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Foreword by the Chair 
 

This issue is the volume 13 and number 1 of this journal, which contains a total of two original 

research papers in English, and three original research papers in Chinese. The first two are papers 

Merge Cube in Glycoscience 

This research aims to combine Merge Cube with biomedical knowledge and 

develop an interesting and innovative learning experience for adolescents. All the digital content 

will then be integrated into a mobile app in the end. Once the app is opened, users can hold the 

Merge Cube in front of their smartphones, and enjoy the digital content, including 2D teaser 

animation, RPG dialogues, 3D anim

Computer Role-Playing Game 

The Input-Process-Outcome Game Model was applied in this study to 

essentially produce and develop a computer role-playing game. The results of this study can 

provide instructors with a reference that teaching method of computer role-playing games can 

effectively improve students' learning motivation, attitude, satisfaction and usefulness. The other 

 research 

 integration of tabletop games into mathematics 

earch aims to develop a multimedia functional fitness mobile 

application(APP) for the elderly, collect the key points of the elderly user interface design through 

literature, and complete the functional fitness web application after interviews users and experts to 

obtain improvement opinions. By comparing the functions of the normal physical fitness model 

database, the elderly can understand where their physical fitness fails and exercise according to the 

prescription given by the mobile application to strengthen self-

between the feature of virtual characters and the media. Through literature discussion and analysis 

of the meaning of role definitions, the relevance of media forms and characteristics, through the 

establishment of three eras of virtual character development to summarize 4 traits orientations and 

6 types and values, and select images represented from types of characters and 10 media 

characteristics to develop a scale.  To sum up, there were 1  manuscripts submitted to this issue of 

the journal, and 7 papers passed the internal review and entered the double anonymous review 

processes, 5 papers were accepted for publication eventually. Thanks to the authors for their 

contributions. Special thanks also go to the reviewers for their professional assistances. 
 

Chairman  Kuo-Kuang Fang 
 

2021.6.25
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The Application of Augmented Reality using Merge Cube in 
Glycoscience Dissemination

Gwo-Long Lin
Department of Digital Media Design, I-Shou University, Taiwan, gllin@isu.edu.tw

ABSTRACT

Biomedical knowledge is often considered difficult for adolescents. However, if we can apply the right tools 
effectively in education, it would be easier to help expand adolescents’ scientific knowledge. In recent years, the 
application of Merge Cube in Augmented Reality has gradually expanded to science education for adolescents. 
Since Merge Cube is regularly used with a single-function app and is rarely story-driven, in our research, we 
applied Merge Cube to a multifunctional app and emphasized more on the story elements. With the teaser 
animation as the opening, the whole project is story-driven and designed in an integrated AR environment. The 
digital content in the project includes five themes, which are 2D interaction, 3D animation, 3D games, the hall 
of fame, and website, aiming to create an entertaining and educational innovative field while the adolescents 
learn about biomedical knowledge. This research is an interdisciplinary project. The biomedical materials are 
provided by The Department of Biological Science and Technology of I-Shou University. From these materials, 
we use Merge Cube as the platform and Unity software as an integration tool to produce and design digital 
content respectively throughout this large-scale project. All the digital content will then be integrated into a 
mobile app in the end. Once the app is opened, users can hold the Merge Cube in front of their smartphones, and 
enjoy the digital content. After the project is completed, we conducted four exhibitions respectively in Pingtung, 
Chiayi, Kaohsiung, and Penghu in cooperation with the popular science dissemination activities held by the 
Ministry of Science and Technology. According to our survey on the participating students in the exhibitions, 
over 90 percent of students believed this project helped them understand more about biomedical knowledge and 
considered the digital content intriguing. The results indicate that the project have received positive affirmation.

Keywords: Augmented Reality, Merge Cube, 2D teaser animation, 3D animation, 3D game

1. Introduction

According to research from Market Analyst 
Digi-Capital, Augmented Reality (AR) and Virtual 
Reality (VR) startups have continued to break 
records in the amount of money fundraised globally 
in 2019. Despite the epidemic last year, the effect 
seemed to be limited, since the AR/VR market is 
predicted to reach over $65 billion in 2024 
(InfoTimes, 2020). With the debut of Pokémon Go, 
AR games have proved their capability to catch the 
attention of the mainstream population (Jang & Liu, 
2020). These reports showed that as Reality 
Technology has begun to ignite digital 
transformations in all industries, and vendors are 
sure to grasp this business opportunity. Thus, the 
application of AR technology will become more 
common in our daily life and is expected to influence 
our future greatly.

Reality technology can also be largely used in the 
Biomedical industry. In Taiwan, cancer is listed as 
the first leading cause of death. Cancer treatment has 
gradually transformed into Precision Medicine, a 

type of treatment that focuses on the patient as we 
gain more understanding of tumor molecules. Once 
the biomarker, including Glycoprotein which is 
related to the connections between cells, inside the 
patient is identified, the suitable Targeted Drugs will 
be chosen as the treatment (Janiaud et al., 2019). 
Since the Glycoconjugates of cancer cells tend to 
perform abnormally, immunotherapies that directly 
affect protein or Glycoprotein Antigen have begun to 
receive interest (Yu et al., 2020). One of the 
immunotherapies includes vaccines made from 
Glycoprotein. However, related biomedical 
knowledge such as Glycoprotein, Precision Medicine, 
Targeted Drug, Genetic Test, etc. isn’t commonly 
known to adolescents. As for questions such as what 
Glycoprotein is, what the theory behind Precision 
Medicine is, whether Targeted Drugs have side 
effects, and whether everyone needs to run a Genetic 
Test, may not be easy to master if one doesn’t have a 
medical background. Moreover, biomedical 
knowledge is normally considered monotonous and 
difficult to understand without an effective teaching 
tool. Thus, if the trend of using reality technology 
could also be applied in the biomedical field, 
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adolescents are more likely to be attracted.

Therefore, in this paper, we will focus on the 
application of AR technology in disseminating 
Glycoscience, one of the fields in biomedical 
knowledge. With interdisciplinary cooperation and a 
new kind of AR application, we expect to help 
adolescents understand difficult biomedical 
knowledge and provide them an innovative and 
interesting learning experience.

2. Literature Review

Augmented Reality is a type of interactive 
technology that extends digital data, such as sound, 
images, videos, etc. to the physical world. This kind 
of technology overlaps 3D virtual objects and the 
physical world can display unlimited possibilities. A 
foreign entrepreneur, Butcher (TNW, 2013), even 
predicted that the combination of digital technology 
and the physical world will be the main battlefield 
for tech companies and that AR will bring 
unexpected influences to the world just like what the 
internet did in 1995.

To define Augmented Reality, Azuma (1997) 
proposed at least three characteristics: (1) Integrates 
the virtual and physical world; (2) Be able to achieve 
instant interaction; (3) Be able to operate in the 3D 
environment. As for its methods, AR technology is 
demonstrated with AR display technology and 
recognition technology. As a type of visual 
amplifying technology, AR is greatly related to 
display technologies, which includes head-mounted 
technology, non-head-mounted technology, 
transparent panel, holography, etc. These types of 
technologies can display both real-world and virtual 
objects. As the core technology of AR, recognition 
technology helps identify real-world objects and then 
precisely overlap virtual objects to where the 
real-world objects are. Thus, this kind of technology 
has been diversely applied in specific marking, 
image recognition, feature recognition, and GPS 
navigation.

The main components required to build an AR 
system include a monitor, tracker (camera), and 
design software (recognition technology). In recent 
years, these components have greatly evolved in 
their efficacies, which relatively led to more 
applications of AR. Feiner (2002) introduced 
multiple possibilities of AR applications in the future, 
some of which have already been commonly seen in 
different fields. For example, in the creative and 
cultural field, you can use smartphones to play AR 
games at historical sites (Ardito et al., 2007), or 
experience an amusing guide on Taiwanese temple 
culture (Chang et al., 2019); in education training, 
AR can be applied to help students explore campus 

and outdoor activities (Liarokapis & Freitas, 2010; 
Wang et al., 2011; Mendenhall et al., 2012); other 
applications also include digital learning (You & 
Neumann, 2010) and music entertainment; in the 
medical field, AR can be applied to surgeries (Ha & 
Hong, 2016) and anatomy education (Hackett & 
Proctor, 2016). With the development of technology, 
AR systems in the medical field have established 
higher standards than before. The comparison of 
patients’ medical data before and during surgeries 
relies on accurate AR rendering (Kalia et al., 2019). 
Besides improving the accuracy of surgical 
procedures, AR systems also helps decrease the 
uncertainties of surgical outcomes (Hosseinian et al., 
2019). Thus, compared to common medical methods, 
Medical AR systems are also extremely costly. 
(Parekh et al., 2020).

In contrast with AR systems used in the medical field, 
the AR system and the tools we used in this project 
differ greatly in positioning. According to the 
requirements of the Ministry of Science and 
Technology, the target audience of this project is 
students below the first year in high school, and the 
project aims to disseminate biomedical knowledge 
with AR. Also, according to market surveys, Merge 
Cube (Merge Lab, Inc., 2021), the carrier used in this 
project, is suitable to be integrated into adolescent 
education or entertaining activities due to its pleasant 
looks and its resemblance to a magic cube. Its 
inexpensive price also makes it perfect for 
dissemination in schools. Moreover, Merge Cube can 
be applied in the medical field. Uppot et al. (2019) 
proposed a way of using Merge Cube in radiological 
medicine to help students improve their stereoscopic 
observation by rotating the cube with their 
smartphones in front of the cube, as shown in Figure 
1. 

