Students actively explored how to use the software.

Autonomic learning Students tried to make toy models with different materials.

Hands-on ability Students carefully sewed their toys and filled them.

Students cooperated with each other.

11 i icati . . . . .
Collaboration and communication Students actively participated in group discussions.
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