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Abstract: Computer networks are a professional subject of the Computer Science Department. Tra-
ditional teaching methods are not suitable for business school students who think the content is
too theoretical to understand. Therefore, this research proposes a three-stage progressive teaching
method, which divides the teaching process into three teaching stages according to the depth of
knowledge of the teaching content. The teaching process gradually adopts traditional instruction,
digital storytelling teaching methods, and visual narrative creation projects to guide students’ learn-
ing methods. The objective of this research is to adopt a step-by-step three-stage teaching method to
gradually increase students’ interest in learning and make computer network learning more effective.
The research results show that this innovative teaching method can cultivate learners’ computational
thinking and deepen their understanding of corresponding knowledge. The students stated that the
anthropomorphic situational narrative materials in the course increased their understanding and
enjoyment, thereby improving their learning motivation and effectiveness.

Keywords: visual narrative material; digital storytelling; progressive pedagogy; computational
thinking; computer-supported collaborative learning

1. Introduction

With the popularization of the Internet and digital technology, the learning preferences
of contemporary students are different from those of the past. The current Generation Z
students have the characteristics of active learning and visual gamers and like to build
learning plans through self-like and task-oriented motivation [1]. Traditional teaching
methods often make it difficult for Generation Z students to learn professional courses.
Therefore, to arouse the active learning interest of Generation Z students, it is necessary to
make good use of the students’ learning-by-doing learning method and create communities
of practice in the teaching design environment [2]. By constructing a learning environment
based on social learning theory can we continue to stimulate the enthusiasm for game-based
learning through community interaction and successfully learn professional knowledge [3].

In terms of innovation in teaching materials, the use of visualization technology to
provide theoretical knowledge, along with powerful tools for exploring knowledge and
giving meaning, can reduce the burden of information processing and help students under-
stand and remember the theoretical basis of their learning [4]. Digital narrative teaching
techniques can deepen students” knowledge reasoning and causality, thus attracting their
attention [5]. Experiments have proved that when the topic of communication networking
is introduced in the context of the story, students concentrate on the meaning given to the
topic. Therefore, students have enhanced motivation to use the theoretical knowledge they
have learned to solve practical computer networking issues [6].

In terms of innovation in curriculum activities, the importance of group cooperation in
digital narration is to enhance learning motivation. In addition to passive learning in class,
students must create digital stories with team members after class [7]. Digital storytelling
techniques are considered powerful learning tools that can make teaching and learning
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processes more effective, meaningful, interesting, and creative [8]. According to previous
research [9], digital narrative activities can create more interesting and enjoyable learning
environments, and encourage students to establish a connection between learning and
daily life. Scholars Dogan and Robin [10] believe that digital narrative is a teaching skill
that supports learning, encourages collaboration, develops decision-making processes, and
enables students to change from a negative learning style to a positive learning attitude.
Therefore, the digital narrative is considered an important learning method in the modern
learning environment because it supports collaboration and the development of creative
thinking, enabling students to check their learning understanding and effectiveness [11].

This research proposes a three-stage progressive teaching method for a university
computer network course. The proposed method gradually uses traditional instruction,
digital storytelling teaching methods, and visual narrative creation projects to help students
understand the logical concepts of computer networking theory. This research transforms
the content of the course from theoretical and conceptual descriptions into story plots
of computational thinking. Furthermore, this study also introduces innovative visual
narrative creation projects, allowing students to use digital narrative methods for practical
exercises. The objective of this research is to develop students’ logical reasoning concepts
through anthropomorphic characters and story plots to increase students” understanding
and learning interest in the content taught. This kind of processing of knowledge theory
into a digital narrative is a new challenge for students that can enhance the learning
motivation of Generation Z students, thereby improving their learning effect.

The results of this research show that the use of the digital storytelling teaching
method improves students” learning comprehension, while group creative activities that
introduce visual narratives enhance the students’ joy of learning. The use of situational
narrative teaching methods to teach, interact, evaluate, and motivate the teaching of such
computer network courses makes it possible for students to learn professional knowledge
and create value, thus enhancing their learning effectiveness and problem-solving ability.

The remaining parts are organized as follows. Section 2 provides a background on
computational thinking, computer-supported collaborative learning, and digital narratives.
Section 3 provides the research methods, program design, the proposed teaching method,
innovative materials, and evaluation design used to conduct this research. Section 4
demonstrates the learning results and learner feedback. Section 5 concludes the work and
provides research contributions.

2. Background

The current generation of university students born between 1995 and 2010 is referred
to as Generation Z. They grew up in an era of the rapid development of the Internet;
they also experienced the rise of mobile devices and cloud computing. They are adept at
using various digital technologies to access information quickly; as a result, their learning
characteristics tend toward real-time query, visual learning, and learning by doing [1].
To successfully establish a community of practice, it is necessary to encourage students
to participate in group activities, gradually increase their depth of learning and under-
standing, and thereby increase their enjoyment of the learning process [12]. Therefore, this
research encourages students to form teams and become core members of the communities
of practice. Solve problems together through practice to improve learning motivation
and effectiveness.

2.1. Teaching Methods of Computational Thinking

Computational thinking uses the logical thinking of computer science to design
processes, understand behavior, and solve problems [13]. According to Psycharis [14],
computational thinking may include the ability to abstract, decompose, reason, optimize,
reuse, and share knowledge of computer science concepts. Bundy [15] pointed out that
computational thinking ability is an indispensable ability in the learning and understanding
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of all disciplines. Only by using computational thinking to understand the content and
analyze logical relationships can problems be solved.

Therefore, this research introduces how to implement computational thinking in teach-
ing activities to help students develop the computational thinking ability to understand
the knowledge of computer networking. The concept is abstracted, modularized, and
decomposed into small functions; then, the causal relationship and the optimization issues
are found through reasoning; thereby, the results can be applied to solve real-life problems;
finally, in a creative project report, the situational narrative method is used to describe the
observation and learned knowledge to enhance learning comprehension.

2.2. Computer-Supported Collaborative Learning

Johnson and Johnson [16] pointed out that, compared to individual learning, stu-
dents perform better in collaborative learning. Lazareva and Cruz-Martinez [17] also
stated that collaborative learning students outperform other types of learners and promote
greater learning performance. The technology used for collaborative learning must pro-
vide learners with opportunities to participate in common tasks, effectively communicate,
share resources, receive support for effective collaboration, participate in co-construction,
standardize learning, and establish communities of practice [18]. The technical role of
computer-supported collaborative learning (CSCL) is not only to promote the communica-
tion and collaboration process but also to improve and facilitate the group learning process,
helping participants to interact effectively [19].

