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Abstract

     The study explores how Virtual Reality (VR) applications address the challenges of conveying 
tactile feedback in traditional calligraphy practice. It examines the feasibility of VR in simulating 
calligraphy’s tactile aspects, including brush strokes, ink flow, and paper texture, and the im-
portance of tactile feedback in learning calligraphy. The challenges in simulating realistic tactile 
sensations in VR are discussed, alongside current technologies in haptic feedback, strategies for 
simulating calligraphy tools, and case studies of VR calligraphy applications. It concludes with 
future directions for improving tactile feedback in VR calligraphy training.

Keywords: Virtual Reality; Tactile Feedback; Calligraphy; Haptic Technology; Educational Tech-
nology

Introduction 
Feasibility of VR for learning Chinese calligraphy

     VR technology has high feasibility in simulating brushstrokes, ink effects, and paper, providing a 
new experience for calligraphy learning and has great application potential. It also has many advan-
tages in spreading in the world, which can promote cultural exchange, attract young people, break the 
limitations of time and space, and expand the market for calligraphy education.

•	 Simulation of brushstrokes and ink effects: VR technology can simulate the brushstroke effects of 
different writing brushes, as well as the flow and vague dying effects of ink on different papers. 
This allows students to experience the charm and variation of different brushstrokes and ink 
techniques.

•	 Paper simulation: VR technology can simulate various papers of different textures, such as rice 
paper, hemp paper This allows students to practice brushstrokes and ink techniques on differ-
ent papers and experience the influence of paper on calligraphy.

•	 Environmental simulation: By simulating the atmosphere of environments such as study rooms 
and tea houses, VR technology can allow students to experience the process of calligraphy cre-
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ation in a virtual space and feel the influence of different environments on calligraphy creation.
•	 Interactive experience: VR technology can realize the virtual simulation of brushstrokes, allowing students to practice brush-

strokes through VR controllers and create in a virtual environment. It also provides teacher or system evaluation functions.
•	 Immersive experience: Through VR headsets and controllers, students can immerse themselves in a virtual calligraphy learning 

environment and obtain a high degree of realism, thereby improving the learning effect.
•	 Promote cultural exchange: VR technology can provide a new way for Westerners to learn Chinese calligraphy, and promote cul-

tural exchange between the East and the West.
•	 Attract young people: VR technology can make the learning of calligraphy more interesting and interactive, attracting more young 

people to learn and inherit this traditional art form.
•	 Break the limitations of time and space: VR technology can break the limitations of time and space, allowing people from all over 

the world to learn Chinese calligraphy anytime, anywhere.
•	 Expand the market for calligraphy education: VR technology can expand the market for calligraphy education and provide new 

opportunities for the development of the calligraphy industry.

The Importance of Tactile Feedback in Calligraphy

    Although not directly studied, the importance of tactile feedback in calligraphy can be inferred from research on how tactile feed-
back enhances prosthetic use and object manipulation. Studies have shown tactile feedback improves grip force control, motor coor-
dination, and embodiment in prosthetic limb users (Schiefer et al., 2016; Clemente et al., 2019). This feedback enables delicate object 
manipulation and fine motor control essential for calligraphy. Specifically, tactile input allows modulation of applied force for varied 
stroke thicknesses and facilitates learning new motions with greater precision (Bark et al., 2015). Additionally, tactile feedback con-
veys detailed surface information, enabling recognition of paper texture and ink flow (Vargas et al., 2020). Thus, tactile feedback likely 
contributes to the artistry of calligraphic work by enhancing control, sensory experience, and response to interactions between the 
writing instrument and paper.

     Further evidence comes from studies showing tactile feedback improves object discrimination and manipulation, increasing confi-
dence and embodiment in prosthetic users (Schiefer et al., 2016). By restoring motor coordination, intraneural sensory feedback en-
ables precise force application in object grasping (Clemente et al., 2019), directly translatable to controlled pressure for varied stroke 
thickness in calligraphy. Moreover, tactile cues can aid learning of new motions and improve accuracy (Bark et al., 2015), potentially 
facilitating mastery of calligraphic strokes.

     Finally, tactile feedback through transcutaneous nerve stimulation distinguishes objects by shape and surface structure (Vargas et 
al., 2020), suggesting tactile input can convey detailed textural and topological information. In calligraphy, this could translate to per-
ceiving paper texture and ink flow. In summary, while direct evidence is limited, existing research on tactile feedback underscores its 
potential benefits for calligraphy through enhanced control, sensory experience, and instrument-paper interaction.

Overview of Challenges in Simulating Tactile Sensations in VR

     Simulating realistic tactile sensations in virtual reality poses multifaceted technological and human perception challenges. Achiev-
ing high precision in tactile feedback is critical for accurately conveying diverse textures, temperatures, and forces. However, research 
indicates difficulty in replicating precise tactile details like surface edge angles (Komura & Ohka, 2019). Effective integration of tactile 
cues with visual and auditory inputs is also vital for enhanced realism and sense of presence. But further efforts are required to opti-
mize these cross-modal interactions (Ryu & Kim, 2004).

   Another major challenge is developing comfortable wearable devices that provide dynamic tactile feedback without restricting 
user movement. Innovative prototypes like the “Waving Blanket” demonstrate promising solutions but also highlight persistent com-
plexities in tactile hardware design (Han et al., 2022). Additionally, replicating non-mechanical sensations like temperature changes 
represents an emerging challenge. Novel devices like stretchable cooling/heating skins showcase progress but substantial technical 
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obstacles remain (Lee et al., 2020).

     Furthermore, understanding cognitive processing of tactile stimuli in VR is critical for creating convincing sensations. Studies indi-
cate perceptual mismatches can occur between visual and tactile cues, necessitating deeper investigation (Rosa et al., 2015). Finally, 
user testing is essential for refining tactile feedback systems and algorithms toward more naturalistic sensations.

    In summary, major challenges span technological limitations in tactile precision and hardware as well as multisensory integration 
intricacies and gaps in knowledge of human tactile perception. Advancing haptic tech, optimizing cross-modal systems, and expanding 
research into sensory processing will be key to unlocking highly immersive and lifelike tactile experiences in virtual environments.

Current Technologies for Tactile Feedback in VR 
Haptic Technology Overview

     Haptic technology focuses on simulating the sense of touch through vibrations, motions, or forces applied to users. This allows for 
tactile feedback that creates more immersive and intuitive interactions with digital environments. Haptics can be delivered through 
various interfaces like gloves and controllers, enabling users to feel textures, objects, and forces in virtual settings.

     At its core, haptic technology aims to stimulate skin mechanoreceptors, going beyond visual and auditory cues to create more em-
bodied virtual experiences. Recent research has produced electrotactile and vibrotactile devices that provide spatial and temporal 
tactile sensations across the body through thin, lightweight platforms (Jung, Kim, & Rogers, 2020). Haptics has also been applied to 
enhance immersion in geographic information systems and provide navigational assistance through tactile route feedback (Jacob et 
al., 2010).

    Another major focus is integrating haptic technology with audiovisual systems to add tactile dimensions to multimedia. This hap-
tic-audiovisual (HAV) approach shows promise but also presents new creative and technical challenges (Danieau et al., 2013). Addi-
tionally, haptics has made breakthroughs in medical and dental applications, enabling precise robotic touch for training and interven-
tions (Kapoor et al., 2014).

     However, significant challenges remain in accurately simulating tactile sensations and integrating haptics with other sensory modal-
ities. Advancing realism, applicability, and multisensory integration represent key goals for future haptic research across diverse fields. 
As the technology progresses, haptics holds transformative potential for human-computer interaction by making virtual experiences 
more lifelike, intuitive, and immersive.