Figure 1. The application of Merge Cube in 
radiological medicine (Uppot et al., 2019)
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Thus, we will use the Software Development Kit 
(SDK) provided by Merge Cube as a base to 
organize and develop a large-scale Glycoscience AR 
project system which is different from the common 
single function Merge Cube without an interesting 
background story.

3. Executive Conception

Biomedical is a professional field, which makes it 
difficult for adolescents to understand or get 
involved in it. Hence, we decided to adopt 
cross-disciplinary teamwork in this research. Works 
in this project are divided into three parts and are 
assigned to three departments respectively. The 
Department of Biological Science and Technology of 
I-Shou University is responsible for providing 
frontier biomedical knowledge and related materials. 
They made the final decision to set our project topic 
on Glycoscience. Our department, the Department of 
Digital Media Design of I-Shou University, is 
responsible for planning, designing, and developing 
the amusing and innovative popular science resource 
module. After the module is finished, The Institute of 
Education of National Yang Ming Chiao Tung 
University then proceeds to carry out analysis and
evaluation research on their partnered junior and 
senior high schools according to this module. 

In this paper, we will put our focus on building 
resource modules of popular science education. We 
will disseminate Glycoscience knowledge with AR 
technology, using the basic concepts of popular 
science. For instance, Globo H, the mutation of the 
monosaccharides on Glycoprotein, is a vital index of 
cell canceration, which makes a great impact on our 
health, and we expect to use AR technology to help 
disseminate the importance of Glycoscience. The 
whole implementation includes three main parts, as 
explained below:

3.1 Planning Process

First, we include some of the popular science 
materials as our dissemination material and use them 
as a concept to develop our storyline. With the 
assistance of digital media, such as visual images, 
reality technology, animation, game, sound effects, 
visual effects, etc., even the most monotonous 
popular science materials can be transformed from a 
regular 2D form into a vivid 3D animation with a 
group of wonderful characters. Players can then be 
led into the intriguing multimedia world.

The storyline we adopted in the project is about how 
the main character fell into the Magical School, and 
started an adventure in the human body, leading to a 
series of magical trials and levels to complete. As the 
story begins to develop, we add biomedical-related 
questions to the different levels the character needs 

to pass. Through the interaction between the 
character and virtual objects, players will find 
themselves immersed in the gaming world, and 
begin to get more and more familiar with biomedical 
knowledge as they go through the well-designed 
levels in our game.

The main points in designing and planning this 
research are explained below:

(1) Integrated Merge Cube AR Environment: 
Generally, Merge Cube demonstrates a single 
function at one time, such as displaying images, 
videos, animation, games respectively. In this 
project, we combined the digital content and 
made them into an integrated AR demonstrating 
environment as a response to the project 
demands.

(2) Story-driven: Generally, Merge Cube will not be 
demonstrated in a story-driven way. However, 
to attract attention from adolescents, we 
designed a teaser animation as the opening and 
connected all the content in the demonstration 
with a story. 

(3) Amusing experiences during the game: The 
interesting virtual characters with lovely looks 
in the teaser animation helps stimulate players to 
learn more. Following up is the interactive RPG 
dialogue with virtual characters, which will 
encourage the players to begin the learning 
mode and challenge mode in studying 
Glycoscience and lead to an intriguing 
experience for the players.

(4) The Hall of Fame: The hall of fame in 
Glycoscience is aimed to encourage adolescents 
to learn from these great scholars and let the 
adolescents know how these scientists have a 
place in the world due to their outstanding 
contributions in Glycoscience research.

3.2 Script Composition

We set up the background of our story by combining 
the cultural and creative elements we planned. Lily, 
the main character, is a student who enjoys playing 
around more than studying. One day, she 
accidentally fell asleep in her biology class and got 
sent to the Magical School. Once she arrived, she 
was told by the Dean of the Magical School that if 
she couldn’t complete the task he assigned, she 
wouldn’t be able to return to the real world.

Another character in the story is Lily’s friend during 
the journey, Carby. Carby is designed according to 
Glycoprotein, the key of the communication between 
cells (FKC, 2015). The former Dean of Academia 
Sinica, Chi-Huey Wong once mentioned (Wong, 
2017): Globo H is the special carbohydrate antigen 
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on many types of cancer cells, and it is also an 
oligosaccharide that includes six monosaccharides. If 
a vaccine contains a high concentration of Globo H, 
the human body will be stimulated to produce lots of 
antibodies, which may lead the immune system to 
attack the cancer cells that contain Globo H. Hence, 
Globo H can be seen as a powerful tool to fight 
against cancer in Glycoscience, and this is also why 
we decided to use Globo H as our main concept in 
the 3D animation of the Glycoscience knowledge 
dissemination.

Glycoprotein is composed of monosaccharide and 
protein, and it has four great characteristics (Pang, 
2014): (1) Glycoprotein can transfer information 
according to its shape and order; (2) it serves as the 
main communication channel between cells and 
systems; (3) it helps recognize and prevent invading 
cells, bacteria, and virus; (4) it notifies the immune 
system to destroy invading harmful elements. Thus, 
using Glycoprotein as the model, we designed Carby. 
Throughout the story, Carby will stick on the surface 
layer of cells and help Lily go through her journey 
successfully by completing different missions with 
her and helping her attack viruses and cancer cells.

3.3 Implementation

To build a cultural and creative visual design, the 
structure of the AR Glycoscience system 
implementation, shown in Figure 2, mainly contains 
2D interaction, 3D animation, 3D game, the hall of 
fame, and website. Among them, interactive 

education is the core content. The concept and plans 
of each part of the system structure are mentioned 
below:

3.3.1 2D Interaction

2D Interaction mainly includes teaser animation and 
RPG dialogues. We personify the popular science 
elements and use 2D design to virtualize the 
characters and scenes, resulting in the characters Lily 
and Carby, etc. Vivid teaser animation is then used 
to introduce the storyline, allowing players to 
immerse themselves in the virtual world full of 
science knowledge. This kind of demonstration is 
much more effective in attracting users’ attention 
compared to traditional learning methods.

The RPG dialogues will demonstrate the process of 
Lily’s adventure, in which Carby will appear, give 
her a hand, and complete the challenge with her.

3.3.2 3D Animation

3D animation is designed as learning mode. Players 
are expected to acquire the basic knowledge of 
Glycoscience step by step first before they enter 
challenge mode in the 3D game, and help Lily return 
to the real world. Moreover, we divided the 
Glycoscience knowledge into two levels. The 
introduction of monosaccharides is shown in the 
basic level animation, while the mechanism of 
monosaccharides is shown in the advanced level 
animation.

Figure 2. The structure of the AR Glycoscience System Implementation
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Since the production of 3D animation can be 
complicated and we only have limited manpower, 
time, and budget, it would be hard work for us to 
showcase a Disney or Pixar-level work by the time 
the project is due. Therefore, we discussed with our 
partner, EpixVR Co., how we can make the best out 
of our limited resources, and the solution we came up 
with is a 2D and 3D mix display method. With the 
combination of Merge Cube and AR applications, we 
will use different display methods in the foreground 
and background. The smartphone frame (2D 
character animation) will be in the foreground, while 
Merge Cube (3D animation) will be used in the 
background.

3.3.3 3D Game

The 3D game is designed into challenge mode. 
Players need to complete the basic game before 
entering the advanced game. The basic game is 
designed to raise interest in Merge Cube. Players can 
shoot at the cancer cells or viruses that carry 
abnormal monosaccharides with the telescopic sight 
in the game. The advanced game, on the other hand, 
is designed to challenge players to complete the 
level, and help Lily go back to her school in the real 
world. Hence, in the game, we will set up a maze on 
the six sides of Merge Cube, imitating the multiple 
obstacles that can be on a cell’s surface. Players need 
to use all they have learned to overcome the 
challenges and answer the questions correctly. 

With the challenges and questions, players can not 
only immerse themselves in the game but also check 
how much they have learned about Glycoscience.

3.3.4 The Hall of Fame

This part is aimed at introducing the outstanding
scholars in Taiwan who have contributed greatly to 
Glycoscience research and letting the players learn 
about the scholars’ outstanding accomplishments in 
this field. Since Chi-Huey Wong Fellow returned to 
Taiwan, Glycoscience research has begun to attract 
more and more scholars both domestically and 
abroad in Taiwan. To date, Taiwan has grown to 
loom large in the Biological Technology 
Glycoscience field globally. Although there are lots 
of outstanding scholars in this field, due to the 
limited space to present data in this project, we are 
advised by Professor Chih-Hui Yang from The 
Department of Biological Science and Technology of 
I-Shou University to list Chi-Huey Wong, Fu-Tong 
Liu, Alice Lin-Tsing Yu, John Yu, Wen-Lian Hsu, 
these five scholars in our project, and let the players 
learn more about their contributions.

3.3.5 Website

To display our work on the web and increase our 
exposure, a website for AR application in 
Glycoscience dissemination is built with free website 
design software.