2.3. Teaching Environment of Digital Narratives

Kirchner [20] claimed that stories are effective educational tools because they are
convincing, easy to remember, and entertaining. Incorporating stories into teaching will
help improve students’ understanding and memory of the content. Improving students’
levels of understanding also improves their motivation for learning and the effectiveness
of their learning. Teachers develop digital storytelling according to the content of their
courses. Digital storytelling has different effects when used at different times: (1) in the
introduction of teaching activities, digital storytelling can be used to introduce courses,
attract attention, and stimulate curiosity; (2) in the teaching activities, a digital narrative
can prompt students to check their concepts and theories of the course content; and (3) in
the after-class practice projects, a digital narrative can enhance students” impression of
course knowledge and become a driving force for their future learning [9].

McLellan [21] emphasized that because digital storytelling helps to improve creative
writing and communication skills, it is widely used in higher education. Robin [22] claimed
that digital narrative not only enriches the imagination of students but also provides a
valuable experience for them to create stories. Lisenbee and Ford [23] stated that 21st-
century skills (such as information literacy, visual literacy, media literacy) can be improved
through the meaningful personal creation of digital narrative, which can cultivate digital
picture creation, multimedia analysis, and knowledge expression skills. Sadik [24] pointed
out that digital narrative encourages students to think more deeply about their topic or
story, helps them personalize their experience, and provides opportunities to showcase
their knowledge of the topic.

Narrative pedagogy teaches theories in the form of stories and narratives. In the
teaching environment, narrative pedagogy is increasingly being used because the narrative
ability is not only a natural form of expression for people of any age and culture, but it
also aids cognition and understanding [25]. Dettori and Paiva [26] found that narrative
learning is considered helpful for student performance because the narrative process helps
students to understand the experience, organize knowledge, and increase their learning
motivation. Narrative pedagogy can give meaning to all knowledge points. When students
understand knowledge and create stories, their attention will be focused, and because
this learning method is challenging, it will give meaning to all cited knowledge theories,
thus arousing curiosity and fantasy and increasing learning motivation. Students use
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narrative learning to inspire inspiration and active thinking, but also because narrative
learning can cultivate narrative skills, enhance students’ understanding of knowledge
theory, and improve memory. Therefore, the ability to solve problems is also improved,
which is especially suitable for use in courses of theoretical knowledge content, such as
data communication networks [26].

3. Research Design and Teaching Methods

This research is aimed at the characteristics of Generation Z students and proposes
the use of digital storytelling teaching methods with CSCL tools to support the teaching of
computer networks, guiding students to conduct computational thinking through visual
narrative creation projects. Based on the visual gamers and active learning characteristics of
Generation Z students, using CSCL to assist teaching allows students to actively participate
in discussion activities, digital storytelling, group communication, and online sharing
of learning experiences. The course uses an online learning platform to assist teacher-
student interaction outside of class time. We develop the learning methods required for
scientific subject inquiry and critical thinking through relevant skills, such as online search,
peer discussion, and source analysis [27]. Therefore, students can use information and
communications technology (ICT) to support their collaborative learning.

3.1. Method of the Research

The target course is computer networks, which content focuses on the operating prin-
ciples of the Internet protocol stack to ensure the quality of services for data transmission.
The participants in this study were 100 freshmen from the Department of Information
Management in the College of Business.

This research explores pedagogical methods to improve learning motivation and
effectiveness. Due to the complexity and exploratory nature of the research topic, this
research adopts a mixed qualitative and quantitative research method design and pays
more attention to qualitative research results. This design allows researchers to use dif-
ferent collections of works and feedback suggestions to confirm the results based on the
comparison of teaching methods.

The qualitative research methods collect (1) students’ feedback, (2) the design work
of graphic conceptual architecture, and (3) the visual narrative creation project. The
quantitative research methods evaluate students” academic performance by comparing the
results of mid-term and final exams.

3.2. Design of the Program

This research focuses on freshmen in a computer network course. The purpose of this
course is to train students to (1) clearly explain the basic concepts of computer networks
and perform reasoning, (2) use good judgment to select tools to solve application issues,
(3) apply different algorithms for solving networking tasks, and (4) set up networks.
This course implements the proposed innovative teaching methods to enhance students’
learning enjoyment and understanding, thereby enhancing their learning effectiveness.
To maximize the effectiveness of this research, this study analyzes the characteristics of
the students, proposes innovative teaching practice plans, and analyzes the effectiveness
of the teaching methods. Figure 1 shows the design steps of this research, divided into
three steps: (1) strategic planning, (2) teaching practice, and (3) effectiveness analysis. Each
research design step is described in detail.
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Analyze students’ characteristics and

Explore Teaching Strategics review educational literature

Strategic
Planning . . .
Develop Innovative Establish teaching methods and develop
Pedagogy teaching materials
(Stage I) Implement Use traditional teaching materials and
Traditional Pedagogy carry out traditional teaching
Teaching (Stage II) Introduce Digital Establish CSCL environment and guide
Practice Storytelling Teaching digital storytelling activities
(Stage IIT) Co-create Visual Use visual teaching materials and co-create
Narrative Materials digital narratives
Effectlvel_less ik Ao P Anal_yze lea_m.mg experience and propose
Analysis continuous improvement plans

Figure 1. Research and design process of innovative teaching practice.

Step 1: Explore teaching strategies

Step 1.1: Analyze students’ characteristics: Analyze the learning characteristics of
Generation Z students, understand that students have the characteristics of active
learning and visual gamers, and adopt learning-by-doing learning methods.

Step 1.2: Review educational literature: Based on existing literature, understand the
characteristics of various innovative teaching methods. Thus, experimental learning
and group-based learning are introduced to improve students” understanding and
stimulate their interest in learning.

Step 2: Develop innovative pedagogy.

Step 2.1: Establish teaching methods: Decide to use digital storytelling methods to
enhance students’ comprehension and encourage students to jointly create visual
narrative works to enhance learning motivation.

Step 2.2: Develop teaching materials: Design diversified teaching materials for each
teaching stage to improve students’ understanding as to the basis for research amendments.