Specific Applications in Art and Education

    Early educational applications of haptic technology focused on enhancing traditional teaching approaches. Pantelios et al. (2004) 
found haptic devices enabled students to virtually touch and feel scientific phenomena, deepening their understanding of concepts 
like Newtonian laws. Haptic drawing was also proposed as a way to promote creativity and neurocognitive development, especially for 
students with visual impairments, facilitating their participation in artistic activities (Kirby & D’Angiulli, 2011).

    Subsequent applications leveraged haptics and virtual reality (VR) in the arts and entertainment. Danieau et al. (2013) discussed 
integrating haptic feedback with audiovisual systems to create haptic-audiovisual (HAV) content, allowing incorporation of tactile ele-
ments into creative works and providing enriched sensory experiences. Haptic cinematography was also introduced to leverage tactile 
effects for more immersive cinematic experiences (Danieau et al., 2014).

    In the mid-2010s, new applications emerged in making STEM education more accessible. Jones et al. (2006) used haptics to help 
visually impaired students explore microscale biological structures by touch. Around the same time, Minogue et al. (2006) showed 
haptic augmentation benefits biology instruction by simulating touch for middle school students.
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    Recent advancements have focused on enhancing realism and interactivity of VR through improved tactile feedback technologies. 
Guruswamy et al. (2011) developed digital filters to mimic haptic vibration textures in order to represent object properties in VR. Elec-
tro-tactile systems were presented as inexpensive methods to provide tactile feedback for interactive art and education applications 
(Pamungkas & Ward, 2016). Mixed reality approaches also aimed to increase perceived haptic realism, useful for surgical training 
simulators (Moody et al., 2009).

     Most recently, Ma and Yu (2022) found VR clothing exhibits greatly enhanced engagement and appreciation compared to traditional 
museum displays. Additionally, Bilal et al. (2020) created a metasurface capable of producing complex tactile patterns to mimic nu-
anced real-world haptic sensations in VR. Flexible haptic interfaces were also developed to provide dynamic tactile feedback across a 
wide frequency range (Jung et al., 2020).

     In summary, haptic and VR technologies continue advancing, transforming art, entertainment, and education by simulating increas-
ingly realistic tactile properties through novel multisensory and interactive environments. The chronological development illustrates 
steady progress toward more immersive, inclusive, and embodied virtual experiences.

Strategies for Simulating Calligraphy Tools in VR 
Brush Dynamics Simulation 
Simulating Brush Pressure and Angle

    Research on simulating calligraphy brush dynamics in virtual reality (VR) is limited. However, insights can be drawn from VR ap-
plications in educational and training contexts that showcase techniques for replicating physical interactions. Nishino et al. (2011) 
incorporated devices like the PHANTOM to convey the instructor’s brush strokes and pressure in VR calligraphy training. This tactile 
dimension enabled practice of fine motor skills to master styles. Similarly, Nishino et al. (2010) developed real-time 3D brush models 
visualizing handwritten characters without compromising quality. These models allowed intuitive grasping of techniques through 
experiencing diverse brush dynamics like pressure and angle.

    Research on interactive molecular dynamics simulations in VR also provides analogous insights. Seritan et al. (2021) showcased VR’s 
capacity to render complex physical interactions between multiple elements in an intuitive manner. This could inform modeling nu-
anced brush-ink-paper dynamics. VR haptics for surgical training further demonstrate potential for simulating precise tactile feedback 
(Rangarajan et al., 2020). This technology could replicate calligraphy’s tactile nuances.

     More distantly relevant are VR training applications indicating immersive skill development potential. Mystakidis et al. (2022) de-
veloped an engaging VR fire safety preparation game requiring precise technique. This highlights adaptable VR training capabilities. 
Additionally, Wang et al. (2021) applied VR in engineering education for complex physics, suggesting utility for modeling calligraphy 
brushes.

    In summary, the most proximate work involves VR systems leveraging haptics and physics simulations to recreate calligraphy ex-
periences. But related training and education applications also showcase VR’s expanding potential for immersive tactile modeling of 
intricate skills. Building on these foundations could advance calligraphy brush dynamics simulations.

Feedback Mechanisms for Stroke Width and Ink Flow

    Recent advancements in virtual reality (VR) technology have introduced innovative feedback mechanisms to simulate tactile sen-
sations like stroke width and ink flow, enhancing the immersive experience in applications ranging from art to education. Although 
specific studies directly simulating calligraphy tools in VR focusing on feedback mechanisms for stroke width and ink flow from the 
past three years are not highlighted, several relevant technologies and methodologies can be inferred to have potential applications in 
simulating calligraphy.
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     One such technology is a multimodal sensing and feedback glove using liquid metal for thermal and tactile sensation generation in 
VR. This technology could potentially simulate the tactile feedback of brush strokes and ink flow on paper by providing vibro-haptic 
feedback to the user’s hand (Oh et al.,2020).

   Another relevant finding is that disproportionate positive feedback can enhance the sense of agency and performance in tasks, 
including those requiring precise motor control, such as calligraphy. This finding highlights the importance of feedback design in VR 
applications for skill training (Nataraj et al.,2020).

    In addition, a review on the role of gamification and sensory feedback in VR-based stroke rehabilitation emphasizes the dominant 
use of visual feedback compared to auditory and haptics. Incorporating various sensory feedback mechanisms, including those simu-
lating tactile sensations, could enhance motivation and engagement in VR calligraphy training (Zuki et al.,2022).

     Finally, the development and testing of a portable VR system for mirror visual feedback with behavioral measures monitoring show 
potential for simulating complex visual and tactile interactions in VR. Such technology could be adapted to simulate the visual and 
tactile feedback of ink spreading on paper as the brush moves (Rey et al.,2022).

     These studies indicate a growing interest in creating immersive and interactive VR experiences through advanced feedback mech-
anisms, which could be leveraged to simulate the nuanced sensations of calligraphy, including the feedback on stroke width and ink 
flow, to provide a realistic and enriching learning environment.

Surface Texture Replication 
Simulating Paper Textures

    Recent research investigated how different levels of texture fidelity affect spatial perception in VR (Lucaci et al., 2022). Implementing 
high-fidelity textures versus simpler “paper model” textures can influence how users perceive space and detail in VR environments. 
High texture fidelity was found to improve precision in spatial tasks, suggesting simulating realistic paper textures could enhance 
perceiving writing or drawing on virtual paper.

     Other studies utilized texture mapping technology to create realistic VR urban scenes (Zhao et al., 2020). The same principles could 
apply to paper textures by mapping high-resolution paper images onto VR surfaces, allowing users to experience diverse paper tex-
tures.

   Additional research demonstrated physics-based simulations replicating material interactions in cutting dynamics (Patel et al., 
2021). Similar methods could simulate brush-paper interactions, providing realistic feedback based on paper texture changes. 

     These studies indicate simulating realistic VR paper textures can enhance spatial perception and interaction feedback through tech-
niques like high-fidelity mapping and physics-based modeling. This could significantly improve VR applications in areas like virtual 
calligraphy by closely mimicking different paper surfaces.

Interaction Feedback for Different Materials

   Recent research underscores the importance of multimodal feedback systems, integrating haptic, visual, and auditory cues, to en-
hance realism when interacting with different materials in VR (Zheng et al., 2023; Acevedo et al., 2022). Studies show combined tactile, 
visual, and auditory feedback leads to greater cognitive activation and motor control compared to single modalities alone. While hap-
tics alone may not always improve performance, they contribute to more embodied concept learning and aid in simulating material 
properties.