4. Results

Tim Brown, the master of Design Thinking, once 
mentioned that the final key element of design 
thinking is developing a script and telling a good 
story (Brown, 2009). To make Glycoscience 
knowledge easier to digest for adolescents, we 
followed this concept and designed a story. The story 
is set at a Magical School as the main characters go 
through a series of adventures during their time in the 
Magical School. The project follows the 
implementation concept we came up with, using AR 
Merge Cube as the integrated display platform and 
Unity software as the tool to build into an Android 
app. The final app is demonstrated with the 
smartphone, as shown below:

After the start button is pressed, a trailer animation 
and RPG dialogue will be shown, and then proceeds 
to the main menu, as below:

In the main menu, players can enter the main area, 
and the related results are summarized below:

4.1 2D Interaction

4.1.1 Character Design

Characters include Lily, Carby (The incarnation of 
Glycoscience), the Dean, Associate Dean, etc. 
Among them, Lily and the Dean both have a suit of 

Figure 3. The cover photo of AR Application 
in Glycoscience Dissemination

Figure 4. The main menu of AR Application in 
Glycoscience Dissemination
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clothes from the Magical School and one from the 
real world. Besides, each character has their 
exclusive facial expression pack for RPG dialogues. 
The appearance of Lily and the Dean is shown in 
Figure 5.

4.1.2 Teaser Animation

After the design of the characters and the background 
settings are completed, the 2D storyboard of the 
teaser animation is planned based on the original 
storyline. The trailer reveals how Lily fell asleep in 
her biology class and started her journey in the 
Magical School. Moreover, background music is 
added to make the teaser more dramatic and 
intriguing. The captured image from the teaser is 
shown in Figure 6.

4.1.3 RPG Dialogue

RPG Interactive Dialogues is a 2D word game, 
which illustrates the dialogues between Lily, the 
Dean, and Carby after Lily came to the Magical 
School. The dialogues inform that Lily has to 
complete her study on Glycoscience knowledge to 

get back to her school. The interactive and amusing 
dialogues between the lovely characters aim to 
trigger the interests of the players. The captured 
image of the RPG Interactive Dialogues is shown in 
Figure 7.

4.2 3D Animation

After choosing the learning mode in the main menu, 
players enter 3D animation, where the Merge Cube 
scene merges with the storyline. At this point, players 
can place their smartphones in front of Merge Cube 
to view the blood vessel scene. Descriptions of the 
3D art design, basic animation, and advanced 
animation are summarized below:

4.2.1 3D Art Design

Objects and characters including Lily, Carby, Dean 
of the Magical School, red blood cells, virus, bacteria, 
and cancer cells, etc., will go through 3D modeling 
according to the planned animation and game. The 
3D modeling of Lily and Carby are shown as Figure 
8 and Figure 9.

Figure 5. The appearance of Lily and the Dean

Figure 6. The captured image of the Trailer

Figure 7. The captured image of RPG interactive dialogues
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4.2.2 Basic Level Animation

The basic level animation illustrates how Lily fell 
into a 3D blood vessel, and a cancer cell attempted to 
swallow her. At this moment, the Dean and Carby 
appeared just in time to save her. A dialogue will then 
pop up to explain about Globo H, a kind of 
carbohydrate attached to the cancer cell, and tell Lily 
to be careful with its attack. After talking to the Dean 
and Carby, Lily was still confused, so the Dean 
explained the basic knowledge of Glycoscience to 
her. The captured image of the basic level animation 
is as shown below:

4.2.3 Advanced Level Animation

The advanced level animation explains what to do 
when cancer cells are found in blood vessels. In the 
animation, the Dean will explain to the players how
the Polysaccharide mechanism is used to pass on 
information about the cancer cells, or else the cancer 
cells are likely to spread throughout the body. Then, 
players can use what Former Dean of Academia 
Sinica, Chi-Huey Wong, has proposed, the One-Pot 
Synthesis, to compose Artificial Oligosaccharides, 
refine Globo H antibodies, and make it into a cancer 
vaccine to stop the cancer cells from growing. The 
captured image of the advanced animation is as 
shown below:

4.3 3D Games

4.3.1 Basic Level Game

After choosing the challenge mode in the main menu, 
players enter 3D game. The basic level game is 
designed as a shooting game, in which players can 
become Carby to attack the virus and the cancer cells 
in human blood (Figure 12). The players will hold 
their smartphones in front of the Merge Cube to start 
the AR shooting game. With this interactive game, 
players would likely find learning much more 
amusing.

4.3.2 Advanced Level Game

The advanced level game is designed as a puzzle 
game, in which players can spin the Merge Cube 
around to pass through different stages in the game. 
While the players are going through the stages, once 
the rolling ball on Merge Cube touches an obstacle, a 
Glycoscience-related question will pop up for the 
players to answer so they can continue the game. If 
the players answer the question correctly, they can 
continue on their stage and complete the game. If not, 
one point will be deducted from the health point. 
When a total of three points are deducted from the 
health point, the game will end, and they will have to 
restart. The image of the game is as shown below:

Figure 8. 3D modeling of Lily

Figure 9. 3D modeling of Carby

Figure 10. The captured image of the basic 
level animation

Figure 11. The captured image of the advanced 
level animation

Figure 12. The captured image of the basic level 
game

Figure 13. The captured image of the advanced level 
game
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4.4 The Hall of Fame

The Hall of Fame will include the scholars’ names, 
education, experience, contributions, major 
achievements, and awards, etc. The Former Dean of 
Academia Sinica, Chi-Huey Wong has helped 
humans discover new medicine (Pang, 2014), such as 
cancer, flu, and drug-resistant bacteria, with his 
research in Glycoscience. His great contributions 
won him the Wolf Prize in 2014, which brought great 
glory to Taiwan. What’s more, he refused his 
well-paid job in the United States just to come back 
to Taiwan to promote the research atmosphere in 
Glycoscience, which resulted in Taiwan’s leading 
place in Glycoscience research globally. Hence, he is 
listed on the top of the Hall of Fame. The results are 
demonstrated with the smartphone, as below:

4.5 Website Link

To prevent the trouble of buying links and renting a 
computer server, we chose to use the free website 
design software, Wix, to build our website and the 
navigation bar which includes Home, About, 
Character, Story, Gallery, and Team. The result of our 
project will all be presented on this web page, and 
users can interact with our website via the link in the 
main menu shown in Figure 15.

4.6 Exhibition

The result of the AR Application in Glycoscience 
Dissemination project is displayed in four exhibitions 
around Taiwan due to our cooperation with the 
Department of International Cooperation and Science 
Education of the Ministry of Science and Technology. 
The exhibitions are held in four places respectively, 
including Pingtung University of Science and 
Technology, Gangping Elementary School in Chiayi 
City, Kaohsiung National Science and Technology 
Museum, and National Penghu University of Science 
and Technology. During the exhibition, we separated 
our booth into a display area and an experience area. 
The former is mainly for displaying our project 
results with posters, boards, and videos (Lin, 2021) 
for the visiting students to understand the results of 
extension education. The latter is used to let the 

students experience the digital content we designed. 
We provide a QR Code for them to scan and 
download the AR Application of the Glycoscience 
Dissemination App. Then we will provide Merge 
Cube for the students to try the app. Photos of the 
display area in the exhibition are shown in Figure 16 
and Figure 17. Besides, we also held a contest for 
students after we finished the Glycoscience 
dissemination in the experience area (Figure 18).

Figure 14. Chih-Huey Wong Fellow in the Hall 
of Fame

Figure 15. The captured image from the 
mobile website

Figure 16. Using the final video to explain our 
project and the results
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5. Discussion

After one year of constant efforts and going through 
the planning, designing, producing, executing, and 
integrating, this project is displayed in the exhibition 
held by the Minister of Science and Technology as 
planned and has now been handed over to the Yang 
Ming Chiao Tung Team to run analysis and 
evaluations on their junior and senior high school 

partners. Regarding the current execution results, 
some suggestions and reviews are listed below:

(1) In general, the lovely-looking virtual characters, 
the interesting story displayed in the teaser 
animation, and the RPG dialogue have 
successfully stimulated the adolescents’ interests. 
As for the 3D animation, the learning mode 
helped the adolescents understand Glycoscience 
knowledge, while the challenge mode helped 
them review their study. Moreover, the Hall of 
Fame also made the adolescents realize that 
Taiwan has lots of outstanding scientists in the 
biomedical field.

(2) We found that the visual effects of the 3D 
animation didn’t receive much feedback in the 
exhibition, since what the students expects is 
closer to the normal commercial 3D animation.
Also, 3D animation production is much more 
time-consuming than expected and might cause 
a delay in projects. Hence, we concluded to use 
2D animation to substitute this part in the future.

(3) In the process of developing the AR application, 
we organized a panel of six experts, including 
one international glycoprotein expert, two 
domestic biotechnology experts, two science 
education researchers, and one information 
technology expert, as shown in Table 1, to
evaluate whether it met the correctness and 
clarity of the glycoprotein concepts, the 
convenience of interface control, and the 
applicability of 2D or 3D animated presentations. 
The consultation aimed to meet students' 
learning needs held once per month. We 
collected the panel experts' suggestions and 
revised some flaws about the learning content 
and the ways of the animated presentations until 
they approved the revised AR application.