Step 3: (Teaching Stage I) Implement traditional pedagogy.

Step 3.1: Use traditional teaching materials: Only textbooks, slides, and instructional
videos are used for teaching. From the students’ notes, it is found that students only
recite the course content and lack in-depth understanding.

Step 3.2: Carry out traditional teaching: Traditional instruction focuses on basic
explanations and theoretical deduction. Students learn through a monotonous process
of absorbing knowledge.

Step 4: (Teaching Stage II) Introduce digital storytelling teaching.

Step 4.1: Establish CSCL environment: In line with the active learning characteristics
of Generation Z students, this research establishes an online learning platform and
encourages students to self-study after school.

Step 4.2: Guide digital storytelling activities: Teachers use computational thinking in
the classroom to abstract network modules, decompose functions, reasoning causal-
ity, and anthropomorphize them into story plots to help students understand the
interaction mechanism and tasks of network protocols.

Step 5: (Teaching Stage III) Co-create visual narrative materials.

Step 5.1: Use visual teaching materials: Through carefully designed visual story
teaching materials, teachers can use the narrative of anthropomorphic comics to
illustrate the concept of computer networking.
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Step 5.2: Co-create digital narratives: Organizing the key concepts of the course into
designated scenarios, students conceive the personification situation of professional
knowledge and team up to jointly create visual narratives by personification characters.

e  Step 6: Analyze research findings.

Step 6.1: Analyze learning experience: Obtain feedback from students to grasp their
understanding and enjoyment instantly. This helps to flexibly adjust the teaching
status and provide students with guidance at the appropriate time.

Step 6.2: Propose continuous improvement plans: In the digital narrative creation
projects, based on students” work and feedback, analyze whether the supplementary
teaching of visual stories and digital narratives improves the learning effect.

3.3. Teaching Methods and Materials
3.3.1. Teaching Stage I: Traditional Instruction

As shown in Table 1, traditional teaching materials are used in Teaching Stage I. When
faced with the rapid response needs and active learning characteristics of Generation Z
students, it is difficult for traditional teaching methods to adjust dynamically in response
to students’ learning effectiveness, and students’ responses can only be seen through face-
to-face interaction in the classroom. Therefore, the teacher also indirectly understood each
student’s learning status by collecting the student’s course notes. The researchers observed
student notes and found that students in class tend to only copy the definition of termi-
nology in the Internet protocol stack written by the teacher. In addition, even though the
students concentrate on the content of the class, they only understand surface knowledge.

Table 1. Course implementation method of Teaching Stage I.

Environment Activities and Tasks Time
The teacher lectures in class. 30-40 min per hour
In class Students take notes in class. 5-10 min
(Instruction with textbook) Information about assignments. 1-3 min
Q&A in class Flexible
Out of class Students do homework/take online quizzes. 30-60 min
(After class) Students share learning feedback online. 10 min

3.3.2. Teaching Stage II: Digital Storytelling Teaching Method

Table 2 shows that teachers use digital narrative materials to assist teaching in Teaching
Stage 11, especially for introducing various mechanisms for the division and cooperation of
various network protocols in the Internet protocol stack. Students absorb the knowledge
taught in the classroom, understand the meaning of the design of visual narrative materials,
and participate in simple problem-solving activities. After class, students are required to
watch online instructional videos and read the content of narrative materials to enhance
their enjoyment and motivation. The diversified course materials used in Teaching Stage II
are designed to attract students’ attention to learning computer network knowledge and
theory, thus effectively improving their learning performance.

Taking the “Internet protocol stack” unit as an example, the protocol stack has five
layers, namely the application layer, transport layer, network layer, link layer, and physical
layer. The services provided by each layer on the layer above it can be achieved through (1)
performing certain actions within that layer or (2) relying on the services provided by the
layer directly below it. To ensure that students understand the function of each protocol
layer, this research puts a service model stacked into a grid pattern to represent the protocol
stack. In image-based textbooks, contexts and symbols can be used to more intuitively
present this kind of knowledge meaning, which helps students learn and understand.
Figure 2 shows graphical notes of the structure concept. Students can look at Figure 2a
to discover the relationship between the protocol layers by placement, and then look at
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Figure 2b of the concept structure diagram, which explains the characteristics and key
concepts of each level. Through the description of the hierarchical relationship, students
can deepen their learning and understanding of the operating principles of the Internet
protocol stack. The design of the visual narrative materials proposed in this research is to
help students make good use of the textbook when reviewing the theory of the knowledge
received in class. In this way, the perception of the relationship between the various
knowledge points will be improved, and it will be easier for students to grasp information
comprehensively and understand the theoretical explanations.

Table 2. Course implementation method of Teaching Stage II.

Environment Activities and Tasks Time
The teacher lectures in class 20-30 min per hour
The teacher demonstrates how to use the storytelling method to .
In class . . 10-15 min
- . explain the mechanisms of the Internet protocol stack.
(Use digital storytelling
teaching method) Students discuss the situational story and participate in simple .
. S 10-15 min
problem-based learning activities.
Q&A in class Flexible
The teacher offers instructional videos for online self-learning. 15-20 min per video
Out of class Students develop their own digital mind maps. Flexible
(After class) Students do homework/take online quizzes. 30-60 min
Students share learning feedback online. 10 min
Sender Receiver

Internet Protocol Suite

Sender Receiver Interpret the message

I PRApplication laye Application laye!

HITP Web pages
Files P38

MTP mail
m (Boss) T Mofimedia fles u

Multiplexing/Demultiplexing Connection-oriented Congestion control

ch3

(Secretary) TCP:Reliable  Slow Transport layer Transport layer

UDP: Unreliable Fast

1]

ch4,5 Wb Ll address

Network layer _ (Assistant) [P: Best effort Network layer

(Postman)
Link layer Link layer ché Link layer Link layer

router

Physical layer Physical layer

Physical layer Physical layer

() (b)

Figure 2. (a) Scenario descriptions and (b) conceptual framework examples of teaching materials provided for the teaching
of the Internet protocol stack.

3.3.3. Teaching Stage III: Visual Narrative Creation Projects

Table 3 shows the implementation method of Teaching Stage III. The teacher uses
anthropomorphic situational cartoons as innovative situational narrative teaching mate-
rials to teach computer networks. The materials aim to stimulate students to learn from
innovative learning materials, such as the presentation of anthropomorphic comics (such
as Figure 3) and the novel-writing techniques (such as Figure 4) mediated by situational
stories to have a better understanding of the content.
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Table 3. Course implementation method of Teaching Stage III.

