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Figure 1: VisHanfu is an interactive virtual reality system designed to promote Hanfu culture. Within the "Exhibition part" (a),
users have the opportunity to observe the digital restoration model of Hanfu artifacts with four interactive options: Rotate,
Drag, Unfold, and Try-on. In the "Experience part" (b), users can actively participate in the Hanfu-making process and view the
fluid movements of the Hanfu they create, which involves simple actions like dragging and dropping, alongside watching a

dance performed by an avatar.

Abstract

Hanfu is the representative traditional costume of Han nationality
in China, which carries the outstanding craftsmanship of dyeing,
weaving, and embroidery, and is of great significance to the in-
heritance of traditional culture. However, the existing methods of
Hanfu publicity still have problems, which are not conducive to
the inheritance of Hanfu culture. In this work, we developed the
VisHanfu virtual reality system by focusing on the "Cross-Shaped
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Flat Structure", which is an integral feature of Hanfu. We have digi-
tally restored twenty-five representative Hanfu historical artifacts
and provided an interactive making experience. Combined with
high realistic cloth simulation techniques, it allows users to inter-
actively observe the movement effects of the Hanfu. The results of
user studies demonstrates that our system can provide a favorable
experience for users, and bring a better learning effect, which helps
users to enhance their interest in learning and thus contributes to
the inheritance of Hanfu culture.
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Figure 2: The Cloak with Floral and Bird Embroidery[26]
and its structure diagram. The cross-shaped flat structure is
illustrated in blue dotted line
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1 Introduction

Hanfu, which encompasses all the traditional clothing categories of
the Han nationality in China, has a recorded history of more than
3,000 years [8]. It is a demonstration of the distinguished craftsman-
ship and aesthetics of Chinese dyeing, weaving, and embroidery,
associated with a number of Chinese intangible cultural heritages
such as Su Embroidery [22] and silk craftsmanship [41], which are
of great significance in preserving the traditional culture of China.
Cross-shaped flat structure (Figure 2) is the typical structure of
Hanfu, which greatly distinguishes it from other ethnic groups and
modern costumes. Its main features can be summarized in three
points [39]: (1) "Cross-shaped": when laid flat, the lines of the shoul-
ders and sleeves form a cross-axis with the front and back center
lines; (2) Unity: The body and sleeves are sectioned from the fabric
while keeping the front and back parts connected, and the whole
piece of fabric is directly utilized for splicing; and (3) Flatness: tra-
ditional Hanfu is not based on three-dimensional tailoring design.
These characteristics are related to the frugal spirit of the ancients,
who wished to maximize the use of fabrics and avoid waste.

With the emphasis on traditional culture in recent years, Hanfu,
as an important part of it, has also received increasing attention.
The results of a survey [33] in which 1,902 participants were asked
to report how they learned about Hanfu culture show that 59.3% of
them through film and television productions, 54.7% through social
media, and the next most popular sources were Hanfu cultural club
(49.1%), historical documents (40.7%), and museum exhibits (38.8%).
However, there are still some problems with the existing methods of
publicizing Hanfu culture for the general public: (1) The way of as-
sociations and museum exhibitions requires people to be physically
present, which is not convenient enough and is not friendly to peo-
ple in such areas where cultural resources are not rich enough; (2)
Although the way of books and videos is relatively convenient, the
audience can often only passively accept the author’s output, and it
is difficult to bring personalized and immersive learning experience
for users; (3) Some popular movies and TV shows contain fallacies,
for example, the costumes worn by the actors do not match their
historical backgrounds, bringing misinformation to the audience.
Additionally, Hanfu is also a commodity with a sizable market;
in China alone, it has a market worth over billions of dollars and
millions of consumers [17]. However, Hanfu sold on the market
are frequently modified styles in order to satisfy the aesthetic and
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daily wear needs of people. This makes it difficult for the public to
understand the traditional Hanfu knowledge of structure, texture,
and its corresponding cultural connotations and may even cause
confusion. For instance, some merchants sell the tops and bottoms
from different dynasties in sets.