Table 1. Expert List

Scholar Organization Age Profession

Chi-Huey Wong Academia Sinica 73
Biochemistry, Organic Chemistry, Synthetic 
Chemistry

Chih-Hui Yang I-Shou University 44 Biotechnology, Pharmacodynamics, Biomaterials

Keng-Shiang Huang I-Shou University 45
Biotechnology, Biomedical Engineering, Controlled 
Drug Release

Sheng-Chang Chen
National Yang Ming 
Chiao Tung University

45
Science Education, Assessment in Science 
Education, Curriculum Evaluation

Yu-Lun Wu
National Yang Ming 
Chiao Tung University

39
Science Education, Assessment in Science 
Education, Curriculum Evaluation

Gwo-Long Lin I-Shou University 64
Digital Game Design, Augmented Reality, Computer 
Vision

Figure 17. Students from our department 
demonstrated AR to the guests with their 
smartphones put in front of Merge Cube

Figure 18. Students from Pintung National 
Chaochou Senior High School experiencing 

the DIY session and the contest
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(4) Visiting students were asked to answer a 
glycoprotein concept test and a learning attitude 
questionnaire (Appendix 1, 2) during the 12 days 
of our exhibition, which is from July 9th, 2019 to 
August 22nd, 2019. According to the evaluation 
and analysis of the Yang Ming Chiao Tung Team, 
among the 289 valid questionnaires we retrieve,
92.8% of students made significant progress 
from the pre-test to post-test about glycoprotein 
concepts with the aspect of learning outcome. 
The results revealed that 90% of students 
assumed that the AR application facilitates their 
learning with glycoprotein concepts, and 93.2% 
of students thought that the digital content in the 
project is intriguing. In addition, 89.6% of 
students assumed that the AR application is easy 
to control and better user interface. In conclusion, 
most of the students held positive feedback on 
the exhibition in the learning attitude 
questionnaire.

(5) Merge Cube is a great fit for adolescents. It has 
been greatly promoted abroad (University of 
Wisconsin Whitewater, 2021; Ulloa, 2020) and it 
is even suggested to be used by children at a 
young age (Madanipour & Cohrssen, 2020). 
However, Merge Cube isn’t as popular 
domestically. Hence, with this research, we 
would like to call for more domestic high school 
teachers to join and integrate Merge Cube into 
their classes. It is recommended for them to 
begin with a single function app and start to 
develop different kinds of science education 
materials with Merge Cube. Also, the 
inexpensive price of Merge Cube and the 
popularity of smartphones in adolescents makes 
it feasible to popularize this method in high 
schools. This allows the adolescents to learn in 
an AR environment easily and gradually develop 
interests in science.

6. Conclusion

This research is the result of the cooperation between 
two colleges and three departments. With the great 
support of EpixVR Co., we can demonstrate this 
large-scale integration project and hold an exhibition 
tour with the Ministry of Science and Technology in 
Pingtung, Kaohsiung, Chiayi, Penghu areas, hoping 
to increase the public's interests and knowledge in 
the Biomedical field.

Moreover, this project is the first to apply Merge 
Cube in a multi-functional app, in which we 
integrated five topics, including 2D interaction, 3D 
animation, 3D game, the hall of fame, and website. 
Normally, Merge Cube is only used with a 
single-function app. Also, Merge Cube is rarely 
story-driven, but in our project, we designed the 

teaser animation and the digital content according to 
a story in an integrated AR environment, providing 
users an intriguing experience. Hence, what we did in 
this project is innovative and challenging, and it 
certainly helped with the progress of Biomedical 
education in Taiwan. We expect this kind of method 
can not only be applied in education for adolescents 
but also become more popularized in the future, 
allowing more people who are not familiar with the 
biomedical field to learn science and technology 
easily.
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Appendix 1. Glycoscience_Popular Science Dissemination Activity Questionnaire

Greetings to all participants,

Our research team would like to learn more about your thoughts about our popular science activity, and we 

will use these advices as a reference for organizing future activities. Please be rest assured that all the 

answers you provide in this questionnaire will remain confidential. Thank you for your help and cooperation.

Have a nice day!

The Frontier Technology Project Team

Basic information

                
Age:         years old
Education level: Senior High School

Master’s Program Doctoral Program Others         

If yes, how many times have you attended in the past three years? times

Instructions
Please read through the questions carefully and check the boxes that match your thought.

Strongly 
disagree

Disagree Agree
Strongly 

agree

1. I have a lot of fun in these science activities.

2. I understand the knowledge applied in the science 
activities.

3. A Do-it-Yourself science activity is interesting.

4. These science activities often amaze and excite me.

5. Joining these science activities helps enhance my 
interest in learning science.

6. If a similar science activity will be held in the future, I 
will definitely participate.

7. These science activities help me learn a lot of 
knowledge.

8. I would like my friend and family to join these science 
activities.

9. I have seen one of the science activities before.

10. There is something I do not understand in the science 
activity and I want to figure it out.

Any opinions or thoughts for us? (If you have any opinion or thoughts regarding this activity, please share it 
with us.)
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Appendix 2: Glycoscience_Popular Science Execution Questionnaire

Instructions Please read through the questions carefully and write down the correct answers.
1. What is Glycoprotein?   

A. A integration of protein and carbohydrate
B. A integration of lipid and carbohydrate

2. What is the function of Glycoprotein?
A. Sending messages and being the channel of communication
B. Identifying the invading cells, germs and viruses
C. Alerting the immune system to destroy the invading harmful substances
D. All of the above

3. Oligosaccharide is usually aggregated by how many monosaccharides?
A. 3 to 10 monosaccharides
B. 1 to 2 monosaccharides
C. 11 to 15 monosaccharide

4. Which of the technology below is developed from monosaccharides in order to track the changes in 
cancer cells?
A. Glycoprobe
B. Antibody
C. Glycoarray

5. Where is the glycoprotein placed at?
A. Mostly inside cells
B. Between cells
C. Mostly on the surface of cells

6. Which of the below is indicated as the oligosaccharide appeared on the surface of multiple cancer 
cells?   
A. Globo A
B. Globo H
C. Globo Y

7. What can you observe from the mutations of carbohydrates on Glycolipid and Glycoprotein?
A. Whether the cell is under normal situation
B. It is the indicator of cell canceration
C. All of the above

8. When Taiwanese scientist Wong Chi-Huey is awarded the Wolf Prize in Chemistry, he mentioned his 
two contributions. Which of the below isn’t what he mentioned?   
A. Enzymatic Synthesis
B. One-pot Synthesis
C. Precise Synthesis

9. After carbohydrate and lipid integrates, which of the below is formed?
A. Glycolipid
B. Glycoprotein
C. Ricin

10. Which category of carbohydrate is starch in? 
A. Monosaccharide
B. Disaccharide
C. Polysaccharide

You have completed the questionnaire, please check to see if you have missed any questions.
Thank you for your cooperation!
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Course of Mythology and Literature: The Shan Hai 

Jing  as an Example 
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ABSTRACT  

The Input-Process-Outcome Game Model was applied in this study to essentially produce and develop 
a computer role-playing game. Through one-group pretest-posttest design,108 freshmen are conducted 
in experimental teaching to explore the study in the course of mythology and literature. The results of 
the study show that after teaching mythology and literature through computer role-playing games, 
students' learning motivation, attitude, satisfaction and usefulness have all improved significantly. The 
results of this study can provide instructors with a reference that teaching method of computer 
role-playing games can effectively improve students' learning motivation, attitude, satisfaction and 
usefulness. Such teaching methods can greatly increase the chances of teaching success.  

Keywords: Mythology, Shan Hai Jing, Computer Role-Playing Game, Digital Game-Based Learning 

 

1. Introduction 

There are all kinds of fantasies and legends of 
myths in both western and eastern culture. The 
Shan Hai Jing (or The Classic of Mountains and 
Seas), a great Chinese mythology literature, 
contains many pictures and text descriptions of 
characters which mostly are strange animals 
with human faces, or the images of the 
combination of human heads with animal bodies. 
There are many strange creatures that combine 
beasts with monsters. The various beasts 
described in the Shan Hai Jing carry rich and 
profound stories. The description of the images 
for different beasts in various forms is more than 
enough to make the beasts in the mythical 
literature of the Shan Hai Jing become the 
source of the idea of character design in games 
and animations nowadays. 

For the development of information technology 
and the popularization of person-al computers, 
applications, the computer role-playing games 
become a popular entertainment. They are not 
confined to the only feature of entertainment and 
can also be applied in education and learning 
(Prager, 2019). The game-based learning 
combined game situations and learning 

arners 
(Wang, 2020). The learners would try to deal 
with real-life problems with learned knowledge 
in a simulated game. The game-based learning is 
to simulate real life situations and to guide 
learners to apply the knowledge imparted in the 
game. Relatively, the learners feel it is easier to 
sense the fulfillment in the game world than in 
the real world (Daniau, 2016). 

Based on the situated teaching theory, 
knowledge should not be isolated from its own 
context. The computer role-playing games can 
use various path designs to con-struct a complex 
plot and a logical story line. Through the 
exploration, users can look for information and 
try to complete the tasks given in the game. 
Through exploration, clues collecting, thinking, 
problem solving and game playing
motivation can be stimulated and reinforced, 
which can also be a way of Digital Game-Based 
Learning (Acquah & Katz, 2020). Whether in 
school learning or workplace training, learners 
generally believe that the traditional way of 
learning is very boring. Through the game-based 
learning, it brings more pleasant and stimulating 
in the learning process which not only enhances 
motivation, but also improves learning 
effectiveness (Perini et al., 2018; Kao, 2020). 