Environment Activities and Tasks Time
The teacher lectures in class. 20-30 min per hour
In cl The teacher demonstrates how to use visual narrative materials to .
n class . . ” . . 10-15 min
(Instruction with visual explain the functions of reliable data transfer and routing algorithms.
narrative materials) The students develop their own visual narrative projects in teams and 10-15 min
arrange after-school tasks.
Q&A in class Flexible
The teacher provides online self-learning lecture videos. 15-20 min per video
Out of class The teacher provides anthropomorphic stories, comics, and a visual Flexible
(After school) conceptual framework.
Students actively search for additional learning resource(s). Flexible
Students brainstorm online and publish their visual narratives. 30-60 min
Students share learning feedback online. 10 min

Figure 3 is a story plot in the form of comics inspired by the textbook: The boss of
Company A wants to give something to the boss of company B. The highest-level position
in the company is the boss, so the researchers designed the anthropomorphic role of the
boss to correspond to the highest-level application layer in the Internet protocol stack,
and the secretary who assists in the transmission of official documents corresponds to the
transport layer. The transport layer of the Internet has only two protocols to choose from.
Among them, the characteristics of transmission control protocol (TCP) are reliable and
slow, and the characteristics of the user datagram protocol (UDP) are fast and less reliable.
Therefore, the anthropomorphic role of the narrative uses a reliable and careful secretary
as a metaphor for TCP and a reckless and impatient secretary as a metaphor for UDP.

Figure 4 uses a novel style to describe the operating logic of the whole Internet
protocol stack. To make students more aware of their networking functions, this research
anthropomorphizes protocols into characters in the novel. In addition to transforming
their functions into the work for which each role is responsible, it also transforms the
characteristics of each protocol into the behavior of each character in the novel. Then, the
plot was then designed and written into a novel.

Other roles include the network layer (compared to company mailroom) and link
layer (compared to document delivery personnel) under the transport layer (compared to
the role of secretary). The mechanisms of each protocol are also combined with computer
networking theory. For example, TCP uses a congestion control mechanism to prevent
packet loss caused by network congestion, and an acknowledgment mechanism to confirm
whether the data packet has been delivered to the receiver. These two mechanisms are also
transformed into the TCP personification roles, which will wait for the road to be clear
before moving on, and the TCP personification roles will send a message to the sender’s
secretary for confirmation after the document is received.

With innovative narrative materials, after students receive the content in class, they
will be very happy to review the content learned in the course immediately. In addition
to being interesting and enhancing the joy of learning, this method increases students’
understanding, which has a positive impact on their learning performance.
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Boss B (Receiver) call
Boss A (Sender) and said
please give me some data.
I need to hold a concert
recently.

what kind of

data do you like?

1 can send you web
pages. files,
EMAIL, and
multimedia files
through application
layer protocols,
HTTP. FTP, SMTP.
and P2P.

Data ication is like a

The application layer is the highest layer of the company, which is the boss

Thank you. I prefer to get
reliable text information, but
multimedia should be as soon
as possible.

Buesd

These things should be
sent to the receiver, you
| and TCP are responsible
for these.

|| The boss
| wants me to
send data.

Two i the two p Is of layer,

namely UDP and TCP.

\
A Wait for TCP is too slow, I'm
% QQ the fastest.
N Q Q
7\<> 2 Of course, if you
LaAQS
\ ) lost so many things
Q eV on road, you are the
= fastest.
:-;/i\ You are the least
— reliable.

is the receiver’s mailbox blocked?
I don't care, I have delivered the
stuff. That is not my business!

Without congestion control,
the packet loss rate is high
and TCP traffic is blocked at
the same time.

uDP
overloads the
network
capacity and
prevents my
| transfer

| progress.

| —
| It doesn’t matter,
we wait for the
right situation to
| continue.

| Miss IP, you only
need to do your
best.

1 will do flow control
and congestion

control, and then call
to confirm.

We don’t ask for
speed; we only ask for
reliability. We must
deliver the goods to
the receiver ina
complete and reliable
manner.

Oh, TCP is really kind
and reliable.

It real. TCP is the
strongest!

Don't let Miss TCP lose
face, I must choose the
shortest path to send

Postman, you must take
Route 2. It is the fastest.
Miss IP is a network
layer protocol that
indicates deliver at the
link layer (postman).

The result of the
higher-level
requirements is
always the result of
the lower-level
efforts.

If you want to be fast,
don't ask for reliability.
Otherwise, we will
give you a reliable
transmission service.

Figure 3. Visual narrative materials proposed in this research—TCP and UDP anthropomorphic situational comics.
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B Data communication is like a company
W Character introduction

Boss A : The personification of the application layer of the Sender

Boss B : The personification of the application layer of the Receiver

Mr. TCP : Boss A’s secretary, has an attentive and reliable personality,
identity is the transport layer TCP

Mr. UDP: Boss A’s secretary, has a reckless and violent personality, identity
is the transport layer UDP

Miss IP : The secretary’s assistant is the network layer of the sender

Postman : Official document postal unit, the identity is the link layer

= Story plot

Phone ringing. ..

Boss A glanced at the caller ID on the phone. It was from Boss B, which
was from the application layer of the receiver.

H sighed softly and answered the phone, “Hello?"

Boss B’s voice immediately rang on the other end of the phone: “Hello,
Boss A, I want to hold a concert here. Please give me some information for my

reference.”
Boss A frowned. Although his tone was impatient, he stopped working and
found the file that Boss B pointed out. “......what would you like?"

Boss B already knew that the kind Boss A would definitely help him, so he
quickly said: “Web pages, files, emails, and video files”
Upon hearing this, Boss A was shocked, “Do you want everything?"
“Give me all your things!” Boss B felt Boss A's puzzled expression on the
phone, and couldn't help but want to tease him. “Because you are my most trusted
friend!™

Originally, Mr. UDP rested his arms boringly, looking at the information
that Boss A asked him to send to boss B. Mr. UDP snorted and grinned at a pile
of documents.