To address the above problems and to properly publicize Hanfu
culture, we invited a Hanfu expert as a consultant, and under his
guidance, we implemented a virtual reality system, VisHanfu, fo-
cusing on the cross-shaped flat structure of Hanfu. In the system,
we introduced the formation reasons and characteristics of the
cross-shaped flat structure, and selected twenty-five representative
Hanfu artifacts of different dynasties to be digitally restored for
users to interact. Additionally, the VisHanfu system offers an in-
teractive and easy-to-use making functionality that enables users
to more naturally experience the process of cutting, stitching, and
sewing Hanfu. Combined with the high realistic cloth simulation
technology, users can observe the non-rigid motion effect of the
Hanfu they created by dragging and dropping the clothing model
by operating the controller. We also invited an experienced dancer
to perform a Chinese dance, recorded her movement data, and mi-
grated it to the MetaHuman [14] model so that users could watch
an avatar dance while wearing the Hanfu they made in the system.
We deployed the VisHanfu system in a local museum for a week,
invited 150 visitors to experience it, and conducted a laboratory
user study containing 60 participants. The results indicate that our
system helps users enhance their interest in learning about Hanfu
culture and answer questions more correctly after learning with
our system than learning by reading paper materials.

The main contributions of our work include:

(1) We developed VisHanfu, an interactive virtual reality sys-
tem focusing on the cross-shaped flat structure, to overcome the
lack of convenience, immersion, and fun in existing Hanfu culture
dissemination methods, and to help the promotion of Hanfu culture;

(2) A digital restoration scheme for Hanfu artifacts was proposed,
which improves the efficiency of texture reconstruction for Hanfu,
and twenty-five famous Hanfu artifacts was reconstructed;

(3) Combined with high realistic cloth simulation technology, the
non-rigid movement of Hanfu model in virtual reality is realized,
allowing users to observe the movement effect of the clothes in
real time through simple interactions such as dragging and drop-
ping, which provides insights for enriching the user’s interaction
experience with Hanfu and other clothing artifacts.

2 related work

Virtual Reality Exhibition. As Virtual Reality (VR) technology
advances, user experiences grow more realistic with innovations
like high-resolution displays and immersive audio. VR-based vir-
tual exhibitions, widely used in museums and art fields, offer im-
mersive experiences like Mona Lisa: Beyond the Glass at the Lou-
vre Museum([25] and VR tours by the National Museum of Nat-
ural History[28] and the Palace of Versailles[29]. Advancements
in computer graphics make it easy to model artifacts and archi-
tectural structures, allowing for experiences like exploring Hun-
garian ballet history in a virtual theater[9]. Virtual exhibitions
reconstruct lost or damaged artifacts and sites, surpassing phys-
ical exhibitions’ limitations [32]. Modern VR technology enables
accurate tracking and simulation of users’ movements, enhancing
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(a) AL d

Figure 3: Virtual exhibition halls in VisHanfu system (a) and the 3D models with artifact photos placed in hall 2-6 (b). Our
system provides users with four methods of interacting with the Hanfu artifact model, including: Rotate, Drag, Unfold, and
Try-on. (c) shows the scene when the user tries on the model in third-person perspective (the first-person perspective is applied
when user experiences)

interaction[16]. VR exhibitions, like the Virtual Museum of the various dynasties for users to observe (one example is shown in
Antikythera Mechanism[3], offer unique interactions impossible in Fig. 3(b)). In the Hanfu-making experience section, users are able
physical exhibitions, attracting younger audiences to cultural his- to create a virtual Hanfu by completing some easy interactive tasks
tory. The immersive nature of VR exhibitions allows users to fully that we have designed. By using two kinds of presentations, i.e.,
engage without external distractions, as seen in educational VR high realistic 3D models and animated dance motion sequence (Sec-
exhibitions like the Vauquois Tunnel[10]. Virtual exhibitions can tion 3.5), users can observe the non-rigid movement of the Hanfu.
integrate with online resources, offering personalized experiences The four components, i.e., “Virtual Scenario Construction”, “Dig-
tailored to user preferences, as explored by scholars combining VR ital Restoration of Hanfu artifacts”, “Virtual Hanfu Making”, and
with recommendation systems to track user interests[18]. However, “Display of the virtual Hanfu” are crucial to the development of our
to the best of our knowledge, there is a scarcity of virtual reality VisHanfu system, which are described in the following sections.
exhibitions relating to Hanfu.