    Additionally, sophisticated haptic feedback mechanisms enabled by active materials can address challenges in VR by replicating nu-
anced tactile sensations associated with different virtual materials (Yang et al., 2021). Beyond haptics, wearable systems that provide 
physical sensations of collisions and contacts further augment realism of navigating and manipulating virtual objects (Berton et al., 
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2020).

     In summary, recent research on interaction feedback highlights the need for multisensory VR systems that integrate tactile, visual, 
and auditory cues. Rather than haptics alone, sophisticated combinations of modalities are required to accurately simulate the com-
plex tactile, visual, and auditory signatures of interacting with diverse materials. As VR technology evolves, these multimodal feedback 
systems will be critical for enhancing immersion, embodiment, and experiential accuracy.

Mathematical Modeling of Calligraphy Styles

    To construct a comprehensive mathematical model considering calligraphy techniques, paper quality, and pen characteristics, we 
need to abstract each factor into quantifiable parameters and design a function to simulate the generation of calligraphy works. Here 
is a simplified model for generating works similar to Chinese calligraphy:

Calligraphy technique parameters

    According to the “eight principles of the yong(永) character,” we can define a set of parameters to describe the characteristics of each 
calligraphy technique:

1. 侧 cè (dot): The roundness and pressure of the dot.
2. 勒 lè (horizontal): The stability and width variation of the horizontal stroke.
3. 努 nǔ (vertical): The verticality and force distribution of the vertical stroke.
4. 趯 tì (hook): The sharpness and curvature of the hook.
5. 策 cè (dot): The lightness and direction of the dot.
6. 掠 lüè (horizontal stroke): The smoothness and arc of the horizontal stroke.
7. 啄 zhuó (short horizontal stroke): The decisiveness and inclination angle of the short horizontal stroke.
8. 磔 zhé (vertical stroke): The extension and wave effect of the vertical stroke.

Paper parameters

    The type and texture of paper can also affect the style of calligraphy works. For example:

1. Raw rice paper, cooked rice paper, and semi-raw-cooked rice paper: Absorbency and texture thickness of the paper.
2. Paper texture: Distribution and color depth of the texture.

Pen parameters

     The material and specification of the pen can also affect the writing effect. For example:

1. Wolf hair, sheep hair, and mixed hair: The softness and elasticity of the pen tip.
2. Large, medium, and small pens: The size of the pen tip and the scope of writing.

     By integrating these parameters, we can construct a function to simulate the generation of calligraphy works. Integrating five callig-
raphy styles including regular script, running script, official script, seal script, and cursive script, a set of formulas can be designed to 
simulate the relationship between calligraphy stroke, paper texture, and calligraphy technique, considering the unique characteristics 
of each style.

Mathematical models

     Here is a highly abstract mathematical model that attempts to extract the commonalities of different styles to facilitate the construc-
tion of a unified framework.
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     Let F be the final calligraphy stroke image, which is jointly determined by stroke characteristics p, paper texture parameters t, and 
calligraphy technique parameters c:

F = G(p, t, c)

     Where G is a composition function that combines stroke characteristics p, paper texture t, and calligraphy technique c.

1. Stroke characteristics p can include stroke width w, color col, transparency α, and the shape of the starting and ending points 
shape:

p = (w, col, α, α, s e)

2. Paper texture parameters t can include texture frequency f, amplitude a, and possible random seed s:

t = (f, a, s)

3. Calligraphy technique parameters c can include stroke acceleration a, velocity v, pressure p, and style-specific parameters styleP-
arams, such as the angle and length of the wave (official script), the degree of connecting strokes (running script), the roundness 
of curves (seal script), and the continuity of strokes (cursive script) etc.:

c = (a, v, p, styleParams)

     The composition function G combines these characteristics to generate the final calligraphy stroke image. The specific form of this 
function depends on how you define the composition of these features, for example, you can superimpose paper texture and stroke 
characteristics and then adjust the stroke path according to calligraphy technique parameters.

4. The stroke characteristics function P can be represented as:

P(p) = fw(w) . fcol(col) . fα(α) fshape(shape)

5. The paper texture function T can be represented as:

T (t) = Noise (f, s) . a

6. The calligraphy technique function C can be represented as:

C(c) = fa(a) . fv(v) . fstyleParams(styleParams)

Combining VR Tactile Devices with Calligraphy Stroke Models

     To simulate calligraphy strokes using haptic VR devices, we need to combine the output of the VR devices with the mathematical 
model of calligraphy techniques. These devices typically provide force feedback to simulate realistic tactile experiences, such as the 
pressure and friction of the brush tip on paper. Here is a simplified framework for integrating haptic VR devices with calligraphy stroke 
models:

1. VR device data acquisition: First, we need to acquire data related to brush strokes from the VR device. This data may include 
real-time position, speed, acceleration, and pressure of the brush tip.

2. Calligraphy stroke model: We already have a calligraphy stroke model that generates stroke paths and characteristics based on 
input parameters.

3. Haptic mapping: Map the data from the VR device to the calligraphy stroke model. For example, pressure data provided by the 
VR device can be used to adjust the pressure parameters of the stroke, and the position of the brush tip can be used to update 
the stroke path.
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4. Real-time feedback: The data generated by the calligraphy stroke model (such as stroke path and pressure) can be fed back to the 
VR device to adjust the tactile feedback of the brush tip. For example, when the brush tip encounters resistance, the VR device 
can provide corresponding resistance sensations.

5. User interaction: Users can write using the VR device, and their actions and brush strokes will be reflected in the virtual environ-
ment in real-time. Meanwhile, the VR device will provide corresponding tactile feedback based on the calligraphy stroke model.

6. Software implementation: The entire system requires a software platform to integrate VR device data, calligraphy stroke models, 
haptic mapping, and user interaction.

     Here is a simplified mathematical formula describing how to combine VR device data with calligraphy stroke models:

F (p, t, b, cVRData) = G(P(p),T(t), B(b), C(c),VRData)

     Where VRData contains real-time data provided by the VR device, such as brush tip position, speed, acceleration, and pressure.

Case Studies: VR Calligraphy Applications

Examples of Successful Implementations

•	 Haptic Feedback Technology: The VR Calligraphy Park incorporates advanced haptic feedback devices designed to replicate the 
nuanced sensations of traditional calligraphy, including the pressure sensitivity and texture of brushes and paper. This technol-
ogy enables users to experience a realistic calligraphy drawing sensation, enhancing the learning and practicing experience by 
mimicking the physical feedback of real-world tools.

Cultural  
Setting

Origin Cultural Significance

Ancient Egypt One of the world’s earliest civilizations, 
emerging around 3100 BCE.

Known for its monumental architecture, hiero-
glyphic writing, and contributions to various fields.

Medieval 
Europe

Spans from the 5th to the late 15th century, 
marked by the fall of the Western Roman 
Empire.

Known for its castles, knights, cathedrals, and the 
creation of illuminated manuscripts.

Chinese Callig-
raphy

An ancient art form with a history spanning 
thousands of years, deeply rooted in Chinese 
culture.

Considered one of the highest forms of Chinese art, 
embodying the spirit of Taoism and Zen Buddhism.

Renaissance 
Italy

A fervent period of cultural, artistic, political, 
and economic ‘rebirth’ following the Middle 
Ages.

Celebrated for its advancements in art, architec-
ture, science, and literature, producing renowned 
figures.

Table 1: Conceptual Table Structure for Cultural Settings Summaries.