Despite obstacles of reality, the bizarre beasts in 
the Shan Hai Jing mythology literature are full 
of creativity and imagination. They are the 
objects and models for many researches on the 
design of creative characters in the Shan Hai 
Jing. The learning method allows learners to 
empathize and control with the roles. With the 
development of the plot, one can enhance the 
ability as a character and interact with other 
non-player characters in the game. This study 
tries to implement a computer role-playing game. 
After the game design is completed, the four 
dimensions of learning motivation , learning 
attitude , learning satisfaction  and 
usefulness  are used to verify so that it mainly 

discusses the application of computer 
role-playing games in myth and study in 
literature courses. 
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2. Reviewed Literature 

2.1 Mythology and Literature 

Myth is a traditional story, especially one 
concerning the early stage of human evolution. 
The image of myth is fixed in history throughout 
the cultural accumulation. Myth is also the 
establishment of literature. It has a certain level 
of geographical and regional nature. Different 
civilizations or peoples have their own myths. 
There are many pictures and text descriptions of 
characters and foreign animals in the myth, 
which crosses the boundaries of different 
peoples and cultures and has certain 
commonality. In other words, myth is the 
thought and behavior passed down from 
generation to generation in human heritage. 

The Shan Hai Jing is known as the most 
attractive ancient mythical storybook in the 
Chinese culture. It is generally believed that the 
written time is about the last year of the Spring 
and Autumn and Warring States by different 
periods and authors. A enduring accumulation of 
collective achievements, which records a lot of 
information on civilizations, folk customs, and 
properties, especially including many folk-lore 
monsters, weird ogres, and bizarre animals. In 
the Shan Hai Jing description of people or 
animals, in order to feature the imagination of 
the described body design and increase or 
decrease the methods of mythology, some 
human gods, beasts and birds have lower body 
part (with thighs and legs). It is not necessary to 
define facial features and arms: some gods are 
mixtures of humans and animals, and some 
aliens increase or decrease the form of limbs and 
facial features. These features seem to 
emphasize the aliens (Lu, 2013). 

The description of the figures in the Shan Hai 
Jing can be discussed with two aspects: one is 
the bodies mixed with human beings and 
animals, or animals with animals, and the other 
is the unisex figures (Hsu, 2008). From the three 
life continuation strategies of the Shan Hai Jing 
mythology literature (Zhao & Sun, 2017), the 
first is the living transformation myth which is 
generally showing the combination of human 
being and beast or the beast and beast. The 
second is the resurrection myth which is the 
resurrection of the living body after death. And 
the third is the death transformation myth which 
is the existence of the living body transformed 
into another living body after death. These 
descriptions of the Shan Hai Jing form may have 
been due to human being's desire of having 
stronger power or a continuous life with body 
fusion. Or it might have been formed by the 
influence of totem worship. 

2.2 Digital Game-Based Learning 
(DGBL) 

The digital game-based learning integrates the 
learning content into games. With the fun and 
interactive characteristics of the game, it can 
attract learners to put them-selves in the game 
environment and learn the content in order to 
enhance the motivation and effectiveness 
(Hwang et al., 2017). The learners play as the 
protagonist players in a simulated situation to 
pursue an interesting or meaningful goal which 
maybe to accumulate points, defeat enemies, or 
find treasures, etc. In this way, they learn 
through the game rules. In turn, the giving and 
absorbing of knowledge encourage learners to 
obtain potential learning (Liang et al., 2006). 
The digital game-based learning mode can make 
learning full of fun and satisfaction through 
digital games. Students can also independently 
control the progress and choose learning content. 
There are also reward mechanisms and 
problem-solving situations to enhance learning 
motivation. Students can also interact and learn 
from each other through peer interaction. This 
learning mode encourages students to cooperate 
more. With the rich learning environment in the 
game, it enhances learning motivation thereby 
(Anyaegbu et al., 2012). 

Inquiry-based learning integrates teaching 
strategies into the game environment and 
provides challenges in the game tasks. It can 
also arrange to elevate significant inquiry 
activities which can effectively improve 
learners' learning effectiveness, motivation, flow 
experience, learning satisfaction (Hwang et al., 
2015). The exploratory way of learning is an 
effective teaching strategy which provides 
students with the opportunity to explore in the 
game environment with tasks and challenges. 
Playing games also offers many opportunities of 
practice to advance knowledge growth. It is a 
critical factor in the DGBL to improve memory 
(Péladeau et al., 2003). Operating repeatedly in 
game playing implies the meaning of learning 
and thus to access the knowledge or skills from 
constant practice and systematic learning 
experience. 

Through digital game-based learning, it can help 
learners to observe knowledge in a more relaxed 
and fun way through playing to reduce 
frustration and enhance motivation as well as 
willingness in order to continue learning. The 
story situation is an important factor to attract 
learners in the game process. How to assist the 
digital game designer to analyze, Garris et al. 
(2002) proposed an Input-Process-Outcome 
Game Model. First of all, the game is designed 
from the combination of teaching content and 
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game characteristics so that the learner enters a 
good game cycle in the learning process, and 
then the longer the learner invests in the game to 
achieve the task and continuously challenges the 
game learning goal, the system will interact with 
learners and give the feedback. Such continuous 
playing can keep fun and enjoyment to the 
learners and lead to change the behavior. Finally, 
learners can get the results of learning through 
the DGBL system. 

 

2.3 Learning Effectiveness 

Learning is a process that promotes behavior 
change through activities, and learning 
effectiveness means to the change of learners 
after the end of the teaching process (Leidner & 
Jarvenpaa, 1995). Bloom (1956) proposed that 
the three domains: cognitive, affective, and skill, 
can represent the results of students' learning 
effectiveness. In the field of educational 
psychology, the concept of learning 
effectiveness is different. And there are different 
conceptual definitions of learning with different 
theoretical viewpoints. Some scholars pay 
attention to the difference between learners' 
performance with before and after teaching 
(Cates et al., 2003). Some scholars focus on 
comparing the effectiveness difference between 
the experimental group and the control group 
(Diakidoy & Kendeou, 2001; White et al., 2013). 
Some scholars care about the efficiency of 
problem solving (Hoffman & Spatariu, 2008; 
Hoffman & Schraw, 2009). And some scholars 
care about the effectiveness of learners in digital 
learning (Sahasrabudhe & Kanungo, 2014; Xu et 
al., 2014). 

In addition to the teaching attitude, strategies, 
design, and methods of a successful teaching 
activity, the personality qualities of students are 
also important factors that will affect the 
effectiveness of learning in teaching activities. 
Learners with different personality will have 
different learning styles, and different learning 
styles will lead to different learning results 
(Busatoa et al., 1998). In addition, in the study 
of the relationship between personality qualities, 
such as learning style, and academic 
achievement, are also found that there is an 
impact on personality qualities and learning 

rigorous self-discipline and affinity in 
personality qualities are positively related to 
learning style. The neuroticism is negatively 
related to learning style. Among them, rigorous 
self-discipline and learning style are the most 
relevant, and rigorous self-discipline is the key 
of representing effectiveness. And the negative 
correlation between neuroticism and learning 

style shows that students' anxiety and the 
apprehension make them distracted in the 
learning process. In this way, they cannot 
organize useful information to learn which will 
affect their performance further on (Komarraju 
et al., 2011). 

Different theoretical viewpoints consider that 
students learning effectiveness should be 
measured by various indicators. From a 
constructivist point of view, the formation of 
student knowledge is a dynamic process which 

-standing of facts, 
processes, and concepts in constructive activities 
(Bagley & Hunter, 1992). Learners do not 
passively accept knowledge, but actively build 
their own knowledge system in the process of 
participating in learning (Pintrich, 2000). For 
teaching activities, motivation is also one of the 
important indicators that can predict individual 
learning achievements. And learning motivation 
is a key as well to indicator of learning 
performance (Diseth & Martinsen, 2003). 
There-fore, in teaching activities, instructors, 
teaching materials, and learners are able to 
affect the learning effectiveness factor. 

 

2.4 Research dimension 

Motivation is an abstract concept, which is the 
internal driving force that causes the individual 
to persevere and move towards a certain goal 
(Moos & Marroquin, 2010). Learning 
motivation helps students to continue learning 
with confidence in the learning process (Glynn 
et al., 2005). Learning motivation is an 
indispensable internal driving force in the 
learning process of students, and it allows 
students to persevere in learning toward their 
goals. Design multiple intelligence learning 
activities, student-centered learning situations, 
so that students can be responsible for their own 
learning. This kind of teaching and self-efficacy 
using multiple intelligences may have an impact 
on the willingness to learn (Gardner, 2011). 

Attitude is different from motivation. Attitude is 
a set of beliefs, and motivation is the reason for 
doing something (Oroujlou & Vahedi, 2011). 
Learning attitude is not an inherent personality 
trait, it is a behavioral tendency in the state of 
learning. From the perspective of learning, 
changes in learning attitudes will affect students' 
learning status. The learning attitude has a 
directional function, and the positive attitude of 
students has a positive impact on learning 
performance (Bosworth, 1994). Positive 
learning attitudes have a significant positive 
relationship to language and science learning 
achievements (Parker & Gerger, 2000; Masgoret 
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& Gardner, 2003). In digital game-based 
learning, it is also found that learning attitude 
and learning performance are positively 
correlated (Lowrie & Jorgensen, 2011). 

Satisfaction is a kind of psychological feeling. 
Satisfaction will continuously affect students' 
learning experience. When learners meet or 
exceed expectations in learning, they will have a 
sense of satisfaction (Martin, 1988). If there is a 
good status of interaction among learners, 
teachers and learning contents, this kind of 
teaching method will positively affect learning 
satisfaction. Higher learning satisfaction will 
also affect their learning motivation and learning 
effectiveness (Lovecchio et al., 2015). In the 
study of flipped classroom learning, it is also 
found that self-efficacy will affect learning 
activities through learning satisfaction. Learning 
satisfaction is conducive to enhancing students' 
confidence in learning and improving the effect 
of learning (Chou, 2018). 