“Iam the fastest. Can't wait for the TCP girl to deal with it. Let me solve
these tasks quickly!™

In a blink of an eye, UDP turned into a gust of wind. No matter what the
situation, he rushed to the door of the receiver B company. He feels that speed is
everything, speed is power, and talents who are strong enough are qualified to
have the mark of “ am the fastest™.

“What? s the receiver’s mailbox blocked? I don’t care, I have delivered the
stuff, he has to accept it!”
“Very good, I use the checksum to check the data, and the data is okay. I
am the faster and strongest.”
UDP doesn't care if there are any files lost on the way, and he doesn't worry
about whether the other colleague's delivery will be disturbed by him, so he will
20 back and continue leisurely after the errand.

Boss A really doesn't want to waste time on such people. He i y
gave all the d to his two ies, and then inued to do other
work.

“The boss wants me to do something.” Mr. UDP said.

e '1
i )
| (A ?1"?‘
¥ - -
’. —~
e |
Miss IP said “The Mr. UDP lost packets have been squeezed out to my
schedule!™

?f

Miss TCP, the secretary who was also assigned o send the message by Boss
. ly received ints from his subordi Miss IP.

The gentle Mr. TCP is comforting her: “It doesn’t matter, we wait for the
right situation to continue. Miss IP, you only need to do your best.”

“I will do flow control and congestion control, and then call to confirm.”
TCP paused and said slowly, “We don’t ask for speed: we only ask for reliability.
‘We must deliver the goods to the receiver in a complete and reliable manner.”

Miss IP nodded in agreement and couldn't help saying what she was
thinking. “Oh, Mr. TCP is really kind and reliable.”

Hearing this, TCP pursed her lips, squinted his eyes slightly, and said with
a chuckle: “He has increased my burden, and I will take it back from him.”

Miss IP said: “It real. Miss TCP is the strongest!™

“Don't let Mr. TCP lose face, I must choose the shortest path to send things
out!™

After IP hung up the phone, she felt refreshed. She wanted to do her best,
so she continued to do the work assigned to her by Miss TCP.

She told the postman in the link layer which way to go the fastest.

“Postman, between Route 1, Route 2, and Route 3. You must take Route 2.
It is the fastest.”

After receiving her instructions, the postman worked hard to pass a large
number of files to the next postman, and so carefully completed the tasks
assigned by the upper-level supervisor.

o

After boss B received the message, he called back the sender, boss A, to
complain. Boss A replies to the receiver impatiently: “If you want to be fast,
don't ask for reliability. Otherwise, we will give you a reliable transmission
service.”

Then the transmitter hung up and continued busy work. Company A has
such a diligent boss and two secretaries who act differently, which can also
ensure the company's reputation.

As for the interesting things that happened after the employees of Company
B received the documents and came up one after another, that is another story.

END

Figure 4. Narrative teaching materials proposed in this research—a cross-level data transmission anthropomorphic novel.

3.4. Evaluation Design of the Proposed Progressive Teaching Method

The course of this research practice is a freshman computer network course, using
the textbook “Computer Networking: A Top-Down Approach”. The course uses a top-down
approach to introduce the five protocol layers and their service models of the Internet
protocol stack to enable students to progress step-by-step in each stage, from cognizing
the content of the curriculum to understanding the reasons for technological development
and then applying the knowledge they have learned to life situations. To deepen students’
knowledge of the course content, this research proposes a progressive three-stage teaching
method using different visual narrative materials to explore whether the use of visual and
digital anthropomorphic narrative materials improves students’ learning understanding,
motivation to learn, and learning effectiveness. Table 4 illustrates the teaching methods
used in the teaching-practice phase of this research.

Table 4. Design of the proposed three teaching stages.

Teaching Stage I Teaching Stage II Teaching Stage III
. Network edge, core networks, Internet protocol stack and Reliable data transfer and
Syllabus Units . .
and packet delay transport protocols routing algorithms
Knowledge Level Surface level Shallow level Deep level
L . Awareness, Causality, Effortful practice,
Learning (internal reflection M .. Coh Insich
and Comprehension) emorizing, oherence, nsights,
Understanding Meaning-making Lived experience
Teaching Materials Traditional textbook materials Digital storytelling materials Visual narrative materials

Describe concepts related to
Learning Objective computer networking and realize
the reasons for packet delay

Understand the basics of
computer networking and the
influencing factors of data
transmission efficiency

Learning Activities

Evaluation Instruments Mid-term exam

Identify the functions of the Internet
protocol stack and differentiate the
characteristics of different protocols

Students’ personal mind-map design
works and learning feedback

Explain the operation mechanism
of reliable data transfer,
congestion control, flow control,
and routing algorithms

Digital storytelling materials guide Work together to create visual
students to understand the concept of narratives and an in-depth

computer networking and understanding of the design
communications principles of the Internet.

Group situational narrative
creation project, learning
feedback, and final exam
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e  Teaching Stage I uses traditional teaching materials, textbooks, slides, and instructional
videos to teach computer networking knowledge and theoretical foundations. The
depth of knowledge learned by students at this stage is only surface level, based
on memorizing the meaning of the content and responding to simple questions.
The learning goal is to understand the concepts of computer networking and the
influencing factors of transmission efficiency. The mid-term exam is conducted at the
end of Teaching Stage I to evaluate students” academic performance.

e Teaching Stage II uses digital storytelling materials to teach shallow knowledge of
the Internet protocol stack and transport protocols. The purpose is to deepen the
understanding of the design logic of network protocols. After reading the narrative
materials provided by the teacher, students can understand the operation process and
causal relationship between computer networking mechanisms and solve existing
data communication issues. Students need to design their own mind maps and record
their experience after completion, to provide the researchers with suggestions for
revision of teaching methods.

e Inline with the information environment with which Generation Z is familiar, Teaching
Stage III carries out classroom group creation activities and applies visual narrative
methods to create interactive stories with anthropomorphic characters from the key
concepts of the course. The content of the course focuses on reliable data transfer
and routing algorithms with a deep level of knowledge. By allowing students to
implement situational narrative topical projects, the learning-by-doing learning mode
can deepen students’” understanding of learning and enhance their interest in learning.