     The chart includes a range of haptic feedback devices, each assigned specific values to demonstrate their capabilities in simulating 
pressure sensitivity and texture. Different markers represent the primary focus of each device, such as education, gaming, or profes-
sional use, with their size proportional to the device’s cost. This comparison helps illustrate the diversity in haptic technology and how 
it measures up to the tactile range of real calligraphy tools, as indicated by the shaded area.

•	 VR Environment Design: The application features immersive 3D environments meticulously crafted to resemble traditional callig-
raphy studios. These virtual spaces are populated with historical artifacts and culturally significant motifs, offering users not only 
a place to practice calligraphy but also to immerse themselves in the rich history and aesthetic of the art form.
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Figure 1: Comparing haptic feedback technology with real calligraphy tool.

     The table outlines each cultural setting’s origin and significance, providing a concise yet comprehensive overview suitable for edu-
cational materials, presentations, or further research into the historical and cultural contexts of calligraphy and art.

Figure 2: Comparing VR calligraphy stud.
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     The chart visualizes the comparison of VR calligraphy studios based on their historical or cultural focus and the level of environmen-
tal detail and immersion they offer. Each studio is represented by a unique color and shape, with the size of each marker indicating the 
studio’s popularity. This visualization aids in understanding the diversity among the studios, highlighting their strengths in cultural 
immersion and the richness of the virtual environments they create.

•	 Software and User Interface: The software development process emphasized creating a user-friendly interface that facilitates 
intuitive navigation and interaction within the VR space. Efforts were made to ensure that users could easily access and utilize 
the various features of the application, from selecting tools to engaging with educational content.

•	 Learning Modules: The application structures its educational content into modules focusing on stroke practice, character for-
mation, and historical context lessons. These modules are designed to cater to learners at different levels, offering a progressive 
learning path from basic strokes to complex compositions, all embedded within a cultural and historical framework.

•	 Performance Tracking and Feedback: A sophisticated tracking system monitors user progress, providing real-time feedback and 
corrective suggestions. This feature is crucial for facilitating skill improvement, allowing users to identify and correct their mis-
takes promptly, thereby enhancing the overall learning outcome.

•	 Customization Options: Users can personalize their learning experience by selecting from a variety of brush types, ink colors, 
and paper textures. This level of customization not only enriches the user experience but also allows for a more comprehensive 
exploration of calligraphy’s artistic aspects.

•	 Designing Graphic Displays: Visual Representations: The application employs graphic design principles to craft visual elements 
such as menus, tutorials, and feedback systems. These elements are designed to be visually appealing and informative, aiding 
users in navigating the application and understanding its features.

•	 Interaction Flow Diagrams: Diagrams are developed to map out the user interaction flow within the application, highlighting 
key features and pathways. These diagrams serve as a guide for both users and developers, illustrating how to engage with the 
application effectively.

Flowchart Strokes to Compositions (Chinese CalligraphyRegular Script)
Start

Assess Skill Level Beginner, Intermediate, Advanced.

(Choose your path to begin the tailored learning journey)
Beginner Path Intermediate Path Advanced Path

Module 1 Foundation in 
Calligraphy

Module 2 Character 
Fundamentals

Module 3 Expand-
ing Character 
Repertoire

Module 4 Practical 
Applications

Module 5 Artistic Expres-
sion and Mastery

Introduction to the 
history and philoso-
phy behind regular 
script, emphasizing its 
development during the 
Tang dynasty and its 
philosophical underpin-
nings in Confucianism 
and Taoism.

Structural analysis of 
characters in regular 
script, focusing on 
balance, proportion, 
and spatial arrange-
ment.

In-depth study of 
character families 
and their variations, 
including the his-
torical evolution of 
character forms.

Application of regular 
script in contempo-
rary contexts, such 
as greeting cards, 
signage, and digital 
formats.

Advanced compositional 
techniques, exploring the 
integration of calligraphy 
with other art forms 
such as painting and seal 
carving.
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Basics of calligraphy 
tools (brush, ink, paper, 
and inkstone), includ-
ing historical evolution 
and proper mainte-
nance.

Practice with basic 
radicals and simple 
characters, gradually 
introducing more 
complex structures.

Techniques for 
creating rhythm 
and flow within 
compositions, 
learning to balance 
whitespace and 
textual elements.

Techniques for 
writing on different 
materials, including 
wood, stone, and 
fabric, with a focus on 
adapting strokes to 
medium constraints.

Study of the philosophical 
and aesthetic concepts 
that guide artistic choices 
in calligraphy, encourag-
ing a deeper connection 
to the art.

Fundamental strokes 
practice, incorporating 
the concept of “Eight 
Principles of Yong,” 
which are the core 
strokes found in the 
character 永 (yǒng), 
serving as the foun-
dation for many other 
characters.

Interactive feedback 
system allowing 
learners to submit 
their work for cri-
tique, with exam-
ples of common 
mistakes and how to 
correct them.

Analysis of classic 
works from 
renowned calligra-
phers, understand-
ing their techniques 
and adaptations.

Creation of personal 
projects, encouraging 
artistic expression 
and individual style 
development.

Preparation for public 
exhibition, including the 
creation of a portfolio 
and understanding the 
logistics of displaying 
calligraphy.

Detailed video tutorials 
on brush handling and 
posture, emphasizing 
wrist, arm, and shoul-
der movements.

Additional Features Across All Levels
Historical Insights Each module includes 
historical context, highlighting the evolution 
of regular script and its significance through 
different dynasties, especially focusing on its 
refinement during the Tang dynasty.

Cultural Significance Discussions on how 
calligraphy is interwoven with Chinese cul-
ture, including its use in traditional ceremo-
nies, literature, and as a form of meditation.

Master Classes Special 
sessions with experts 
offering insights into their 
creative process, challeng-
es, and how they interpret 
traditional techniques in 
modern calligraphy.

Table 2: Flowchart Strokes to Compositions (Chinese CalligraphyRegular Script).

Figure 3: Flowchart Strokes to Compositions (Chinese CalligraphyRegular Script).
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     Haptic Device Representations: Detailed visual representations of the haptic devices are created, possibly using 3D modeling soft-
ware, to showcase how these tools simulate traditional calligraphy instruments. These visuals help users understand the technological 
underpinnings of the haptic feedback system and its role in the learning experience.

User Experience and Learning Outcomes 
Product Background

    The VR Calligraphy Paradise product aims to provide an immersive and interactive environment for learning Chinese calligraphy 
through virtual reality technology. It allows users to practice writing characters and seals using simulated brushes, ink, and paper 
within a 3D virtual setting.

     The product features two main modes Free Experience and Step-by-Step Learning. In Free Experience mode, users can freely exper-
iment with writing characters using a selection of brushes. The Step-by-Step Learning mode provides guided practice starting from 
basic strokes to complex characters through video demonstrations and AI-enabled feedback.

    Users can customize their experience by choosing from different scenes, brush colors, paper textures, and writing surfaces. The 
product captures the written strokes and seals, allowing users to save their work. Audio feedback enhances realism through sounds 
of brushing and stamping.

   The interactive VR interface aims to make calligraphy practice more engaging and accessible compared to traditional methods. 
By simulating the real-world tactile experience in a virtual setting, the product aims to lower the barrier to learning calligraphy for 
non-experts. It facilitates self-paced learning and creativity.

     The VR Calligraphy Paradise demonstrates how emerging extended reality technologies can be applied to enrich cultural education. 
It points to future opportunities for leveraging virtual environments and AI to preserve traditional art forms. While still an early stage 
prototype, the product’s immersive user experience reveals promising possibilities for technology-enhanced calligraphy instruction.