Virtual Reality in Education. Initially, VR was linked mainly 3.2 Virtual Scenario Construction
to gaming and entertainment, but its use in education is gaining We designed a virtual reality scenario that simulates a real museum,
traction for its ability to create immersive learning environments. which consists of an exhibition and an experience part (Fig. 3(a)).
Using VR environments to develop serious games, which are de- The exhibition part includes six exhibition halls (exhibition halls
signed for education or training, as suggested by Tsita[35] , can 1-6), and the experience part occupies one of the exhibition halls
enhance learning and enjoyment. Ni[27] points out VR’s potential (the exhibition hall 7). In hall 1, we first introduce the origin and
in revolutionizing early childhood education through innovative characteristics of the cross-shaped flat structure. Next, we set up
instructional methods. Parmar[31] evaluates VR’s impact on mid- five exhibition halls corresponding to the five dynasties of China
dle school students learning computer programming, suggesting (Pre-Qin, Han, Tang, Song and Ming) in chronological order. This
immersive environments and self-avatars enhance education. In arrangement makes it possible for users to comprehend how Hanfu
higher education, researchers(2, 6, 11, 13, 19] highlight VR’s poten- evolved over many historical periods. In each exhibition hall, not
tial to enhance learning, but a study by Slavova[34] emphasizes only is a representative 3D model of Hanfu artifacts with cross-
the need for improved social interaction and productivity tools. shaped flat structure in that era placed, but on the wall beside
Kim[20] introduces a VR MOOC Learning Management System for the model, photographs of the artifacts, diagrams of their cross-
chemistry experiments, aiming to improve instructional design for shaped flat structure, diagrams of their patterns, as well as textual
interactive VR learning. Kvasznicza [21] develops a VR project to introductions are displayed to help the user learn about the artifacts
enhance learning experiences for electrical engineering students, more thoroughly.
aiming to boost academic performance and job prospects. The emer- L. . .
gence of VR in education signifies a promising shift in knowledge 3.3 Digital Restoration of Hanfu artifacts
dissemination, emphasizing its importance as a potent instructional Textile artifacts are prone to fading and decay over time. It is diffi-
tool. Consequently, VR could be utilized to promote and popularize cult to help the public understand the real color, texture, and shape
Chinese fashion culture. of the artifacts based on the photos of the excavated artifacts. There-
3 System Design fore, we consulted experts in Hanfu research and chose twenty-five

sets of Hanfu artifacts representative of different dynasties to be

3.1 Overview digitally restored, in order to help the audience better understand

To increase the user’s interest in learning and spreading Hanfu the Hanfu culture. We first conducted literature research to under-
culture, we developed the VisHanfu virtual reality system concen- stand the structure diagrams, size information, materials, pattern
trating on the cross-shaped flat structure. The system consists of diagrams, etc. of the Hanfu artifacts that we aim to restore from
two parts: digital Hanfu artifact exhibition and Hanfu-making expe- the archaeological reports. A 2D garment pattern is created based
rience (refer to the magenta and cyan parts in Fig. 3(a)). According on archaeological measurements(Fig. 4(a)), then converted into a
to reliable historical documents, we described the characteristics 3D mesh for virtual fitting(Fig. 4(b)). The 3D patterns are arranged
and origins of the cross-shaped flat structure in the exhibition part around an avatar, following sewing connections (Fig. 4(d)), and
and digitally reconstructed twenty-five sets of Hanfu artifacts from simulated to drape over the avatar(Fig. 4(e)). Collars and sleeves
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Figure 4: The process of reconstructing a Hanfu mesh. See text for the description of each step.

—

(a) (b) © )

Figure 5: The method of reconstructing a Hanfu texture. See text for the description of each step.

are added, and the process continues until the desired garment [24] [38] [12], users are able to observe the high realistic non-
shape is achieved(Fig. 4(f)). The process of reconstructing a Hanfu rigid motion effect by dragging and dropping the model vertices
texture(Fig. 5) involves creating a tileable pattern, and generate (Fig. 7b). This greatly improves the users’ experience and increases
fabric texture in Substance Painter. Texture maps are packed and the users’ freedom of observation of the clothes in comparison to
parameterized in UE for efficiency. the conventional rigid transformations like translation, rotation,
3.4 Virtual Hanfu Making zoom-in, and zoom-out. (2) Performance of Dance. We invited a

experienced dancer to perform a Chinese classical dance, used
motion capture technology to record her movement data (Fig. 8),
and migrated that movement data to a high-precision MetaHuman
model with a typical Chinese face to generate an animation of
avatar dancing in Hanfu. This process also uses cloth simulation
techniques. Combining Hanfu with Chinese classical dance allows
users to better appreciate the aesthetics of Hanfu.