Usefulness and ease of use are important 
dimensions in the acceptance model of 
technology (Davis, 1989). Usefulness refers to 
the degree to which a person believes that using 
a particular system can improve their job 
performance. When users perceive the more 
useful a certain technology is, the more positive 
they will be towards the system using that 
technology. The ease of use refers to the degree 
of awareness that a person thinks that a 
particular system is easy to use or not. When 
users think that a certain technology is easier to 
use, they will also have a more positive attitude 
towards the system that uses that technology. 

 

3. Methodology 

In the actual production and development stage 
of this research, the Input-Process-Outcome 
Game Model (Garris et al., 2002) was used to 
develop a computer role-playing game. 
Moreover, it probes the study and research on 
the mythology literature course through 
experimental design. 

 

3.1 Game System Design 

The Input-Process-Outcome Game Model is 
mainly divided into three parts, as shown in 
Figure 1. 

Input: To point out that game-based learning 
including the teaching content and game 
characteristics. 

Process: To initiate a learning cycle in the game, 
so that learners can find it stimulating and 
continue to complete tasks in this learning cycle. 

Outcome: In the end, participates in this cyclic 
learning activity can achieve the training goals 
and specific learning results. 

 
 
Instructional Content: The world view of this 
game learning system is set in the Shan Hai Jing 
mythological literature. The learners control the 
characters to take risks and solve puzzles in the 
game. Under the rich and rational storyline, 
through the dialogue of non-player character, 
they can explore and collect data. They survive 

identities. The interface design in the game is 
shown in Figure 2, the Walking Mode in the 
game is shown in Figure 3, the dialogue mode in 
the game is shown in Figure 4, and the fighting 
mode in the game is shown in Figure 5. 

 

 Figure 3. Game Walking Mode 

Figure 2. Game Interface 

Figure 1. Input-Process-Outcome Game Model 
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Game Characteristics: With the use of features 
such as fantasy, rules and goals, sensory stimuli, 
challenge, mystery and control in the game, it 
can improve learning motivation and obtain 
more learning content. 

Game Cycle: Learners can be entertained in the 
game cycle, solve problems by exploring the 
environment, collect information, and think 
strategies to achieve a higher degree of 
participation in learning activities. 

Learning Outcomes: Through the process of 
playing games, learners can absorb the 
knowledge of the Shan Hai Jing mythology and 
literature.  

3.2 Experimental Design 

This research makes the understanding the 
learning research of game production results on 
mythology and literature, with respectively four 
dimensions to verify: learning motivation , 
learning attitude , learning satisfaction  and 
usefulness . 

The hypotheses of this study are as follows: 

Hypothesis 1: The computer role-playing games 
are integrated into teaching has an impact on 
students' learning motivation. 

Hypothesis 2: The computer role-playing games 
are integrated into teaching has an impact on 
students' learning attitude. 

Hypothesis 3: The computer role-playing games 
are integrated into teaching has an impact on 
students' learning satisfaction. 

Hypothesis 4: The computer role-playing games 
are integrated into teaching has an impact on 
usefulness.  

The Likert's 5-point scale is used in this research, 
as well as the learning motivation scale  and 
usefulness scale  which are modified by 

Hwang et al. (2013). The learning attitude 
scales  is modified by Pierce et al. (2007). 
Questions on the learning satisfaction scale  
were modified by Sun et al. (2008). The subjects 
of this study are 108 freshmen, including 33 

-Group 
Pretest- -test 
questionnaire was issued once before the test. 
Next, the subjects play the computer 
role-playing games for 80 minutes and then 
issue the post-test questionnaire. The two 
questionnaires are compared with the 
differences between them.  

 

3.3 Data Collection 

This research is to comprehend the learning 
research of game production results on 
mythology, in learning motivation , learning 
attitude , learning satisfaction  and 
usefulness  under the four dimensions. The 

pre-test questionnaire survey is mainly to 
understand the psychological feelings of 
students in the way of teaching courses in 
traditional classrooms. The questionnaire items 
are shown in Appendix Table 1 to Table 3. The 
post-test questionnaire survey is to understand 
the psychological feelings of students after the 
computer role-playing game is integrated into 
the teaching. The questionnaire items are shown 
in Appendix Table 4 to Table 6. A pre-test was 
conducted for the freshmen of the Department of 
Digital Content Design in Ling Tung University, 
and a total of 108 valid questionnaires were 
collected. After the implementation of this 
computer role-playing game teaching mode, a 
post-test questionnaire was conducted with108 
copies, including 33 males and 75 females. The 
SPSS 22.0 computer statistical analysis software 
is used in this research. 

 

4. Research Results 

4.1 Reliability Analysis 

According to Guielford (1973)
value greater than 0.7 indicates a high degree of 
confidence; In this study, 108 questionnaires 
were distributed, and 108 valid questionnaires 
were recovered, with an effective recovery rate 

our 
components, such as learning motivation, 

Figure 5. Game Fighting Mode 

Figure 4. Game Dialogue Mode 
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learning attitude, learning satisfaction and 
usefulness, are higher than 0.8 (between 
0.902-0.979, refer to Table 1). It indicates that 
the reliability of this study questionnaire is 
within the range of acceptable reliability and has 
good internal consistency.  

 
 

4.2 Validity Analysis 

In the validity part, the issuance pre- and 
after-questionnaires are supervised by three 
relevant experts with experience in designing 
questionnaires in order to complete the 
questionnaire design, so that the questionnaires 
have certain content validity. In addition, 
through the KMO Spherical Test, it is tested 
whether each of them is an independent factor. 
The KMO measure of sampling adequacy is 
commonly used metrics above 0.9 indicate that 
it is very suitable; 0.8 indicates that it is suitable; 
0.7 indicates that it is generally suitable; 0.6 
indicates that it is not suitable; 0.5 or less 
indicates that it is extremely unsuitable. The 
KMO value is between 0 and 1. The closer the 
value is to 1, the higher the correlation of the 
variable is, which is more suitable for factor 
analysis. The closer the value is to 0, the lower 
the correlation of the variable is which is less 
suitable for factor analysis. The overall test 
results of this study are summarized in the 
following Table 2. The factor loading of each 
question item in the dimension is shown in Table 
3. The explained variation of each dimension is 
shown in Table 4. 

 

 

 

Question 
items 

Factor Loading 
(Pre-Test / Post-Test) 

LM 1 0.855 / 0.760 

LM 2 0.605 / 0.621 

LM 3 0.632 / 0.524 

LM 4 0.816 / 0.836 

LM 5 0.529 / 0.629 

LM 6 0.555 / 0.666 

LM 7 0.634 / 0.710 

LA 1 0.614 / 0.622 

LA 2 0.531 / 0.557 

LA 3 0.675 / 0.737 

LA 4 0.604 / 0.710 

LA 5 0.725 / 0.547 

LS 1 0.607 / 0.586 

LS 2 0.635 / 0.644 

LS 3 0.601 / 0.574 

LS 4 0.616 / 0.648 

LS 5 0.617 / 0.675 

LS 6 0.678 / 0.703 

PU 1 0.699 / 0.713 

PU 2 0.688 / 0.696 

PU 3 0.744 / 0.811 

PU 4 0.734 / 0.756 

PU 5 0.724 / 0.740 

PU 6 0.726 / 0.800 

Table 3. Factor loading of Question items 

Dimensions 
KMO Value 

(Pre-Test / Post-Test) 

Learning 
Motivation 

0.865***/ 0.828*** 

Learning 
Attitude 

0.886*** / 0.881*** 

Learning 
Satisfaction 

0.902*** / 0.894*** 

Usefulness 0.934*** / 0.908*** 

Table 2. The KMO and Bartlett Spherical Test 

*p < .05; **p < .01; ***p < .001 

Dimensions 

Pre-Test 
(Number of 
Questions / 
Cronbach's 

 

Post-Test 
(Number of 
Questions / 
Cronbach's 

 

Learning 
Motivation 

7 / 0.910 7 / 0.929 

Learning 
Attitude 

5 / 0.902 5 / 0.914 

Learning 
Satisfaction 

6 / 0.935 6 / 0.946 

Usefulness 6 / 0.970 6 / 0.958 

Overall 
Reliability 

24 / 0.979 24 / 0.979 

Table 1. Reliability Analysis Table of Pre-Test 
and Post-Test 
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4.3 Gender Independent Samples T 
Test 

In this study, in order to understand whether the 
gender can affect the research results or not, an 
independent samples T test for the gender was 
found. It was found that there was no significant 
difference in gender for the four dimensions. It 
represented that the gender was not an important 
factor. The results are shown in Table 5 and 
Table 6. 

 

 
 

 
 
After knowing from the above Table 5 and Table 
6 that gender is not the main consideration, the 
next step is to understand whether there are 
significant differences between students before 
and after the test. 

 

4.4 Comparison of Differences 
Before and After the Experiment 
(Paired Samples T Test) 

In this study, through a paired samples T test, 
statistical analysis was conducted on four 
aspects of learning motivation, learning attitude, 
learning satisfaction and usefulness. The results 
are summarized in Table 7. 