Effectiveness in Skill Acquisition

    The study found that the metaverse intelligent education technology led to noticeable improvements in learners’ ability to write Chi-
nese characters and practice calligraphy. The immersive virtual environment allowed learners to get hands-on practice with writing 
strokes and characters through simulated brushes, ink, and paper. The real-time feedback on stroke technique, structure, and compo-
sition enabled self-paced mastery of core skills.

     As evidenced by the experiments, factors like age, prior experience, and practice duration influenced skill acquisition aligning with 
theories of motor learning and skill development. For example, Experiment 1 showed that more years of prior calligraphy learning 
experience correlated with faster stroke execution speeds in the metaverse environment. This suggests that previous technique com-
prehension transferred to the virtual setting.

     Additionally, Experiment 2 demonstrated that older learners tended to have slower stroke speeds, while greater understanding of 
stroke methods and more practice time were associated with increased speeds. These findings validate key tenets of skill acquisition 
like the impacts of age on motor control and the role of deliberate practice.

    However, technical limitations of the platforms prevented completely natural experiences. The virtual brush and ink parameters 
could not fully replicate the nuanced organic movements of traditional calligraphy. This constrained the skill development to some de-
gree. Overall, the metaverse technology showed promise in developing writing and calligraphy skills, warranting further refinement.

Immersion and Realism

     The qualitative interviews and surveys revealed that learners found the metaverse experiences highly immersive and engaging. The 
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ability to actively practice calligraphy strokes in a simulated setting made the learning process interactive and life-like. The visual real-
ism and use of VR/AR technologies transported users into the experience, rather than passively reading or watching demonstrations.

     This sense of presence contributed to higher motivation and interest levels compared to traditional teaching methods. For example, 
the experimental group in Experiment 3 showed significantly increased motivation based on quantitative pre-post surveys. Qualitative 
themes also highlighted the “immersive experience” as a major advantage. This aligns with literature on how immersive technologies 
can enhance learner investment and enjoyment.

     Nonetheless, technical challenges like latency and controller constraints periodically disrupted immersion. The word cloud showed 
“technical difficulties” as a common challenge, detracting from engagement at times. Addressing issues like optimizing rendering 
speeds and improving haptic controllers could further enhance the sense of realism.

     In summary, despite some technology limitations, the immersive quality of metaverse platforms resulted in captivating educational 
experiences that stimulated learner investment based on measured motivation metrics and interview feedback.

Challenges and Limitations 
Limitations of Current Haptic Feedback Technology

    Recent research over the past two years has revealed innovative approaches to addressing limitations in current haptic feedback 
technology for virtual environments. These developments aim to enhance immersion and realism through advanced haptic feedback 
methods.

     Notable examples include the use of neuromuscular electrical stimulation to recreate realistic force feedback sensations (Galofaro et 
al., 2022). Other studies have explored how visual stimuli affect haptic perception, which could inform balancing simulated textures in 
virtual reality (Günther et al., 2022). Flexible printed electronics enabled thin haptic devices with vibration, sound, and color capabil-
ities (Schmidt et al., 2022). Novel hardware prototypes simulated weight and center of gravity shifts to increase VR controller realism 
(Wang et al., 2022). Multimodal haptic wristbands provided tactile and squeeze feedback to enrich interactions (Pezent et al., 2022).

     These recent advancements represent promising steps toward overcoming limitations in current haptic feedback systems used in 
virtual environments. The innovations leverage approaches ranging from neurostimulation to novel material fabrication to deliver 
more immersive and comfortable experiences. As these technologies continue maturing, they are poised to meaningfully enhance 
applications spanning gaming, simulation, education, and beyond. While challenges remain, the progress made indicates growing 
momentum for improved haptic feedback solutions that could enable the next generation of highly realistic and interactive virtual 
experiences.

     Overall, the latest research highlights the expanding possibilities for haptic technologies to deliver nuanced and multisensory sensa-
tions that deepen user engagement and realism in virtual environments. This work contributes key insights into balancing simulated 
textures, contact forces, and ergonomic designs that will inform future virtual reality and augmented reality platforms relying on 
lifelike haptic experiences.

User Accessibility and Adaptation 
Learning Curve for VR Environments

     Here is an academic interpretation of the key points on recent research into VR learning environments:

     Emerging research over the past two years has investigated the learning curve and effectiveness of virtual reality (VR) environments 
across diverse fields ranging from high-risk technical training to medical education. These studies have revealed both benefits and 
limitations in leveraging VR technology to enhance learning outcomes.
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     Notable examples demonstrate VR’s potential to improve training efficiency and safety for tasks requiring visuospatial skills, such 
as training explosive ordnance disposal technicians (Ramic-Brkic et al., 2022) and developing surgical skills in neurosurgery residents 
(Kamboh et al., 2022). The immersive simulations reduced learning curves and offered safe alternatives to hazardous real-world prac-
tice. However, for some domains like acquiring textbook knowledge on fetal development, VR environments did not confer significant 
gains in test scores compared to traditional teaching methods, though they did improve student engagement and confidence (Ryan et 
al., 2023).

    These mixed results align with established education theories - multimedia design principles indicate that VR is better suited for 
experiential learning rather than didactic instruction. Recent studies also highlight the utility of AI-derived performance metrics in 
tracking skill acquisition across repeated VR tasks (Ledwos et al., 2022).

    In summary, research on VR learning has demonstrated its strengths for delivering realistic simulations that accelerate exper-
tise gain for hands-on skills, while also revealing its limitations as a replacement for foundational instruction. The technology holds 
promise for training in fields ranging from medical surgery to manufacturing, but requires careful integration with curriculum design 
and learning objectives. As VR platforms mature, insights from learning science studies can guide evidence-based implementations 
optimized for transferable skills development rather than passive information consumption. While not a panacea, VR’s immersive 
capabilities warrant further exploration to expand its applications in education and training.

Accessibility for Broader User Demographics

     Emerging research over the past two years has increasingly focused on enhancing virtual reality (VR) accessibility, enjoyment, and 
safety for diverse users through personalization, inclusive design principles, and mitigation of adverse effects. 

     Studies have shown personalized VR experiences significantly improved engagement and relaxation compared to generic environ-
ments (Pardini et al., 2022). Others emphasized incorporating inclusive design and evaluating VR tools with users of varying abilities 
to promote accessibility (Ferreira-Brito et al., 2022). Frameworks were proposed to quantify “immersion attacks” inducing cyber-
sickness, aiming to ensure user safety in social VR learning (Valluripally et al., 2022). Personalized VR rehabilitation tools catered to 
individuals with disabilities, highlighting VR’s potential as an empowering assistive technology (Lagos Rodríguez et al., 2022).

     These developments represent promising strides toward democratizing VR across the broadest possible spectrum of users. Re-
searchers are leveraging personalization, inclusive principles, and security enhancements to transform VR into a platform that can 
enhance lives regardless of ability or background. However, significant work remains regarding customizable interfaces, multi-sensory 
accommodations, simulated social cues, and mitigating physical/cognitive strain.

     As VR advances, insights from human-computer interaction, psychology, and neuroscience research should continue guiding evi-
dence-based practices that balance immersion with health, safety, and accessibility for all. With thoughtful implementation, VR can 
become an empowering and liberating technology rather than an exclusive space. The latest innovations laying this groundwork sig-
nify growing recognition of VR’s potential to equitably enrich human experiences and capabilities when designed conscientiously.

