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ABSTRACT
The development of art is closely linked to technological advancements. As a traditional Chinese art form, calligraphy is transformed
into data in the era of big data, offering new possibilities and practical pathways for integration with technology. Under the influence
of big data, the calligraphy database, educational platforms for calligraphy, the creation and authentication of calligraphy works, and
calligraphy research have all been significantly impacted. Big data technologies enable the classification, storage, and retrieval of
historical calligraphy works, delving into stylistic features and historical evolution. These advancements provide a rich foundation for
the digital preservation of calligraphy, artistic creation and research, the establishment and development of educational platforms, and
market analysis of calligraphy. However, the integration of big data and calligraphy also presents challenges, such as the redefinition of
calligraphy and its stakeholders, the inability of Al-generated calligraphy to express human individuality, and risks associated with data

pollution.
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1. INTRODUCTION

In an era of rapid advancements in information technology, big
data has become a crucial driving force for societal progress and
innovation. It has not only transformed the operational models of
sectors such as commerce, finance, and healthcare but has also
influenced people’s lifestyles and production methods.
Calligraphy, as a significant form of Chinese art, is a microcosm
of ancient Chinese culture. Beyond being a form of Chinese
character writing, calligraphy embodies profound cultural
heritage and artistic value. It integrates aesthetics, philosophy,
and history, carrying deep cultural connotations, aesthetic
preferences, and artistic essence. It reflects the spiritual world and
aesthetic pursuits of ancient Chinese scholars, along with their
reflections on nature, society, and life. In the era of big data,
calligraphy is inevitably influenced by these technological
developments. The integration of calligraphy and big data
technology provides a promising pathway for its advancement.
This raises the question: how can calligraphy and big data
effectively converge?

2. THE INTEGRATION OF BIG DATA AND
CALLIGRAPHY

In an era of rapid advancements in science and technology, the
intersection of art and technology has become a significant area
of exploration. Technological progress has provided
unprecedented opportunities for the evolution of traditional art
forms. Calligraphy, as a quintessential representation of Chinese
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culture and art, plays a critical role in the preservation,
inheritance, and development of national culture and artistry. In
the age of big data, it finds itself at a pivotal stage of development.
This technological framework not only offers novel tools for the
preservation and dissemination of calligraphy but also opens
innovative pathways for its education, creation, and research.

2.1 Calligraphy Databases

The development of any art form is closely tied to technological
advancements. In the age of big data, technologies allow the
visualization of calligraphy works to be preserved as images,
forming comprehensive calligraphy data platforms. These
platforms go beyond mere digitization for preservation and
dissemination; they leverage cloud computing and the Internet of
Things to expand functionality. Derived from calligraphy data
platforms, digital systems such as online exhibition halls,
communication forums, evaluation systems, and calligraphy
character libraries have emerged. These tools facilitate learning,
appreciation, and research of calligraphy works. Furthermore, big
data analytics enable market trend analyses and consumer
demand forecasting for calligraphy, helping artists and related
organizations better position themselves in the market and create
relevant works, ultimately driving the development of the
calligraphy market.

Big data technologies also digitally classify and store information
about calligraphers’ lives and the history of calligraphy, making
it accessible for research and learning by calligraphers and
enthusiasts. One notable initiative in this domain was the 2007
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research project Study of Indexing and Matching Algorithms for
Calligraphy Character Images led by Professor Jianggin Wu at
Zhejiang University. Funded by the National Natural Science
Foundation of China, the project digitized calligraphy works
preserved in museums—including those on paper, bamboo slips,
and inscriptions—while developing algorithms for image
indexing and matching to enable efficient retrieval of calligraphy
images from large datasets. Similarly, the Chinese Academy of
Sciences’ Automation Institute developed a cloud-integrated
calligraphy big data platform. This platform employs artificial
intelligence (Al) technologies to provide intelligent services, such
as resource sharing, collaborative creation, experiential exchange,
and visual analysis, effectively integrating traditional and modern
modes of calligraphy creation. It not only stores and shares
historical calligraphy collections, individual character images,
and instructional videos but also analyzes user behavior through
big data to offer personalized learning recommendations (Yang et
al., 2020).