We have divided the traditional Hanfu-making process (according to
the stack-cutting method in literature [40]) roughly into four simple
steps. To complete the production of a Hanfu, the user only needs
to follow the prompts to complete a series of simple interactive
tasks. This part aims to help users to experience and understand the
process of making traditional Hanfu. The four steps are described
as follows (See Fig. 6) :

Step1: Fabric slitting. To divide a whole piece of fabric into two 3.6 Implementation
pieces, the user slides the "scissors” icon along the dotted line using Our VisHanfu system is developed using Unreal Engine 5 [15] (UE5,
the VR controller. Version 5.1.1) and optimized for the VIVE XR Elite headset [37]. The
Step2: Fabric folding. The user uses the VR controller to manip- digital restoration garment models were created in Style3D [23]
ulate the “hand” icon along the dotted line to fold and stack the and imported into UE5. To enhance fabric material performance,
pieces cut in Step 1 along the center line. Adobe Substance 3D Painter [1] was used to generate highly re-
Step3: Cutting. The user cuts the fabric into pieces along the alistic texture bitmaps, which were then imported into UE5 and
dotted line with the controller by manipulating the “scissors” icon. transformed into material assets. Vicon [36] optical motion capture
Step4: Unfolding and Sewing. The user uses the controller to equipment and Autodesk Motion Builder [4] were used to produce
manipulate the “hand” icon to unfold the pieces, and our system dance animation compatible with the Metahuman avatar [14].
will automatically perform the sewing step to get the complete
Hanfu. 4 User Study

We conducted two user studies in a local museum and in the labo-
ratory to find out how users learned about Hanfu knowledge and
their perspectives on the system. These studies have been approved
by our university’s Institutional Review Board and the approval
number is 20220110.

3.5 Display of the virtual Hanfu

In this part, the virtual Hanfu produced in Section 3.4 is displayed.
With the help of cloth simulation technology, the high realistic non-
rigid movement of Hanfu is possible. The two display solutions as
follows: (1) 3D model. The 3D model of virtual Hanfu is placed on
the platform, similar to the Hanfu artifact display method stated .
in Section 3.3. A variety of textures are pre-produced for users to 4.1 User study 1 (in the Museum)

choose from (Fig. 7a). By switching procedures, users can view We deployed our system in a local museum for a week and recruited
Hanfu with various textures. Using the cloth simulation technology visitors to use our system and give feedback.
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“scissors”

‘hand”

Figure 6: The process of traditional Hanfu production consists of four steps, including “Fabric slitting”, “Fabric folding”,
“Cutting”, “Unfolding and Sewing”. Users can interactively experience this process in the VisHanfu system.

(b)

(2)
Figure 7: The display of the Hanfu model. (a) A variety of
textures are pre-produced for users to choose from. (b) Users
are able to observe the non-rigid motion effect by dragging
and dropping the model vertices. See demo video for more
details.

4.1.1  Participants. There were 150 participants, including 69 males
and 81 females, who used our system, ranging in age from 8 to 68
years old (M = 19.15, SD = 11.86). Participants were recruited
based on the following criteria: (1) Participants must be able to
wear the VR glasses properly, so we excluded children whose head
circumference was too small for it. (2) Participants must have nor-
mal or corrected-to-normal vision and be able to see the VR scenario
clearly.

4.1.2  Procedure. Before the experiment began, the experimental
procedures were explained to participants, and informed consent
was obtained from each individual. After ensuring that they could
operate the system correctly, users used the VisHanfu system to
learn about the cross-shaped flat structure, observe Hanfu artifact
models, and experience Hanfu making. After the VR experience,
users completed a 11-question questionnaire and were interviewed
to report on their feelings about using the VR system.
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4.1.3 Questionnaire. The questionnaire contains 11 questions, of
which 1-10 are from the System Usability Scale (SUS) [7], which
is used to evaluate the usability of the system. Users rated each of
the 10 questions according to their level of agreement on a scale of
1 to 5, with 1 being strongly disagree and 5 being strongly agree.
Question 11 is designed to investigate whether the user’s interest in
learning Hanfu culture has been enhanced after using the system.