The results of the study found that the mean of 
pre-test of learning motivation is 2.43. It is 
significantly lower than the mean of post-test of 
learning motivation of 3.56. The mean of 
pre-test learning attitude is 2.52. It is 
significantly lower than the mean 3.69 of the 
post-test of learning attitude. The mean of 
pre-test of learning satisfaction is 2.45, which is 
significantly lower than the mean of 3.64 of 
after learning satisfaction. The mean of the 
usefulness structure is 2.43, which is 
significantly lower than the mean of 3.67 of 
usefulness. Overall, the subjects' feelings before 
and after the experiment are obviously different. 
After comparing the means of the various 
dimensions, it can be found that all the means of 
the post-tests are higher than the ones of the 
pre-tests. Therefore, this study can prove that the 
computer role-playing games have certain 
effects on the study of mythology and literature 
courses. 

 

 

Dimensions 
Explained Variation 
(Pre-Test / Post-Test) 

Learning 
Motivation 

16.383% / 15.451% 

Learning 
Attitude 

12.476% / 14.746% 

Learning 
Satisfaction 

20.118% / 16.400% 

Usefulness 29.531% / 33.503% 

Total 
Variance 
Explained 

78.507% / 80.101% 

Dimensions 
T Value 

(d. f. 106) 
Significance 

Learning 
Motivation 

.056 .956 

Learning 
Attitude 

.357 .722 

Learning 
Satisfaction 

.564 .575 

Usefulness .514 .609 

Table 6. Gender Independent Samples T Test 
(Post-Test) 

Dimensions 
T Value 

(d. f. 106) 
Significance 

Learning 
Motivation 

-1.203 .232 

Learning 
Attitude 

-1.238 .219 

Learning 
Satisfaction 

-1.634 .105 

Usefulness -1.592 .114 

Table 5. Gender Independent Samples T Test 
(Pre-Test) 

Table 4. The explained variation of each 
dimension 
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4.5 Research Hypothesis Verification 

Through the statistical analysis of the above data, 
in addition to the good reliability and validity of 
this research, the statistical analysis verifies that 
the implementation of the course will not be 
affected by the gender of the students. There are 
better feelings and evaluations under the four 
major dimensions. Based on the information 
from above, the results of the hypothesis in this 
study are summarized in Table 8: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. Conclusion 

5.1 Research Conclusion 

The learning method of the computer 
role-playing game application in the Shan Hai 
Jing mythology and literature course makes the 
learners profoundly sense that they are the 
characters in the story. With the progress of the 
story, they can interact with other non-player 
character in the game. This teaching method has 
a significant improvement for learners in terms 
of learning motivation, learning attitude and 
learning satisfaction. Moreover, students think 
that this way of learning has a better feeling for 
the usefulness of learning than the traditional 
way of teaching. In general, the learner feelings 
before and after the experiment are obviously 
diverse. The post-test means of all the 
dimensions are higher than the pre-test ones 
which confirm that there are positive views on 
learning motivation, learning attitude, learning 
satisfaction and usefulness in this study. 

In 2020, due to the COVID-19 pandemic, most 
students around the world will need to use 
online learning systems for distance learning at 
home. The use of computer role-playing game 
teaching methods can improve studen
motivation, learning attitude, learning 
satisfaction and usefulness. This is the academic 
value found in the experimental teaching of this 
research. Perhaps this teaching method can 
combine different Instructional design has 
become a way of blended learning in the future. 

 

 

 

 

Table 7. Comparison Table of Differences Pre-Test and Post-Test 

Dimensions Pre-Test Mean Post-Test Mean T Value Significance 

Learning 
Motivation 

2.43 3.56 -12.11 .000*** 

Learning 
Attitude 

2.52 3.69 -12.66 .000*** 

Learning 
Satisfaction 

2.45 3.64 -12.62 .000*** 

Usefulness 2.43 3.67 -13.82 .000*** 

*p < .05; **p < .01; ***p < .001 

Hypothesis Status 

H1: The computer role-playing 
games are integrated into 
teaching, students have higher 
learning motivation. 

Confirmed 

H2: The computer role-playing 
games are integrated into 
teaching, students have higher 
learning attitude. 

Confirmed 

H3: The computer role-playing 
games are integrated into 
teaching, students have higher 
learning satisfaction. 

Confirmed 

H4: The computer role-playing 
games are integrated into 
teaching, students think it has 
higher usefulness. 

Confirmed 

Table 8. Table of Hypothesis Verification 
Results 
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5.2 Research limitations and 
recommendations 

What this research wants to understand is the 
difference between the traditional way of 
teaching courses and the way of computer 
role-playing game teaching, in the students' 
learning motivation, learning attitude, learning 
satisfaction and usefulness. Learning 
achievement was not included in this research, 
which is a pity. It is suggested that future 
researchers can discuss it according to students' 
learning performance. 

 

 

 

This study applies computer role-playing games 
into teaching mythology and literature courses. 
It confirms that students' learning motivation, 
attitude and satisfaction can be significantly 
improved. It is also suggested that researchers 
could try to find out the influencing factors of 
computer role-playing games on learning 
motivation, attitude, and satisfaction. There are 
other different aspects to explore the learners 
feeling which can also be the direction for 
researchers to attempt in the future. 
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Appendix 

 

Dimensions Questions 

Learning 
Motivation 
 

LM1: I think it is valuable to 
learn mythology and literature 
courses. 

LM2: I want to learn more in 
mythology and literature courses. 

LM3: I think it is worth learning 
the content of the mythology and 
literature course. 

LM4: To me, it is important to 
learn mythology and literature 
course. 

LM5: I know that learning 
mythology and literature courses 
is very important for future 
applications. 

LM6: I will actively pursue more 
information to learn mythology 
and literature courses. 

LM7: I think it is very important 
for every student to learn 
mythology and literature courses. 

Usefulness 
PU1: I think the mythology and 
literature course enriches my 
learning activities. 

PU2: I think the mythology and 
literature course is very helpful 
for me to gain new knowledge. 

PU3: I think the learning 
mechanism provided by the 
mythology and literature course 
makes the learning process 
smoother. 

PU4: I think the mythology and 
literature course helps me to get 
valuable information when 
needed. 

PU5: I think the mythology and 
literature course helps me learn 
better. 

PU6: I think that mythology and 
literature courses are more useful 
to learn using traditional teaching 
methods. 

Appendix Table 1. Questionnaire Items in the 
Pre-Test. (Hwang et al., 2013) 
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Dimensions Questions 

Learning 
Motivation 
 

LM1: I think it is valuable to use 
computer role-playing games to 
learn mythology and literature 
courses. 

LM2: I want to use computer 
role-playing games to learn more 
in mythology and literature 
courses. 

LM3: I think it is worthy to use 
computer role-playing games to 
learn the content of mythology 
and literature courses. 

LM4: To me, learning mythology 
and literature courses is very 
important. 

LM5: I know that learning 
mythology and literature courses 
is very important for future 
applications. 

LM6: I will actively look for 
more information to learn 
mythology and literature courses. 

LM7: I think it is very important 
to learn mythology and literature 
courses for every student. 

Usefulness 
PU1: I think that the use of 
computer role-playing games 
enriches learning activities in 
mythology literature courses. 

PU2: I think that the mythology 
literature courses using computer 
role-playing games is very 
helpful for me to gain new 
knowledge. 

PU3: I think that in mythology 
literature courses, the learning 
mechanism provided by computer 
role-playing games makes the 
learning process smoother. 

PU4: I think, in mythology 
literature courses, using computer 
role-playing games helps me 
getting valuable information 
when I need it. 

PU5: I think that in mythology 
literature courses, using computer 
role-playing games helps me 
learning better. 

PU6: I think it is more useful to 
apply computer role-playing 
games in mythology literature 
courses. 

Appendix Table 4. Questionnaire Items in the 
Post-Test. (Hwang et al., 2013) 

Dimensions Questions 

Learning 
Satisfaction 

LS1: I am satisfied with the 
decision to study mythology and 
literature courses. 

LS2: If I have the opportunity to 
take mythology and literature 
courses, I will be happy to do so. 

LS3: I think it is wise to choose 
to take a mythology and literature 
course. 

LS4: I think very satisfied with 
studying mythology and literature 
courses. 

LS5: I think the mythology and 
literature course meets my 
learning needs well. 

LS6: I will participate in the 
mythology and literature courses 
as much as possible. 

Appendix Table 3. Questionnaire Items in the 
Pre-Test. (Sun et al., 2008) 

Dimensions Questions 

Learning 
Attitude  

LA1: I like to learn mythology 
and literature class. 

LA2: I think I will learn more in 
the mythology and literature 
course. 

LA3: I think it is worth to make 
extra effort in the mythology and 
literature course. 

LA4: I think it is more interesting 
to learn mythology and literature 
courses. 

LA5: I think I can learn 
mythology and literature courses 
better. 

Appendix Table 2. Questionnaire Items in the 
Pre-Test. (Pierce et al., 2007) 
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Dimensions Questions 

Learning 
Satisfaction 

LS1: I am satisfied with the 
decision of using computer 
role-playing games to learn 
mythology and literature courses. 

LS2: If I have the opportunity to 
use computer role-playing games 
to learn mythology and literature 
courses, I would be happy to do 
so. 

LS3: I selected to use computer 
role-playing games to learn 
mythology and literature courses. 

LS4: I think to use the computer 
role-playing games to assist the 
mythology course is very 
satisfied. 

LS5: I think that mythology 
literature courses assisted with 
computer role-playing games 
satisfies my learning needs well. 

LS6: I will do my best to use 
computer role-playing games to 
learn mythology and literature 
courses. 