The preservation and transmission of calligraphy are crucial for
demonstrating its vitality. Different periods have adopted varying

methods of transmission and protection, often shaped by
technological advances in media (Fig. 1). During the Qin and Han
dynasties, calligraphy was primarily transmitted by engraving on
steles, but these inscriptions often suffered from weathering and
loss, leading to significant degradation over time. In the Tang and
Song dynasties, double-hook tracing on paper or silk became
prevalent, offering accurate reproductions of original strokes and
structures, though the method’s technical complexity limited
mass production. From the Song and Yuan periods onward,
particularly during the Ming dynasty, the advent of block-printing
techniques significantly enhanced the transmission and protection
of calligraphy. However, repeated reprinting often led to
distortion of the works, as evidenced by criticisms in Qing-era
literature concerning the inaccuracies in Yin Sou. Today,
advancements in computing, printing, and copying technologies
allow for mass reproduction of works. The application of big data
has fundamentally revolutionized the duplication and
preservation of calligraphy, ushering in a digital era that replaces
traditional engraving and tracing methods.
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Fig. 1. Preservation and Inheritance of Calligraphy in Different Periods

2.2 Educational Platforms

"The method of learning calligraphy cannot achieve excellence
without oral transmission and personal instruction" (Jie, 2013). In
ancient times, learning calligraphy followed a limited pathway,
primarily relying on oral instruction and hands-on teaching from
a mentor, complemented by books on calligraphy techniques.
With advancements in technology and the availability of
abundant educational resources, the methods for learning
calligraphy have expanded significantly. In addition to traditional
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mentor-apprentice transmission and technical manuals, online
courses and live streaming have become accessible learning
methods (Fig. 2). Big data further enhances the convenience and
intuitiveness of calligraphy education, leading to the
establishment of dedicated educational platforms.

Calligraphy education platforms leverage big data and artificial
intelligence (Al) to develop teaching systems, intelligent
classrooms, and interactive digital tracing tables. These tools,
alongside virtual reality (VR) and augmented reality (AR)
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technologies, provide participants with an immersive teaching
and learning experience. Such platforms address challenges
related to the lack of conducive teaching environments and
qualified instructors. For instance, Beijing Founder Electronics
Co., Ltd. has developed a calligraphy education product known
as Founder Calligraphy. By harnessing the power of big data and
Al, Founder Calligraphy introduces a systematic interactive
curriculum and cloud services tailored to the interactive
relationship between teaching and learning. On the teacher’s side,
it enables the construction of a complete calligraphy teaching
framework. On the student’s side, it facilitates precise

assessments, provides real-time feedback on writing issues, and
recommends targeted learning plans.

Similarly, three undergraduate students at East China Normal
University developed an intelligent calligraphy teaching system.
This system, based on big data, incorporates a network character
database containing thousands of famous inscriptions and
handwritten scripts, as well as tens of thousands of images of pen-
holding postures. It integrates technologies such as image
processing, deep learning, augmented reality, and intelligent
robotics (Chen & Wu, 2019).
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Fig. 2. The Learning Path of Calligraphy

Educational platforms for calligraphy utilize scientific and
technological advancements to assist teaching. With rich
educational resources, robust interactive capabilities, and
personalized teaching and learning experiences, these platforms
have been effectively applied to calligraphy education,
significantly improving its overall quality.

2.3 Calligraphy Creation and Authentication Through Artificial
Intelligence

As a pure art form, calligraphy is increasingly being analyzed as
data. It has become a subject for data storage, analysis, and new
creation by artificial intelligence (Al). Based on big data, Al
utilizes deep learning algorithms to study a vast array of
calligraphy works, assisting in the creation of calligraphy. It can
simulate the characteristics of calligraphers’ brushstrokes,
character structures, and compositional styles to generate
calligraphy pieces in specific styles. This capability enhances the
efficiency and quality of calligraphy creation to some extent and
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introduces new forms of artistic expression and interactive
experiences.

The capability of Al to create calligraphy lies in its ability to
digitally convert the visual and stylized characteristics of
calligraphy. These characteristics rely on the storage of
calligraphy images and the construction of calligraphy databases.
The digital transformation process is driven by the programming
of writing software, which predefines writing styles, artistic
aesthetics, and other keywords. The inputted textual content is
then programmatically converted and output as calligraphy
images. Essentially, Al operates under predetermined
instructions, resembling a formulaic standardized production
process (Wang, 2021). Fig. 3 illustrates this process. This
inherent attribute of Al results in its creations being formulaic,
procedural, and rigid, lacking the personalized touch and
expressiveness of human calligraphy creators.
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Fig. 3. The Process of Al Creating Calligraphy

Al also learns from the works of historical calligraphy masters,
analyzing styles, brushstroke techniques, and compositional
layouts through algorithms. These elements—style, brushwork,
and composition—are the basis for authenticating the
genuineness of a calligrapher’s work and serve as essential
criteria for stylistic periodization. Therefore, Al provides
valuable tools for the authentication and chronological
classification of calligraphy pieces.