4. Results
4.1. Students” Outcomes after Teaching Stage 11

The use of situational storytelling teaching methods allows students to enhance their
motivation to participate in the course because, as Generation Z students, they are familiar
with the behavior of social interaction on an online platform. The study found that by using
this innovative teaching method, students can absorb the content of the course, understand
the meaning of the networking mechanisms, and organize their knowledge into a mind
map. According to the student mind map shown in Figure 5, the students have a thorough
understanding of the application layer and can fully understand the content of the course
compared to the traditional teaching stage (Teaching Stage I) learning method. It can be
inferred from this that in Teaching Stage II, the teacher demonstrates digital storytelling
teaching, which can effectively guide students to practice situational narrative homework,
thereby enhancing the level of comprehension in learning.

Application layer Boss A 0\ Application layer Boss B 4\
Encapsulation Decapsulation
Transport layer Secretary Transport layer Secretary
Encapsulation . Decapsulation
Sender Network layer Assistant Receiver Network layer Assistant
Encapsulation fa i . Decapsulation
Link layer Postman € Link layer Postman
) Encapsulation ——T Decapsulation
Physical layer ysical layer @=—"

Figure 5. An example of a visual concept map designed by students.

In the teaching process of Teaching Stage II, the researchers observed that the students
saw each other’s post-reading experiences on the online platform and interacted with
each other by leaving messages below the students’ posts. Using innovative teaching
materials deepens the degree of students” involvement in the course and enables them to
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learn the content of the course from each other, thus developing a close connection between
computer networking knowledge and life practices [28]. Figure 6 shows photos taken
by students to record their participation in reading clubs, which they set up initiatively
to conduct learning experience sharing activities after class. In addition, students have
expanded from physical interactions to online interactions. For example, students asked
relevant questions on the online discussion platform and other students replied to posts
and make suggestions to help students solve problems. In addition, students took the
initiative to establish student group chats on the LINE app social network to increase
interactions with each other and share their learning.

Figure 6. Students bring the learning atmosphere of teaching and learning from online to offline.

4.2. Student Feedback for Teaching Stage 11

After students experienced the digital storytelling teaching method of Teaching Stage
II, they shared their learning experiences through handwritten learning logs. In Figure 7a,
the student said that he found this teaching method very interesting. When he felt that
the theory was difficult to understand, the teacher used a situational story to illustrate
the meaning, and the atmosphere of the class was excellent, so the students were very
involved in the course. He felt that he had benefited a lot from this class. In Figure 7b,
the student said that the teacher’s teaching method was very different from what he had
seen before. He believed that it is more memorable for teachers to use visual illustrations
to teach theories. The student also said that although he had learned the same content
before, he still did not really understand the meaning behind the theory. However, when
he participated in this class and learned to use storytelling to understand the content and
the principles behind the theory were easier to understand and remember.

(a) I think the way the teacher teaches is quite interesting, and the teaching method is also good. The
teacher use [ife-like examples to guide us to understand concepts that we do not usually understand,
especially complex networR theories. The teacher also interacts with students to make the classroom

atmosphere more active, so that we can learn more and in-depth understanding, and benefit a lot!

(b)  The way the teacher teaches in the course is very different from the way I have experienced in the
past. The rigid Rnowledge is explained with daily life examples and introduced with illustrations to
give us a deeper impression. Although I have taken the same course before, what I have learned
before is a lot of theoretical rules, and I do not understand the real meaning behind it. Through the

innovative teaching methods of this course, it is indeed easier to understand fiow to use computer

networking knowledge in a real environment.

Figure 7. (a,b) show two examples of students’ feedback on the digital storytelling teaching method
in Teaching Stage II.

4.3. Students” Outcomes after Teaching Stage 111

Students participate in visual narrative creation projects, in which they team up to
discuss the knowledge they have learned and present the theoretical knowledge in vivid
and interesting stories. Inspired by the teaching materials provided in Teaching Stage
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III, students personified the two transport layer protocols (i.e., TCP and UDP) into two
transmission services. Figure 8 shows that the students also anthropomorphized the two
transport layer protocols into cartoon characters, with short stories and illustrations in their
creations. The students compare TCP to the very reliable elven brother T, and UDP to the
elven brother U, who seeks quick success. Their parents are the application layer above
them. In the story designed by the students, T and U are going to hunt for treasure, and the
IP address is also turned into a treasure map. From these two examples, it can be seen that,
in addition to improving their learning and understanding of the content, the students
flexibly use their knowledge to transform other examples for deeper understanding and

memory, which enhances their learning pleasure and motivation.

In the world of elves, there are twin brothers who look similar but have completely
different personalities. The older brother is called Little T (TCP), and the younger
brother is called Little U (UCP). Little T is more reliable, regardless of the tasks
assigned by parents (application-level protocols) can be done cautiously and
responsibly. As the eldest brother, he set a good example for his younger brother U.
However, the shortcoming of Little T is that the completion speed is relatively slow,
and some urgent tasks cannot be handed over to him.

As for U, being too impatient is also a headache. Fortunately, God is fair, closed
his door and did not forget to open a window for him. Little U's work efficiency is
unparalleled. You don't need to establish a connection with the other party first, just
send data directly to complete the task. Just because of his speed, he often loses a lot of
packets during the journey. Fortunately, smart parents (application-layer protocols)
know the personalities of their two brothers very well and will assign different tasks
according to their personalities. They can not only meet the quality of service, but also
maximize the personality characteristics of the two brothers (TCP & UCP).

At the age of 18, the two brothers faced the first challenge in their lives. This is
designed by Mom and Dad (application layer protocols) to test whether they can
complete the task independently. The two brothers received a treasure map with a
combination of numbers (IP address), and they must retrieve the treasure. After reading
it, Little U knew where the next clue was, so he rushed out with the treasure map, but
didn't know it was foggy, and kept losing things on the road. Just when he didn't know
what to do, Little T held a flashlight to give Little U a glimmer of hope, and said to him:
“The route is already in his heart!” As expected, the reliable Little T took Little U to the
location of the clue. There is a treasure chest there. There are two certificates in the
treasure chest, which are the adult certificates given by the parents (application layer

protocols) to the two little brothers (TCP&UCP). The two were very happy to finally
pass the exam.

Ro 55 §
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Figure 8. An example of student works in the virtual narrative creation project of Teaching Stage III.