Future Directions in Tactile Feedback Technology 
Emerging Technologies and Innovations

     Recent research from 2023 has revealed significant progress in tactile feedback systems across robotics, prosthetics, and hu-
man-computer interaction domains. These advancements aim to enable more naturalistic touch interactions with machines and envi-
ronments by drawing inspiration from human somatosensation capabilities.

     Notable examples include transfer learning models that improve robotic material recognition through adaptive training on diverse 
tactile data (Yang et al., 2023). Novel compact, high-resolution soft sensors mimic human fingertip biomechanics for dexterous robotic 
manipulation (Zheng et al., 2023). Reviews summarize electromechanical actuator technologies for realizing advanced haptic feed-
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back with refined control (Chen et al., 2023). Brain-computer interface research achieved graded somatosensory perception in pros-
thetic hands using intracortical microstimulation (Greenspon et al., 2023). Experiments evaluated augmented feedback for training 
people to reduce back injury risk despite muscle fatigue (Larson & Brown, 2023).

    These innovations represent cross-disciplinary efforts to replicate, augment, and leverage human tactile perception for seamless 
interactions between biological and artificial systems. The work integrates insights from neuroscience, material science, mechanical 
engineering, and computing to push the boundaries of feedback fidelity, miniaturization, and functionality. As tactile technologies 
mature, they promise to transform how humans collaborate with machines, experience virtual environments, and restore lost sensory 
capabilities. However, significant challenges remain in biocompatibility, defect tolerance, and energy efficiency.

     Overall, the field’s rapid progress expands possibilities for more intuitive and symbiotic relationships between humans and artifi-
cial touch-enabled systems. Advancing tactile feedback technologies to approach naturalistic cutaneous sensations could profoundly 
impact human augmentation, rehabilitation, robotics, and beyond. But holistic solutions demand synergistic expertise across scientific 
domains to balance engineering feats with human-centered design and functionality.

Potential Improvements for VR Calligraphy Training 
Enhanced Haptic Gloves and Wearables

     Emerging haptic glove technologies over the past two years show promising developments for enriching virtual reality (VR) callig-
raphy training through more realistic sensory feedback and dexterous control.

     Innovations in soft robotics enable accurate finger tracking and programmable force feedback for simulating brush handling dynam-
ics (Li et al., 2023). Vibrotactile gloves provide guidance cues to complement visual information, helpful for conveying proper stroke 
techniques (Ilhan & Ali, 2023). Exoskeleton designs replicate compliant object grasping and tool stiffness sensations (Michikawa et 
al., 2023). Reviews summarize implementations for conveying material textures and properties (van Wegen et al., 2023). Flexible 
skin-mounted actuators produce nuanced vibrations for simulating brush-paper interactions (Liu et al., 2023).

     These advancements offer significant potential to enhance VR calligraphy training realism, enjoyment, and learning outcomes. The 
solutions creatively leverage haptic science principles and emerging technologies to approximate the complex tactile experiences of 
traditional calligraphy. However, fully replicating these sensations digitally remains challenging. Tradeoffs exist between realistic feed-
back, user fatigue, training efficacy, and hardware practicality.

   As immersive calligraphy applications proliferate, insights from human movement sciences, perception research, and hardware 
engineering will be essential to balance compromises effectively. With thoughtful implementation, haptic-enhanced VR calligraphy 
training could make practicing this unique traditional artform more engaging, personalized, and accessible globally. But designing 
universal solutions requires convergent expertise and considerations of cost, ergonomics, fidelity, and learning transfer. If these chal-
lenges are addressed responsibly, the field’s rapid innovations promise to bring richer human-computer tactile interactions to digital 
arts education and preservation.

Integration of AI for Adaptive Feedback

     While dedicated research on AI-powered feedback in VR calligraphy training is limited, inspiration sparks from neighboring fields. 
Studies utilizing AI for personalized learning within VR environments offer valuable insights.

     Imagine VR calligraphy lessons tailored to your needs. AI analyzes your stroke precision, pressure, and even neural responses, dy-
namically adjusting exercises and offering real-time feedback. Research in motor rehabilitation (Zheng et al., 2023) demonstrates AI’s 
ability to optimize VR training based on brain activity. Similarly, VR calligraphy could adapt difficulty and pace based on your neural 
engagement, maximizing learning.
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    Beyond motor skills, AI can enhance the pedagogical value of VR. Studies like Geisen et al. (2023) show how AI tailors training 
scenarios in sports education based on individual progress. Applying this concept to VR calligraphy, imagine personalized learning 
pathways crafted to address your specific strengths and weaknesses, accelerating your journey to mastery.

     But it goes beyond skill acquisition. Marchesotti et al. (2023) explored the neural basis of visuo-motor integration, crucial in callig-
raphy. By analyzing your physiological data, AI in VR calligraphy could adjust brush dynamics and visual cues in real-time, potentially 
enhancing how your brain integrates visual information with motor control, leading to finer strokes and greater precision.

     Furthermore, Cheung et al. (2023) highlight the potential of AI-personalized learning in medical training. In VR calligraphy, AI could 
analyze your performance data, providing targeted feedback and adapting exercises to focus on your specific areas for improvement. 
This personalized approach not only promotes deeper engagement but also accelerates progress.

     While these studies pave the way, ethical considerations around data privacy and algorithmic bias need careful attention. Future re-
search should delve deeper into designing and implementing AI-driven feedback mechanisms within VR calligraphy, considering user 
interface, feedback modalities, and performance assessment. Ultimately, controlled studies are necessary to evaluate the long-term 
effectiveness and user acceptance of this innovative approach.

     By marrying AI and VR technology, we can unlock a future of personalized learning experiences in VR calligraphy, fostering explo-
ration and skill development for aspiring artists worldwide.

Conclusion 
Summary of VR’s Role in Overcoming Tactile Feedback Challenges

     Virtual Reality (VR) technology significantly enhances the learning experience in calligraphy training by simulating tactile feedback, 
a critical aspect traditionally missing in digital education. Through the implementation of VR Calligraphy Paradise, learners can in-
teract with a variety of virtual brushes, inks, and paper types, allowing for a comprehensive and immersive learning experience. This 
innovation enables users to adjust settings such as brush size, ink flow, and paper texture, closely mimicking the tactile sensations of 
real-world calligraphy.

     Despite these advancements, challenges remain in fully replicating the precise feel of brush-on-paper interactions and the nuanced 
pressure sensitivity required for mastering calligraphy strokes. Current VR technology provides a foundational level of haptic feedback 
but still falls short of conveying the full spectrum of tactile sensations experienced in traditional calligraphy. The ongoing development 
in haptic technology and VR capabilities is crucial for bridging this gap, highlighting the need for continued innovation to enhance the 
realism of virtual calligraphy training.

     The potential for future advancements in VR technology to overcome these challenges is significant. With continuous improvements 
in haptic feedback mechanisms, VR can offer even more realistic simulations of calligraphy techniques. Innovations may include more 
sophisticated tactile sensations, such as varying brush resistance and texture feedback, allowing for an educational experience that 
rivals, and in some aspects, surpasses traditional methods. These developments promise to further diminish the limitations of VR in 
delivering a fully immersive and tactilely rich calligraphy learning environment.