2.4 Academic Research

In the era of big data, this technology has permeated various
fields, transforming calligraphy into analyzable images and data.
As a pure art form, calligraphy is increasingly subjected to data
analysis. Big data technologies integrate vast resources related to
calligraphy, including images, historical records, theories,
designs, retrieval systems, and authentication tools. By
employing big data analytics and storage, these resources are
deeply mined and researched. One of the earliest applications of
big data in calligraphy research was by the China Calligraphers
Association during the 11th National Calligraphy and Seal
Engraving Exhibition. This event employed statistical data to
quantify the proportion of entries in each calligraphic style, which
were then used to allocate quotas for each style and conduct
preliminary evaluations accordingly. The association used the
same method during the 12th National Calligraphy and Seal
Engraving Exhibition. Beyond exhibitions, big data technologies
are also applied to calligraphy education, the study of
calligraphers, and historical periodization, offering a
comprehensive and objective representation of the current state of
calligraphy research in a data-driven manner.

With the proliferation of massive information and resources,
calligraphy research has inevitably embraced the influence of big
data. These technologies facilitate the handling of extensive
datasets, simplifying the processes of collection, retrieval, and
utilization for scholars engaged in academic research on
calligraphy.
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3. CHALLENGES AND ISSUES IN THE
INTEGRATION OF BIG DATA AND
CALLIGRAPHY

In the context of big data, the integration of art and technology
has become an inevitable trend. "Calligraphy must resonate with
the times; it should serve as an artistic conduit for societal
development and technological progress, interacting with
people's everyday lives, the internet, artificial intelligence, and
more" (Chen, 2017). While big data provides numerous
opportunities for the innovative development of calligraphy, it
also introduces significant challenges.

3.1 Redefinition of Calligraphy

Calligraphy, traditionally defined as the art of writing Chinese
characters, has always been considered a human endeavor.
However, in the context of big data, artificial intelligence (Al) can
now create calligraphy, produce works, and participate in
teaching activities. This development appears to diminish the
centrality of human agency in calligraphy, leading to a
reevaluation of what constitutes calligraphy, the role of
calligraphers, and the identity of educators in the field. This
redefinition is not limited to calligraphy; other art forms have also
been affected. For instance, in painting, Al can transform natural
images into artistic renderings based on stylistic instructions.

In modern history, the introduction of the fountain pen to China
during the Republican period marked the separation of practical
Chinese writing from traditional brush calligraphy, with the pen
replacing the brush for utilitarian purposes. However, artistic
writing continued to rely on the brush. As long as one wielded a
brush, the act was regarded as calligraphy. Today, Al is also
capable of producing brush-written works. Can Al, then, be
considered a calligrapher? Historically, calligraphy has been
viewed as an expressive art form, embodying sentiments such as
“to encircle soaring aspirations or to release pent-up emotions”
(Zhang, 2014). AI’s handwritten and generated works are
contingent on pre-programmed instructions and preloaded data.
From this perspective, Al cannot truly be recognized as a
calligrapher.
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It is undeniable that Al-generated calligraphy works can
sometimes be aesthetically impressive, even rivaling those of
ordinary calligraphers. However, compared to high-level
calligraphers, Al still exhibits significant shortcomings, often
producing works that are formulaic and lack depth. While Al-
generated works may pose a career challenge for average
calligraphers, they also exacerbate the difficulty of sustaining
calligraphy as a pure art form in modern society. Regarding
whether Al can replace teachers in education, the answer is also
negative. The mission of teaching is not just to impart knowledge
but also to nurture individuals. In this respect, Al cannot replicate
human care and empathy. Nevertheless, Al has made calligraphy
education more diverse, intuitive, and engaging.