After students have successively experienced Teaching Stages II and III implemented
by this research, they can independently engage in further lifelong learning based on this
learning experience. First, the students organize the relevant knowledge structure using a
graphical mind map model and then create in-depth digital narrative content to deepen
their logical thinking. The students thus enhanced their understanding of the content
and learning enjoyment by investing in more diversified knowledge expression methods.
Taking Figure 9 as an example, the students summarized their knowledge as a mind map
according to the characteristics of the application layer. The students then personified the
Internet as a city, as shown in the comics of Figure 9. The four application protocols of
the application layer were personified into four companies. To describe the concept of
network operation, students personified a newly connected host as a visitor (the BLUE
man in Figure 9) in an unfamiliar city and set up a tour guide (the RED man in Figure 9) in
the story. The researchers found that, through the division of labor and mutual assistance
among the teammates, the students created a dazzling and colorful story in a coherent
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Internet site! Internet-

related services are really
convenient.

{ Finally arrived at the

Hello Little Blue, I am your

tour guide Little Red. I will be

ponsible for helping you
understand this changing
Internet. First, I will give you
an IP address, which is your ID
card to stay here in the future.

form of a comic. In addition to clearly explaining the knowledge content, it brings out the
fun of reading comics.

3 5

What I see now is their HTTP
department, they are responsible for
helping users communicate with the
server using a browser, and follow the
standard client-server model.

In this big city, there are HTTP80
many hosts like you living
here, as well as many
communication protocol }
companies and application
companies.

LA}

4
First of all, we came to

one of the largest
companies on the

Internet, the "WWW
Company".

Now we see that this red building is a well-
known e-mail company, they provide
reliable file transfer services, can be used

to send a large number of files, is a widely
] used official file transfer service, so it is
trusted by many users.

Figure 9. Students combined the learning experiences of Stage II and Stage III to create a comic creation.

Through feedback from students, the researchers found that when students created
these works, some team members were responsible for sorting out the content of the
course, some were responsible for writing the scripts, and others were responsible for
the artwork. The researchers also learned that the students cooperated with other team
members, were more willing to participate in the course, and enjoyed the input process.
They also looked forward to the same teaching method in future courses. The findings show
that, under the guidance of the visual narrative teaching method in this study, students’
practice of narrative creation assignments with their peers not only increases the level of
learning comprehension but also enhances the level of learning pleasure and promotes
their motivation to participate in the course.

4.4. Student Feedback for Teaching Stage III

Figure 10 shows the feedback obtained from students on the innovative visual narra-
tive materials proposed in this research. In Figure 10a, the student expressed his belief that
these teaching materials can help the student enjoy learning. The plot of the story deepened
his memory of the content, and the comics were more attractive than the pure text in the
textbook. He felt that adding comics to teaching materials would make him more willing
to study before class and review after class because it was like tracking a comic series. He
looked forward to learning and discussed the knowledge learned in the course with his
classmates. He believed that the innovative narrative of comics was helpful to his study. In
Figure 10b, the student said that he believes that the use of comics as teaching materials
has a positive effect on the student’s learning because most students feel that learning is
painful, whereas comics can make people happy, so they will be more motivated to study.
He thinks that even if he does not like reading textbooks, learning through comics will
make him more interested in learning. He also felt that visual expression and storytelling
methods can make him more impressed with the theory, so he agrees with the use of comics
as a teaching material. In Figure 10c, the student said that comics help him understand the
content of the course. With anthropomorphic characters, he has a better understanding
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of the content learned in the classroom. He believes that comics as teaching materials can
have a positive impact on learning.

(@) I think that in this way, students can have a stronger interest in the learning of Rnowledge.
Describing in the form of stories can give the Rnowledge structure a strong memory point, and the
image-based method can indeed help memorize through scientific research. In addition, compared to
reading textbooks full of rigid knowledge over and over again, I think most people tend to read
interesting comics, at least for me. And because the comic itself is attractive, if the whole comic has a
series of plots, it can also make students have a greater desire to conduct pre-class previews or after-
class reviews, just like every week they are looRing forward to new comics. LiRe the story, the
students may also chat about it, and then go deeper into the Rnowledge contained in the text.

(b)  Using comics to teach professional Rnowledge will have a positive impact on students' learning.
Most people seldom think that reading blunt textbooks is an interesting thing, which is why many
people think,"learning is a painful thing". For me, doing something happy and interesting can
motivate me to do that. Because I like reading comics, if I can combine what I hate (learning) with
what I liRe (reading comics), at least learning through reading comics makes me feel happy. It is also
said that looking at pictures can deepen our memory. Even if you forget the details of the content,
you can recall the core concept through a touching dialogue between the characters in the comics.
Just like the comics I read when I was young, many of them are not only interesting but also contain
a lot of knowledge. Based on the above, I think I agree to use comics as a teaching medium.

(¢)  Inmy opinion, using comics as a teaching medium can help me understand the content of the course
more easily, because I am a person who prefers to understand the content by looKing at pictures.
However, almost all textbooks use words to describe theoretical content, which maRes me feel
impatient. Even if I try to read it in depth, I still cannot understand it. The teacher used [ife
examples as a teaching strateqy in the course, and guided me to understand the content of the course
through comic teaching. In the process, the relationship between the application layer, the transport
layer, and the network, (ayer is anthropomorphically introduced, and the characteristics of TCP and
UDP are perfectly displayed through cartoon characters. In short, I think comics is a Rind of
teaching medium conducive to learning.

Figure 10. (a—c) show three examples of students’ feedback on the visual narrative teaching materials
provided by Teaching Stage III.

The students’ feedback showed that they unanimously believed that the introduction
of cartoons as teaching materials can increase their learning understanding and enjoyment,
thereby enhancing their learning motivation and learning effectiveness. This method
increases the opportunity for them to discuss the knowledge learned in the course with
their classmates, and they also look forward to the follow-up arrangements because of
their increased participation in the course.

4.5. Results of Academic Performance

In addition to enhancing students” understanding of the content and learning enjoy-
ment, the proposed teaching methods also enhance students’ learning motivation. As
shown in Table 5, the average score on the midterm exam was 49.4 with a standard devia-
tion of 2.82, while the average score on the final exam was 64.3 with a standard deviation
of 2.23. Comparing Figure 11a mid-term exam score distribution graph and Figure 11b the
final exam score distribution graph, the researchers found that students performed better at
the end of the semester than at the beginning of the semester. It can be inferred from these
results that, under the implementation of this research, students’ learning effectiveness
was significantly improved.
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NUMBER OF STUDENTS

25

20
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Table 5. Comparison table of student mid-term and final exam for scores.