The Future of Calligraphy Education with VR Technology

     The application of VR technology in calligraphy education opens new avenues for making this art form more accessible and engaging 
to a wider audience. The VR Calligraphy Paradise project exemplifies how virtual environments can offer personalized and interactive 
learning experiences. Learners can benefit from guided tutorials, immediate feedback, and the ability to practice in a variety of sim-
ulated settings, making calligraphy more approachable for beginners and providing advanced practitioners with tools to refine their 
skills.
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    The integration of VR into calligraphy education not only democratizes access to this traditional art form but also introduces op-
portunities for innovation in teaching methodologies. Future VR applications could include collaborative learning spaces, allowing 
students from around the world to learn together in real-time, and virtual exhibitions where artists can showcase their work. These 
developments could foster a global community of calligraphy enthusiasts, further enriching the educational experience with cultural 
exchange and mutual inspiration.

     As VR technology evolves, its potential to transform calligraphy education continues to grow. Predictions for the future include the 
incorporation of AI to create adaptive learning environments tailored to each student’s progress and the development of even more 
immersive haptic feedback that could simulate the intricate details of calligraphy brushes and inks. This progression towards a more 
integrated and realistic VR learning experience could redefine the boundaries of art education, making calligraphy, and potentially 
other forms of traditional arts, more vibrant and relevant in the digital age.

 Acknowledgements

     This work was supported by the 2023 General Project of Shanghai Educational Science Research C2023262 Theoretical Construc-
tion and Exploratory Application Research of Educational Metauniverse. This study is a part of the 2023 Shanghai Key Curriculum 
Construction project on “Chinese Calligraphy Art”.

References

1. Acevedo P., et al. “Effects of Tactile Feedback on Conceptual Understanding of Electromagnetism in a Virtual Reality Experience”. 
2022 IEEE International Symposium on Mixed and Augmented Reality Adjunct (ISMAR-Adjunct) (2022): 588-593. 

2. Bark K., et al. “Effects of Vibrotactile Feedback on Human Learning of Arm Motions”. IEEE Transactions on Neural Systems and 
Rehabilitation Engineering 23 (2015): 51-63.

3. Berton F., et al. “Crowd Navigation in VR: Exploring Haptic Rendering of Collisions”. IEEE Transactions on Visualization and Com-
puter Graphics 28 (2020): 2589-2601. 

4. Bilal O., et al. “A Flexible Spiraling-Metasurface as a Versatile Haptic Interface”. Advanced Materials Technologies (2020).
5. Cheung V, Tang Y and Chan K. “Medical students’ perception of the application of a virtual reality training model to acquire vag-

inal examination skills”. International journal of gynaecology and obstetrics: the official organ of the International Federation of 
Gynaecology and Obstetrics (2023): 827-832. 

6. Clemente F., et al. “Intraneural sensory feedback restores grip force control and motor coordination while using a prosthetic 
hand”. Journal of Neural Engineering 16.2 (2019). 

7. Danieau F., et al. “Toward Haptic Cinematography: Enhancing Movie Experiences with Camera-Based Haptic Effects”. IEEE Mul-
tiMedia 21 (2014): 11-21. 

8. Danieau F., et al. “Enhancing Audiovisual Experience with Haptic Feedback: A Survey on HAV”. IEEE Transactions on Haptics 6 
(2013): 193-205. 

9. Ferreira-Brito F., et al. “Virtual Reality for Health and Wellbeing”. Proceedings of the 21st International Conference on Mobile and 
Ubiquitous Multimedia (2022). 

10. Galofaro E., et al. “Rendering Immersive Haptic Force Feedback via Neuromuscular Electrical Stimulation”. Sensors (Basel, Swit-
zerland) 22.14 (2022). 

11. Geisen M, Fox A and Klatt S. “VR as an Innovative Learning Tool in Sports Education”. Applied Sciences (2023). 
12. Günther S., et al. “Smooth as Steel Wool: Effects of Visual Stimuli on the Haptic Perception of Roughness in Virtual Reality”. Pro-

ceedings of the 2022 CHI Conference on Human Factors in Computing Systems (2022). 
13. Guruswamy V, Lang J and Lee W. “IIR Filter Models of Haptic Vibration Textures”. IEEE Transactions on Instrumentation and 

Measurement 60 (2011): 93-103. 
14. Han P., et al. “Waving Blanket: Dynamic Liquid Distribution for Multiple Tactile Feedback using Rewirable Piping System”. ACM 

SIGGRAPH 2022 Emerging Technologies (2022). 

https://primerascientific.com/psen
https://pubmed.ncbi.nlm.nih.gov/36637241/
https://pubmed.ncbi.nlm.nih.gov/36637241/
https://pubmed.ncbi.nlm.nih.gov/36637241/
https://pubmed.ncbi.nlm.nih.gov/30736030/
https://pubmed.ncbi.nlm.nih.gov/30736030/
https://pubmed.ncbi.nlm.nih.gov/35890748/
https://pubmed.ncbi.nlm.nih.gov/35890748/


 PriMera Scientific Engineering                                                                                                                                                                   https://primerascientific.com/psen

Unleashing the Tactile Dimension: Exploring VR Technologies for Authentic Calligraphy Training 53

15. Ilhan R and Ali F. “Developing a Guided Tactile Feedback System for Visually Impaired People”. European Journal of Science and 
Technology (2023). 

16. Jones M., et al. “Visualizing Without Vision at the Microscale: Students with Visual Impairments Explore Cells with Touch”. Journal 
of Science Education and Technology 15 (2006): 345-351. 

17. Kamboh U., et al. “Virtual Reality in Neurosurgery- A Neurostimulator – Based Postgraduate Residency Training: A Novel Step 
Towards Skillful Young Neurosurgeons”. Pakistan Journal of Neurological Surgery (2022). 

18. Kirby M and D’Angiulli A. “From Inclusion to Creativity Through Haptic Drawing: Unleashing the “Untouched” in Educational 
Contexts”. The Open Education Journal 4 (2011): 67-79. 

19. Komura H and Ohka M. “Edge angle perception precision of active and passive touches for haptic VR using dot-matrix display”. 
Journal of Advanced Mechanical Design, Systems, and Manufacturing (2019). 

20. Ledwos N., et al. “Assessment of learning curves on a simulated neurosurgical task using metrics selected by artificial intelli-
gence”. Journal of neurosurgery (2022): 1-12. 

21. Lee J., et al. “Stretchable Skin-Like Cooling/Heating Device for Reconstruction of Artificial Thermal Sensation in Virtual Reality”. 
Advanced Functional Materials (2020). 

22. Li F., et al. “Soft Robotic Glove with Sensing and Force Feedback for Rehabilitation in Virtual Reality”. Biomimetics 8.1 (2023). 
23. Liu Y., et al. “Skin-Integrated Haptic Interfaces Enabled by Scalable Mechanical Actuators for Virtual Reality”. IEEE Internet of 

Things Journal 10 (2023): 653-663. 
24. Lucaci A., et al. Influence of Texture Fidelity on Spatial Perception in Virtual Reality (2022): 244-251. 
25. Ma N and Yu D. “Application of Virtual Reality Technology in the Exhibition System of Clothing Museum”. In 2022 10th Interna-

tional Conference on Orange Technology (ICOT). IEEE (2022): 1-4. 
26. Marchesotti S., et al. “Neural signatures of visuo-motor integration during human-robot interactions”. Frontiers in Neurorobotics 

16 (2023). 
27. Michikawa R, Endo T and Matsuno F. “A Multi-DoF Exoskeleton Haptic Device for the Grasping of a Compliant Object Adapting to 

a User’s Motion Using Jamming Transitions”. IEEE Transactions on Robotics 39 (2023): 373-385.
28. Minogue J., et al. “The impact of haptic augmentation on middle school students’ conceptions of the animal cell”. Virtual Reality 

10 (2006): 293-305. 
29. Moody L., et al. “Beyond the visuals: tactile augmentation and sensory enhancement in an arthroscopy simulator”. Virtual Reality 