Appendix Table 6. Questionnaire Items in the 
Post-Test. (Sun et al., 2008) 

Dimensions Questions 

Learning 
Attitude  

LA1: I like to use computer 
role-playing games for mythology 
and literature courses. 

LA2: I think I will learn more 
when using computer role-playing 
games in mythology courses. 

LA3: I think the use of computer 
role-playing games in mythology 
literature courses is worth to pay 
extra effort. 

LA4: I think mythology and 
literature courses are more 
interesting when using computer 
role-playing games. 

LA5: I think computer role-playing 
games can help me learning 
mythology and literature courses 
better. 

Appendix Table 5. Questionnaire Items in the 
Post-Test. (Pierce et al., 2007) 
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The Impact of Tabletop Games Implemented in 
Primary School Mathematics Curriculum on Learning 
Motivation and Learning Interest 
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ABSTRACT 

T
while using 

 It is expected that this study could provide one of the examples of quality education 
to fulfil the target of Sustainable Development Goal (SDG) 4.1. The quasi-experimental research 
method is used to compare the differences between integrating tabletop games and using traditional 
pedagogy in mathematics course. In addition, the participants involved in this research are 40 
grade-sixth students from one of the public primary school in Miaoli County with 20 students in the 

nalyzed based on 
the quantitative data (Mathematics Learning Motivation Scale) and classroom observations. The 
analysis reveals that: 1. the way of integrating tabletop games into mathematics course could elicit 

 participate in learning; 2. it is useful to encourage students 
to use their professional knowledge, inspire self-reflection and enhance learning interest through the 
approach of integrating tabletop games into mathematics course. 

Keywords: Tabletop Games, Game-Based Learning, Common Factors, Common Multiples, Learning 
Motivation, Learning Interest. 
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ABSTRACT 

With the advancement of the Internet, the media ecology has gradually become individualized, which 
has enhanced the people's sense of dominance and participation. Virtual characters can only 
communicate with the public under the media. However, the new media have change that appeared 
some non-narrative characters. For example: "Mario" of digital games, "Line Friend" stickers of Line 
community, the virtual idol "Hatsune Miku" (singer), etc.; those break the previous concept of the 
character image and the public's way of cognition of characters. Therefore, this research is to explore 
the connection between the feature of virtual characters and the media. Through literature discussion 
and analysis of the meaning of role definitions, the relevance of media forms and characteristics, 
through the establishment of three eras of virtual character development to summarize 4 traits 
orientations and 6 types and values, and select images represented from types of characters and 10 
media characteristics to develop a scale. The survey subjects were 347 domestic college students, and 
the data verified by ANOVA analysis of variance and independent T-test. The results show the 
existence of character media traits, as also the cognition is different from genre the and different 
groups, following conclusions were made: 1. The media traits have been coming collaborative 
relationship of community groups. 2. Able to diversified values of transmedia and age. 3. Intelligence 
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is an important core spirit. 4. people will be gradually virtualization themselves. It is hoped that the 
research results can be used as a reference for future related character creation and design industry. 

Keywords: Virtual Characters, Virtual Idols, Media Characteristics 
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3 ( Q1
Q3 Q6)

6 10
Q1.

Q2.
Q3. Q4.

Q5. Q6.
Q7.

Q8.
Q9.

Q10.
Google

1
10 1

1

 

4  

4.1  

347
224 123 18 25

2020 4 11
IBM SPSS 12

Cronbach's Alpha 0.948 0.7
IBM SPSS

(ANOVA)
F p = 0.000<0.05

Brown-Forsythe Welch

sig=0.000<0.05 F

6

       N=347 

 FA FB FC FD FE FF  

     LINE
 

iphone Siri 

 
      

 

F P 

Q1 4.1873 3.7867 4.0634 4.5130 4.0346 2.7118 
122.609 

.000  

Q2 3.8473 2.5648 3.9654 3.6196 3.3401 2.3602 
115.075 

.000  

Q3 3.2334 2.9798 3.9798 4.0980 2.9856 3.9769 
85.939 

.000  

Q4 3.8617 3.0115 4.3026 4.2305 3.8761 4.3602 89.599 .000  

Q5 3.8156 3.5389 3.8732 4.2133 3.8934 2.9337 55.223 .000  

Q6 3.2882 2.7262 3.1268 3.4409 3.1412 3.0548 14.150 .000  

Q7 3.6282 3.4006 3.2882 3.6167 3.7810 4.3833 
45.652 

.000  

Q8 3.6196 4.0115 3.7349 4.0461 4.0115 3.4006 
20.135 

.000  

Q9 3.6945 2.9741 3.4957 4.2997 3.2882 2.9049 
74.088 

.000  

Q10 3.1239 3.2622 3.3573 4.2622 3.3977 4.4899 96.971 .000  

 

F 
36.445 56.131 48.646 38.494 44.481 143.575 

 

P 
.000  .000  .000  .000  .000  .000  

3
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10
10

6 P
0.000<0.05 ( 3)

(Post Hoc) Duncan
 

4.2  

Duncan

Q1 FE(4.5130)
iphone siri FF(2.7118)

Q10 iphone siri FF(4.4899)
FA(3.1239)

Q2 FC(3.9654)
iphone siri FF(2.3602)
Q4 iphone siri FF(4.3602)
FC(4.3026)
FB(3.0115)

Q4 (
FC 4.3026) Q8

( FB 4.0115) (iphone siri FF
4.4899) Q8 
( 4.0115) Q9.( 

4.2997) (
) (

) (LINE )

(Q7) Q4
iphone siri FF(4.3833) LINE

FE(3.7810)  

4.3  

Duncan

( 3) (3.9654) (3.8473)
Q2

(4.0980) (3.9798) iphone siri 
(3.9769) Q3

Iphone siri (4.3602) (4.3026)
(4.2305) Q4

Q3 Q4

 

4.4  

Duncan

( 4)
30 Q1 Q4 Q5

5 Q7 Q8 Q10
3 Q2 Q3 Q9 2

Q1
Q4 Q5

 

4.5  

( 4)
FB FE 4

FA FF 1

T 7
FE FB 3

FA
FF

Q1 Q6 Q8
T 4  

4  
 6 Duncan  

FA FB FC FD FE FF 

1 Q1, 4.1873 Q8, 4.0115* Q4, 4.3026* Q1, 4.5130 Q1, 4.0346 Q10, 4.4899* 

2 Q4, 3.8473 Q1, 3.7867 Q1, 4.0634 Q9, 4.2997* Q8, 4.0115 Q7, 4.3833 

3 Q2, 3.8473* Q5, 3.5389 Q3, 3.9798 Q10, 4.2622 Q5, 3.8934 Q4, 4.3602 

4 Q5, 3.8156 Q7, 3.4006 Q2, 3.9654 Q4, 4.2305 Q4, 3.8761 Q3, 3.9769 

5 Q9, 3.6945 Q10, 3.2622 Q5, 3.8732 Q5, 4.2133 Q7, 3.7810* Q8, 3.4006 

* ( )  
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4.6  

Q1 Q4
Q5 T ( 5)

224 123
Q1  FA

(.001** 0.5) FC (.007**
0.5) FE (.023* 0.5)

Q4
 FF  (P 0.05*)

Q5
FA (P 0.004**) FB

(P 0.011*) FC (P
0.046*) FE (P 0.008**)

FB

258 89
74.35% T
6 (P<0.05)  

5  

Q1

(FC, FD, FE, FF)
Q4

 
 
(1). 

(Kazuo Koike, 2017, P.20)

5  
FB FE T           N=347 FA FF T      N=347 

    P    P 

Q1 
 3.7867 1.07011 

.001*** 
 4.1873 .88145 

.001** 
LINE Friend 4.0346 .95201 Apple SIRI 2.7118 1.40517 

Q2 
 2.5648 1.21562 

.000*** 
 3.8473 1.01848 

.000*** 
LINE Friend 3.3401 1.18257 Apple SIRI 2.3602 1.36001 

Q3 
 2.9798 1.18133 

.974 
 3.2334 .99724 

.000*** 
LINE Friend 2.9856 1.10298 Apple SIRI 3.9769 1.11715 

Q4 
 3.0115 1.16047 

.000*** 
 3.8617 .93326 

.000*** 
LINE Friend 3.8761 1.00529 Apple SIRI 4.3602 .97656 

Q5 
 3.5389 1.15582 

.000*** 
 3.8156 1.00605 

.000*** 
LINE Friend 3.8934 .99283 Apple SIRI 2.9337 1.40342 

Q6 
 2.7262 1.17413 

.000*** 
 3.2882 1.10068 

.013* 
LINE Friend 3.1412 1.16063 Apple SIRI 3.0548 1.34504 

Q7 
 3.4006 1.18921 

.000*** 
 3.6282 1.00439 

.000*** 
LINE Friend 3.7810 1.05534 Apple SIRI 4.3833 .87354 

Q8 
 4.0115 1.05342 

1.000 
 3.6196 1.08562 

.016* 
LINE Friend 4.0115 1.00282 Apple SIRI 3.4006 1.29619 

Q9 
 2.9741 1.13632 

.000*** 
 3.6945 1.01095 

.000*** 
LINE Friend 3.2882 1.12407 Apple SIRI 2.9049 1.31010 

Q10 
 3.2622 1.13170 

.122 
 3.1239 1.12213 

.000*** 
LINE Friend 3.3977 1.17183 Apple SIRI 4.4899 .91663 

  *p 0.05 **p 0.01 ***p 0.001  
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