Examination Num. Mean Std. Deviation df

Midterm exam 100 49.4 2.82 98

Final exam 100 64.3 2.23 98

Midterm Exam Final Exam

§ 2
é 20
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g 10
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SCORI SCORE
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Figure 11. Distribution of student scores in (a) mid-term exam and (b) final exam.

4.6. Student Feedback after Participating in the Narrative Creation Project

In Teaching Stage III, in addition to reading the situational narrative novels provided
by the teacher, the students also participated in the group creation of the visual narrative
project, transforming the theory of knowledge into situational narratives. Figure 12 shows
the students’ feedback. In Figure 12a, the student said that he enjoyed the process of
implementation. He does not like to study the traditional theory of knowledge, but the
innovative features of the proposed narrative materials are very rich so that students can
use their imagination to create a story based on the theory of knowledge. Although he
spends a lot of time and energy on the project, because he needs a thorough understanding
of knowledge to turn it into a story, he is happy to learn and enjoy the practice in this way.
During this period, he focused more on learning and felt that this learning method was
more meaningful than the traditional method.

In Figure 12b, the student said that the practice is different from traditional homework
design, which enables him to combine the theory of knowledge with his interests. Not
only can he understand the theory of knowledge more clearly, but he can also have fun
in the process of the practice. He felt that the use of situational narrative methods can be
both fun and practical in both the teacher’s teaching and the student’s practice. Therefore,
he looks forward to planning after the course. In Figure 12c, the student said that he
felt very satisfied after completing this project. Different from the traditional homework
design, he feels that the joy of completing the homework is worth cherishing. Although
the homework itself is challenging, he feels that practice can deepen his understanding of
the theory, and the innovative homework design allows him to enjoy learning more. He
is very grateful to the teacher for designing the homework in a visual narrative way, and
because of the completion of this homework, he is looking forward to the arrangement of
future courses.

Based on the above student feedback, it can be concluded that compared with the
teaching method of traditional knowledge instruction, students prefer the situational
narrative teaching method. After reading the visual narrative teaching materials provided
by this research, the students can create their favorite plot stories. Through participating in
the creative activities, students can experience the knowledge and theories of computer
networks, develop a deeper understanding, and discover the joy of learning. These findings
indicate that the use of digital storytelling teaching methods and visual narrative teaching
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materials increases students’ learning understanding and enjoyment, thereby enhancing
their learning motivation and having a positive impact on students’ learning effectiveness.

(@)  This project is like creating a story for me. Although I still don't like the content of the textbook, I
enjoy the entire creative process because I learn in the way I liRe. I read the textbooR first, and then
chose roles and assigned plots based on their relationship. The interesting part of this course is that
you have to take every lesson seriously. Serious classmates (such as me) will feel their brain cells have
been severely stimulated. In the beginning, when the teaching assistant posted the project rules on a
quiet and windy night, all the students were completely shocked. But after carefully understanding
the project rules, I found it very interesting. Unlike other subjects, the project of this course is to
present relevant Rnowledge interestingly, which is quite meaningful. After reading the rules, I spent
a lot of time completing this project, because the creation project is unlimited and requires a lot of
imagination to create. This is the joy of learning brought about by this creative topic!

(b)  This creative project allowed me to combine the Rnowledge learned in the course with my own
interests, which not only made the knowledge more impressive, but also allowed me to apply the
course content flexibly. Converting Rnowledge into situations that you can understand can be used
to test whether you understand textbook Rnowledge. This is not only through personal thinking and
then using words to express, but also through sorting out the thoughts and using your imagination to
present them in more diverse ways. It is very different from traditional teaching. It does not focus on
the theoretical part that is rigid and standardized. It takes both fun and practicality into
consideration. I really liRe this way of teaching. I hope that future course teachers will also use this
way to teach.

(¢)  This creative project is really fulfilling, especially when I entered the last word in my report. I felt
that I have experienced an adventure with the characters, and it felt like I have accomplished
something great. The mood should be collected forever. Although I occasionally encountered
bottlenecks when writing narratives, the ending of the story was still very smooth. Due to the length
limitation of the report, many plots can only be described briefly, which is a small regret. Al in all; 1
was very happy to have such an impressive report writing experience. I think the project is very good

Sfor students to integrate what they have learned in class and present it in a way they liRe. It can
help improve students' interest in learning. I hope there will be such an opportunity to experience it

again in the future.

Figure 12. (a—c) show three examples of feedback after students participated in the visual narrative
creation project of Teaching Stage III.

5. Conclusions

Generation Z students lack interest in purely theoretical teaching methods; there-
fore, this research proposes a three-stage progressive teaching method for the computer
network course by combining the digital storytelling teaching method and diversified
visual narrative creation projects. The purpose of this method is to enable students to
connect familiar life issues and theoretical knowledge through teaching materials with
anthropomorphic narrative stories and visual conceptual frameworks. The research results
show that the use of the proposed three-stage progressive teaching method can make the
teaching and learning process of computer network courses more effective, meaningful, in-
teresting, and creative. Therefore, the proposed innovative pedagogy can enhance students’
understanding and interest in learning.

During the implementation of this research, it is important to obtain feedback from the
students to measure the effect of innovative teaching methods after the teaching activities
to understand their knowledge acquisition, the perspective of their understanding, and
participation experience of the learning process. The participating students responded en-
thusiastically, and the students affirmed and agreed with the innovative teaching materials
and teaching methods. This response proves that the use of innovative teaching materials,
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such as visual narratives, curriculum concept structure graphics, and anthropomorphic
situational cartoons, can increase students’ understanding and enjoyment of learning, and
improve students’ learning motivation and effectiveness. Therefore, we believe that the in-
troduction of innovative visual narrative teaching methods improves learning effectiveness
compared to purely traditional teaching methods.

The research results also showed that digital narrative creation projects can stimulate
students to communicate with classmates online. Joint brainstorming for digital narrative
creation helps students develop critical and computational thinking, improves students’
ability to reason and think logically, and deepens their understanding of the correspondence
between knowledge and theories. Therefore, this study finds that the combination of visual
narrative teaching materials and digital storytelling teaching methods is an important
learning method in the modern teaching environment that can establish an active learning
teaching practice environment to cultivate the lifelong learning ability of Generation
Z students.
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