4.1.4 Results of questionnaire. We report the questionnaire results
of the user study at the museum in this section, and the results
of the interview will be reported in section 4.3. The questionnaire
results indicate that our system has good usability and helps users
increase their interest in learning about Hanfu culture.

According to the scoring rules of the SUS scale, the raw data of
the SUS scale (Question 1 to 10) was processed as follows: (1) For
the questions with an odd number, subtract 1 from the score. (2)
For the questions with an even number, subtract their value from
5. (3) Add up new values to obtain the total score. (4) Multiply the
total score by 2.5. It returns a score of 79.80/100 with an SD of 11.48,
which indicates VisHanfu system has good usability [5]. The user
study conducted in the museum has greater ecological validity and
more accurately reflecting the experiences of the general public.

We also explored users’ subjective perceptions of whether their
interest in learning about Hanfu culture increased after using the
system through Question 11. A score of 5 means “strongly agree”
that the VisHanfu system enhances user’s interest in Hanfu culture,
and a score of 1 means that the system is not useful at all in enhanc-
ing user’s interest. The mean score for this question was 4.60 with
a standard deviation of 0.73. We further counted the corresponding
numbers of people with different scores and the results showed that
more than 98% of the participants thought that our system could
help enhance their interest in learning Hanfu (scoring greater than
or equal to 3).
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(b)

Figure 8: The generation process of an animation with avatar dancing in Hanfu. (a) Motion capture. (b) Data migration. (C)
Screenshots of the animation. See demo video for animation details.

4.2 User study 2 (in the Laboratory)

In addition to the usability of the system and the effectiveness of
increasing user interest studied in user study 1, we would like to fur-
ther investigate the effectiveness and engagement of the VisHanfu
system, then we conducted user study 2 in the lab.

4.2.1 Participants. We recruited 60 participants, 30 in each of the
experimental and control groups. The experimental group included
14 males and 16 females, ranging in age from 19 to 33 (M = 23.80,
SD = 3.80). The control group included 15 males and 15 females,
ranging in age from 19 to 35 (M = 25.93, SD = 4.22). Participants
were recruited based on the following criteria:: (1) Participants must
be able to wear the VR glasses properly, so we excluded participants
whose head circumference was too small for it. (2) Participants must
have normal and corrected-to-normal vision and be able to see the
VR scenario clearly.

4.2.2  Procedure. The experimental procedures for the experimen-
tal and control groups are as follows:

Experimental group. Participants in the experimental group
received instructions on how to use the system, and once it had
been confirmed that they can use it properly, they were asked to
utilize VisHanfu for around 20 minutes to learn about cross-shaped
flat structures, view twenty-five Hanfu artifacts, and experience
the cutting process. After that, the user will answer a 28-item ques-
tionnaire and receive an interview.

Control Group. Participants spent 20 minutes studying a paper-
based material that contained all the Hanfu-related knowledge
mentioned in the VisHanfu system, including the origins and char-
acteristics of the cross-shaped flat structure, illustrations and tex-
tual descriptions of the twenty-five Hanfu artifacts, and the Hanfu
production method. A 5-item questionnaire was completed by the
participants at the end of the study.

4.2.3 Questionnaire. There were differences in the questionnaires
of the two groups, which we describe below.

Experimental Group. The experimental group questionnaire
consisted of 28 questions divided into two parts. The first part con-
tained 23 questions that allowed the users to subjectively score
the statements on a scale between 1 and 5 (1=strongly disagree,
5=strongly agree). Questions 1-11 were the same as the question-
naire in user study 1 (Questions 1-10 were from the SUS scale, and
question 11 was used to investigate whether the user’s interest in
learning Hanfu has increased after using the system). Questions
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12-23 were from UES-SF scale for assessing the users’ engagement.
The second part contained five questions (Question 24-28) about
Hanfu culture, which were used to assess the effect of using the
VisHanfu system to learn Hanfu knowledge.