13 (2009): 59-68. 
30. Mystakidis S., et al. “Design, Development, and Evaluation of a Virtual Reality Serious Game for School Fire Preparedness Train-

ing”. Education Sciences (2022). 
31. Nataraj R., et al. “Disproportionate positive feedback facilitates sense of agency and performance for a reaching movement task 

with a virtual hand”. PLoS ONE 15.5 (2020). 
32. Nishino H., et al. “A Japanese Calligraphy Trainer Based on Skill Acquisition Through Haptization”. 2010 24th IEEE International 

Conference on Advanced Information Networking and Applications (2010): 1225-1232. 
33. Nishino H., et al. “A calligraphy training system based on skill acquisition through haptization”. Journal of Ambient Intelligence 

and Humanized Computing 2 (2011): 271-284. 
34. Oh J., et al. “A Liquid Metal Based Multimodal Sensor and Haptic Feedback Device for Thermal and Tactile Sensation Generation 

in Virtual Reality”. Advanced Functional Materials (2020). 
35. Pamungkas D and Ward K. “Electro-tactile feedback system to enhance virtual reality experience”. International Journal of Com-

puter Theory and Engineering 8 (2016): 465-470. 
36. Pantelios M., et al. “Haptics technology in Educational Applications, a Case Study”. J. Digit. Inf. Manag 2 (2004): 171-178.
37. Pardini S., et al. “The Role of Personalization in the User Experience, Preferences and Engagement with Virtual Reality Environ-

ments for Relaxation”. International Journal of Environmental Research and Public Health 19.12 (2022). 
38. Patel K, Jarosz K and Özel T. “Physics-Based Simulations of Chip Flow over Micro-Textured Cutting Tool in Orthogonal Cutting of 

https://primerascientific.com/psen
https://pubmed.ncbi.nlm.nih.gov/35120309/
https://pubmed.ncbi.nlm.nih.gov/35120309/
https://pubmed.ncbi.nlm.nih.gov/36810414/
https://pubmed.ncbi.nlm.nih.gov/36776553/
https://pubmed.ncbi.nlm.nih.gov/36776553/
https://pubmed.ncbi.nlm.nih.gov/32433665/
https://pubmed.ncbi.nlm.nih.gov/32433665/
https://pubmed.ncbi.nlm.nih.gov/35742483/
https://pubmed.ncbi.nlm.nih.gov/35742483/


 PriMera Scientific Engineering                                                                                                                                                                   https://primerascientific.com/psen

Unleashing the Tactile Dimension: Exploring VR Technologies for Authentic Calligraphy Training 54

Alloy Steel”. Journal of Manufacturing and Materials Processing (2021). 
39. Pezent E., et al. “Design, Control, and Psychophysics of Tasbi: A Force-Controlled Multimodal Haptic Bracelet”. IEEE Transactions 

on Robotics 38 (2022): 2962-2978. 
40. Ramic-Brkic B., et al. “Developing a Virtual Reality (VR) Lab for Improving the Safety of Pyrotechnicians”. 2022 International 

Balkan Conference on Communications and Networking (BalkanCom) (2022): 195-199. 
41. Rangarajan K, Davis H and Pucher P. “Systematic Review of Virtual Haptics in Surgical Simulation: A Valid Educational Tool?”. 

Journal of surgical education (2020). 
42. Rey B., et al. “Development and Testing of a Portable Virtual Reality-Based Mirror Visual Feedback System with Behavioral Mea-

sures Monitoring”. International Journal of Environmental Research and Public Health 19.4 (2022). 
43. Rosa N., et al. “The Influence of Visual Cues on Passive Tactile Sensations in a Multimodal Immersive Virtual Environment”. Pro-

ceedings of the 2015 ACM on International Conference on Multimodal Interaction (2015). 
44. Ryan G., et al. “Virtual reality learning: A randomized controlled trial assessing medical student knowledge of fetal development”. 

International journal of gynaecology and obstetrics: the official organ of the International Federation of Gynaecology and Ob-
stetrics (2023). 

45. Ryu J and Kim G. Using a vibro-tactile display for enhanced collision perception and presence (2004): 89-96. 
46. Schiefer M., et al. “Sensory feedback by peripheral nerve stimulation improves task performance in individuals with upper limb 

loss using a myoelectric prosthesis”. Journal of Neural Engineering 13.1 (2016).
47. Schmidt G., et al. “Printed Multilayer Piezoelectric Transducers on Paper for Haptic Feedback and Dual Touch-Sound Sensation”. 

Sensors (Basel, Switzerland) 22.10 (2022). 
48. Seritan S., et al. “InteraChem: Virtual Reality Visualizer for Reactive Interactive Molecular Dynamics”. Journal of Chemical Edu-

cation (2021). 
49. Valluripally S., et al. “Modeling and Defense of Social Virtual Reality Attacks Inducing Cybersickness”. IEEE Transactions on De-

pendable and Secure Computing 19 (2022): 4127-4144. 
50. Vargas L., et al. “Object Shape and Surface Topology Recognition Using Tactile Feedback Evoked through Transcutaneous Nerve 

Stimulation”. IEEE Transactions on Haptics 13 (2020): 152-158. 
51. Wang C., et al. “Application of VR technology in civil engineering education”. Computer Applications in Engineering Education 30 

(2021): 335 348. 
52. Wang X., et al. “VibroWeight: Simulating Weight and Center of Gravity Changes of Objects in Virtual Reality for Enhanced Realism”. 

2022 IEEEm Hapticsm Symposium (HAPTICS) (2022): 1-7. 
53. Wegen M., et al. “An Overview of Wearable Haptic Technologies and Their Performancem in Virtual Object Exploration”. Sensors 

(Basel, Switzerland) 23.3 (2023). 
54. Yang T., et al. “Recent Advances and Opportunities of Active Materials for Haptic Technologies in Virtual and Augmented Reality”. 

Advanced Functional Materials (2021): 31. 
55. Zhao J., et al. “Smart City Construction and Rendering Based on Virtual City Space”. 2020 International Conference on Virtual 

Reality and Visualization (ICVRV) (2020): 276-277. 
56. Zheng J., et al. “Cognitive and motor cortex activation during robot-assisted multi-sensory interactive motor rehabilitation train-

ing: An fNIRS based pilot study”. Frontiers in Human Neuroscience 17 (2023).
57. Zuki F., et al. “Gamification, sensory feedback, adaptive function on virtual reality rehabilitation: a brief review”. 2022 Interna-

tional Conference on Digital Transformation and Intelligence (ICDI) (2022): 330-335. 

https://primerascientific.com/psen
https://pubmed.ncbi.nlm.nih.gov/31564519/
https://pubmed.ncbi.nlm.nih.gov/31564519/
https://pubmed.ncbi.nlm.nih.gov/35206464/
https://pubmed.ncbi.nlm.nih.gov/35206464/
https://pubmed.ncbi.nlm.nih.gov/36883288/
https://pubmed.ncbi.nlm.nih.gov/36883288/
https://pubmed.ncbi.nlm.nih.gov/36883288/
https://pubmed.ncbi.nlm.nih.gov/26643802/
https://pubmed.ncbi.nlm.nih.gov/26643802/
https://pubmed.ncbi.nlm.nih.gov/35632205/
https://pubmed.ncbi.nlm.nih.gov/35632205/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7237381/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7237381/
https://pubmed.ncbi.nlm.nih.gov/36772603/
https://pubmed.ncbi.nlm.nih.gov/36772603/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9947243/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9947243/