3.2 The Inability of Al-Generated Calligraphy to Express
Human Individuality

Calligraphy is an art form that conveys personal emotion and
character. However, Al, rooted in big data, lacks human
sensibility. In its creative process, Al-generated calligraphy fails
to express human individuality. "Individual expression exists in
all forms of art, such as painting, sculpture, and architecture.
However, the most intimate and authentic form of individual
expression is writing. If we consider the ability to express
individuality as the pinnacle of art, then among all forms of art,
writing ranks the highest. Writing possesses the beauty of lines,
light, force, and individuality, making it immensely valuable in
art. Writing has strengths that other forms lack and can express
what others cannot” (Xia, 2020).

Al creates art by utilizing writing software programmed with
predefined styles, artistic features, and other keywords. The
software processes input text into output calligraphy images
based on a data-driven approach. Although this process can
simulate certain individual traits, the resulting works inherently
lack true individuality. In the realm of big data, Al-driven
calligraphy creation does not authentically express human
unigueness.

The lack of individuality is not a problem unique to Al-generated
calligraphy but a broader issue in Al-generated art. This limitation
provides an opportunity for the continued development of
traditional calligraphy and points to directions for the
advancement of Al technology.

3.3 Caution Against Big Data Pollution

Big data technologies offer new perspectives and tools for the
innovative development of calligraphy. The deep integration of
big data and calligraphy ushers in a new phase of growth for this
art form. However, while big data facilitates the advancement of
calligraphy, it also requires vigilance against the risks of data
pollution.

The processes of storing, analyzing, integrating, and generating
calligraphy works through big data often rely on algorithms and
Al systems. These involve program design, which, if flawed, can
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negatively affect the analysis and study of calligraphy.
Furthermore, algorithms and Al-generated calligraphy works, as
well as teaching videos, depend on vast amounts of image and
textual data. Therefore, the accuracy of data collection, storage,
and algorithm and program design is critical. Precautions must
also be taken against the falsification or manipulation of images
and texts in Al-generated works and videos.

The widespread adoption of big data has marginalized traditional
calligraphy tools, with digital alternatives such as styluses and
touch screens replacing brushes and paper. This shift in creative
tools inevitably affects the writing habits of calligraphers,
influencing their aesthetic principles. The unique ink textures and
writing techniques of traditional calligraphy are difficult to fully
replicate in digital formats, posing challenges to the preservation
and transmission of this art form.

Additionally, big data simplifies the duplication and
dissemination of calligraphy works. However, it raises concerns
about copyright protection and the gradual erosion of uniqueness
and artistic value in the digital replication process. Thus, while
big data promotes innovative development in calligraphy, caution
is needed to prevent data pollution. Protecting the traditional and
unique aspects of calligraphy ensures that this art form can thrive
in the digital age in a sustainable and authentic manner.

4. CONCLUSION

In 1940, the renowned Chinese painter Fu Baoshi stated in A Brief
History of Chinese Seal Carving: "The fundamental source of
Chinese art is calligraphy. Without a proper understanding and
appreciation of calligraphy, one could say that all connections to
Chinese art are severed. Chinese characters are composed of
lines. Their structure, regardless of the complexity of the strokes
or the style—seal, clerical, or other script—maintains an
extraordinarily harmonious and tranquil balance within square or
other defined shapes. This distinguishes them from the characters
of other cultures. Within this consistent size, through focused
observation and an innate sense of appreciation, the viewer can
experience boundless imagination, infinite charm, and novel
creativity through the varying strokes. Almost all forms of
Chinese art have developed along this pathway" (Fu, Wan, Zhang,
& Nanjing Museum, 2007). Fu Baoshi, who initially focused on
seal carving and deeply studied calligraphy, had profound
insights into the relationship between calligraphy and other
Chinese arts. His statement aptly underscores that calligraphy is
the source of Chinese art. As a vital component of traditional
Chinese culture, calligraphy is not merely a form of character
writing but a vessel carrying profound cultural heritage, aesthetic
sensibilities, and artistic essence. Through calligraphy, one can
glimpse the spiritual world and aesthetic tastes of ancient Chinese
scholars and understand their reflections on nature, society, and
life. This unique art form, cherished by the literati of ancient
China, serves as a microcosm of Chinese culture.
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The integration of technology with other disciplines has advanced
interdisciplinary research. Big data provides new opportunities
for the innovation and development of calligraphy, influencing
cultural heritage and educational practices while presenting
associated challenges. Big data enables the digital preservation,
artistic creation, education, cultural exchange, market analysis,
and academic research of calligraphy, fostering its transmission
and development in modern society. By embracing technology,
calligraphy can advance further in the context of big data
ensuring its place as a vibrant and enduring art form.
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