Control Group. The questionnaire for the control group con-
tained 5 questions, the same as the second part of the questionnaire
for the experimental group.

4.2.4 Questionnaire results. The questionnaire results of user study
2 are reported below. According to the results, our system has good
usability, helps to enhance users’ interest in learning about Hanfu
culture, and performs well on scales assessing user engagement. In
addition, the experiment demonstrated that users studying Hanfu-
related knowledge using our system (experimental group) scored
higher on the Hanfu-related knowledge questionnaire compared to
participants using traditional reading materials (control group).

System Usability (Question 1-10): We calculate the SUS score
as described in Section 4.1.4, and it returns a score of 75.00/100
with an SD of 13.82, which indicates VisHanfu system has a good
usability [5].

User Interest (Question 11): We also investigated users’ sub-
jective opinions of whether their interest in studying Hanfu culture
has risen as a result of utilizing the system. A score of 5 means
“strongly agree” that the VisHanfu system increases their interest in
Hanfu culture, while a score of 1 means that they do not think the
system contributes anything to increase their interest. The mean
score for this question was 4.40 with a standard deviation of 0.68.
The number of individuals with various scores was also counted.
Four out of twenty people scored a 3, twelve scored a 4, and fifteen
scored a 5. The findings revealed that, for all participants (who
scored greater than or equal to 3), our system might increase their
interest in learning Hanfu culture.

User Engagement (Question 12-23): We use the UES-sf scale
for measuring users’ engagement in using the VisHanfu system, and
it is further divided into four subscales to investigate the focused
attention (FA, Question 12-14), perceived usability (PU, Question
15-17), aesthetic appeal (AE, Question 18-20), and reward (RW, Ques-
tion 21-23). According to the calculation rules in [30], the results
of UES-sf scale are shown in Fig. 9(a). The results demonstrate
that the VisHanfu system has achieved higher ratings both overall
and across subscales, indicating superior user experience. Users
reported high FA, feeling deeply absorbed and often losing track
of time during interactions. PU score is favorable, with users ex-
periencing minimal negative affect, high control, and reasonable
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Figure 9: (a) The results of the engagement evaluated by UES-
sf scale. (b) The accuracy (in percentage) of Question 24 to 28
in both experimental and control groups.

Table 1: The chi-squared test results for accuracy comparison
between the experimental and control groups.

Question | 24 25 26 27 28
)(2 0.13 | 1.46 | 4.80 | 12.00 | 6.67
P 0.72 | 0.23 | 0.03 | 0.001 | 0.01

effort expenditure. The system also excelled in AE, reflecting an
attractive and visually appealing interface. These consistently high
ratings across dimensions highlight VisHanfu’s ability to deliver a
compelling user experience, successfully integrating functionality,
ease of use, and visual design.

Learning Effectiveness (Question 24-28): These questions
were used to evaluate the effectiveness of learning Hanfu knowl-
edge in different ways. Five questions were included. The user’s
knowledge of the Hanfu artifacts displayed in the exhibition part
was assessed using Questions 24 and 25, while understanding of
the characteristics and origins of the cross-shaped flat structure
was assessed using Questions 26 and 28, respectively. We designed
Question 27 to evaluate the user’s comprehension of the Hanfu
production process.

We calculated the accuracy for each question in the experimental
and control groups (Fig. 9(b)). We performed the Chi-squared test
to explore whether the accuracy between the two groups on each
question was significantly different (Table 1). On Question 24, the
accuracy of the experimental group is 86.67%, and the control group
is 83.33%. On Question 25, the experimental group’s accuracy is
93.33%, while the control group has only 83.33%. We do not observe a
significant difference between the two groups on Question 24 (y* =
0.13, p = 0.72) and Question 25 (x? = 1.46, p = 0.23). Question 26
was more difficult, so the accuracy of both groups was lower, 80%
for the experimental group and 53.33% for the control group. There
was a significant difference between the two groups on this question
(x? = 4.80,p = 0.03 < 0.05). Questions 27 and 28 reached 100%
correctness for the experimental group, whereas for the control
group, the accuracies were only 66.67% and 80% respectively. And
significant differences were observed on these two questions (Q27:
x? =12.00,p = 0.001 < 0.05; Q28: y* = 6.67,p = 0.01 < 0.05). It
shows that on all five questions, the experimental group obtained a
higher accuracy than the control group.

The total score of Questions 24 to 28 was analyzed using the
independent-samples T-test, and there are significant differences
between the experimental and control groups (t = 4.16, p = 0.000 <
0.05). The results indicate that using the VisHanfu system allowed
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users in the experimental group to more thoroughly understand
knowledge about Hanfu, including the origins and characteristics of
the cross-shaped flat structure, information about the twenty-five
Hanfu artifacts, and the method of Hanfu production.

4.3 Interview

In addition to the questionnaire, we further inquired about the
user’s feelings towards the system through an interview (in both
user studies), asking them to answer the following three questions
as well as provide any additional perspectives.

MQ1: Has there been an increase in interest in learning about Hanfu
culture? Will you take the initiative to learn about it afterward? How
do you learn about it?

We realized that a subjective score based on Question 11 of the
questionnaire is not enough to demonstrate that their interest in
Hanfu culture has indeed increased and that this conclusion can
only be reached after a long period of follow-up. Accordingly, we
would like to further analyze this issue by using the question MQ1
in the interviews.

We found that those who reported an increased interest in Hanfu
said that they had taken the initiative to learn more about Hanfu
through, but not limited to, actively reading books, searching the
web, and traveling to museums. Some children demonstrated a
strong interest in learning by giving a clear time schedule: "I will
ask my mother to take me to a museum with more Hanfu artifacts
on my next holiday". Some participants actively asked us about
Hanfu during the system experience, for example, "Where was this
artifact unearthed?", "Who wore it before?", "On what occasion was
this suit worn?" In addition, after the experience, some participants
took the initiative to search for issues of interest through their
mobile phones and tried to discuss them with our staff, for example,
"Was this dress in this colour in ancient times?", “What is the name
of this cutting method?" Based on this feedback, we think that
the VisHanfu system has increased the interest of some users in
learning about Hanfu culture and therefore has the potential to
promote it.

MQ2: What is the difference between using the VisHanfu system to
learn Hanfu culture and the traditional way of learning? Which one
do you prefer?

This question was used to help us understand the advantages
and disadvantages of this interactive virtual reality-based system
compared to traditional learning methods such as reading, visiting,
and watching videos. We summarized the users’ responses and
found that they generally found this novel interactive system more
appealing for them to learn about Hanfu culture than the traditional
common learning methods. Our system is more immersive and in-
tuitive than reading written materials and watching videos. One
boy said, “This system makes me more willing to explore on my
own initiative.” Almost all the children said they preferred this type
of interactive learning. Moreover, some parents said that using this
immersive VR system makes little difference to their children com-
pared to taking them to a museum to see artifacts, but minimizes
their travel costs, making it very friendly to them.

4.4 Expert Evaluation

We also invited an expert of Hanfu to evaluate our system. His per-
spective is as follows: In contrast to conventional display methods,
this system offers a more interactive and flexible viewer experience
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while comprehensively presenting ancient Chinese costume evo-
lution. It effectively demonstrates garment silhouettes, structures,
and fabrics, fostering a multidimensional understanding through
various interactions. The interactive design and creation of the
’beizi’ garment are particularly engaging, with the dance segment
highlighting its soft texture and ergonomic properties. However,
garment detail replication could be improved. For instance, the
Hanfu sample lacks structural elements like back seams. Referenc-
ing Southern Song Dynasty artifacts from Huang Sheng’s tomb
could enhance the authenticity of the its structure, patterns, and tex-
tile weaves. Developing digital models of related garments would
further improve historical accuracy and aesthetic representation.

5 Discussion

Through two user studies, we found that age affects users’ use and
evaluation of the VisHanfu system. Children were more willing
to experience the VisHanfu system than adults. User study 1 was
conducted in a local museum, and since it was during the summer
holidays, there would be a lot of children as well as their parents.
However, we found that the number of adults who were willing to
experience it was far less than that of children. Only a few adults
came forward to inquire whether they could participate, but the vast
majority of them wished to let their children get the opportunity
rather than themselves, and they would explain that they had not
used a VR device before or did not understand the operation of the
VR device, thus refusing our invitation. We could only entice them
to give feedback on the experience by explaining that it was very
simple to operate. Although the minimum age of the users reported
in the user study was 8 years old, there were actually some children
younger than 8 years old who also expressed a strong willingness
to use the device, but due to their head circumference being too
small to wear the glasses properly, they could not complete the
experience on their own, so these participants were excluded from
the report on the results of the user study. Some of the children
were willing to queue up several times after the experience to try
it again, even though it took them a lot of time. We believe that
both the VR experience and Hanfu culture are crucial for children’s
participation. While the VR experience undoubtedly holds great
appeal for children, we also reported the results of the interview
(MQ1 of Section 4.3) to analyze the impact of Hanfu culture on
their participation: children expressed a desire for their parents to
take them to museums to explore more Hanfu artifacts and proac-
tively sought Hanfu-related knowledge. This feedback indicates
that children have a genuine interest in Hanfu culture.

Children often tended to give more positive evaluations, which
was also reflected in the scoring of the usability scale. Compared to
a noisy museum that can be disturbed by others (which is why we
did not test user engagement and learning effect in user study 1,
where others also interacted with the user during their experience,
which would have affected both results), a quiet lab allowed the
user to be more attentive to learning the system’s instructions and
operating it, and we would have expected that the SUS scales in
user study 2 scores would be higher. However, the results show
that user study 1 scored 79.8 on the SUS scale, while user study
2 scored 75.00. This may be due to the fact that the users in user
study 1 were more likely to be children, who tended to give more
positive ratings.
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There were differences between the focus of adults and children.
We found that children were more concerned about the richness of
the content presented by the system, and they tended to gain more
knowledge. For example, many of them expressed their wish to
have more content to learn (e.g., more models of artifacts, different
ways of making Hanfu, etc.), but adult users were more concerned
about whether the operation is convenient, the instructions are
clear, and the experience is smooth. Synthesizing their views can
help us make enhancements to the system.

Furthermore, we believe that this system demonstrates signifi-
cant potential for versatility. Although VisHanfu aims to promote
Hanfu culture, the underlying technologies it employs, such as
virtual reality clothing simulation and the digital reconstruction
workflow, have broad applications across various scenarios. These
include virtual reality-based clothing design and visualization, vir-
tual runway shows, and virtual garment fittings. Furthermore, the
highly realistic cloth simulation employed in VisHanfu’s Hanfu-
clad dancing avatar can be readily adapted for use in other virtual
reality applications such as movies or games.

6 Limitation and Future Work

The system was not specially designed for users of different ages, so
through the user study, we found that the Hanfu-making experience
part of the system was relatively simple for middle-aged people,
although the difficulty was appropriate for children and the elderly.
In order to provide users the freedom to pick the level of difficulty of
the experience, we will further update this part by adding different
modes (for example, the procedures for making the Hanfu in the
HARD mode will be split in more detailed steps). Moreover, we will
recruit participants with diverse backgrounds to further enhance
our system.

7 Conclusion

Hanfu is the traditional costume of Han nationality in China, in-
volving textile, embroidery and other handicrafts, which is very
important for the inheritance of Chinese traditional culture. Aim-
ing at the problems of single experience and lack of convenience
in existing promotion methods, we designed the VisHanfu virtual
reality system, which allows users to observe the exquisite Hanfu
artifacts and experience the Hanfu making process, to enhance the
users’ interest in learning Hanfu culture, and to help the spread of
it. We propose a solution for the digital reconstruction of Hanfu
artifacts. Compared to the existing methods, our approach achieves
an improvement in the efficiency of texture reconstruction by pa-
rameterizing the texture maps while ensuring accuracy. In terms of
Hanfu model display, our system incorporates cloth simulation to
help users observe the real-time non-rigid motion of their created
Hanfu through drag-and-drop operations and captures the dancer’s
movement data so that users will be able to watch an avatar per-
form a Chinese dance in their created Hanfu. Two user studies were
conducted. One user study with 150 people in a museum showed
that our system has good usability and is helpful in increasing users’
interest in learning Hanfu culture. The other user study with 60
people in a laboratory not only obtained similar conclusions as the
previous user study but also further showed that our system helped
users gain a good sense of engagement.
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