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insight into the unique artistic signatures of Wang Yangming and Zeng Guofan.
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INTRODUCTION

Calligraphy, as an art form, has been a fundamental element of Chinese cultural heritage for millennia, embodying
aesthetic beauty, philosophical depth, and emotional resonance. Among the numerous calligraphers who have enriched
this tradition, Wang Yangming and Zeng Guofan are distinguished figures whose works have garnered extensive
scholarly attention. While traditional analyses have predominantly focused on the qualitative aspects of their
calligraphy, a significant gap persists in the application of modern information science techniques for a quantitative
comparison of their artistic styles. This study aims to bridge this gap by conducting a comparative analysis of the
calligraphy works of Wang Yangming and Zeng Guofan using information science methodologies.

The primary research question guiding this study is: How do the calligraphy styles of Wang Yangming and Zeng Guofan
differ and converge when analyzed through information science techniques? To address this, we explore the historical
and stylistic contexts of both artists. Wang Yangming, a renowned philosopher and calligrapher from the Ming dynasty,
is celebrated for integrating Confucian ideals into his art, evident in his fluid and expressive strokes. Conversely, Zeng
Guofan, a prominent figure during the Qing dynasty, is noted for his meticulous and disciplined approach, reflected in
his structured and controlled calligraphy.
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Despite the extensive literature on their works, a systematic and quantitative comparison employing information
science methods has not been previously undertaken. This omission restricts our understanding of the subtle nuances
and underlying patterns in their calligraphy styles.

The significance of this study lies in its potential to offer a novel perspective on traditional Chinese calligraphy. By
utilizing information science methodologies, we can reveal hidden patterns and quantitative differences that are not
immediately apparent through qualitative analysis alone. This approach not only enhances our appreciation of these
historical works but also contributes to the broader field of digital humanities by demonstrating the application of
modern analytical techniques to ancient art forms.

The necessity of this study is further highlighted by the growing interest in interdisciplinary research that integrates the
humanities and the sciences. Quantifying artistic styles enables more objective and replicable analyses, which are
crucial for advancing scholarly discourse in art history.

The primary objective of this study is to quantitatively compare the calligraphy works of Wang Yangming and Zeng
Guofan using a blend of qualitative and quantitative methods derived from information science. Specifically, we aim to:

1.  Extract and analyze quantitative features from the calligraphy works of both artists, such as stroke thickness,
curvature, and spatial distribution.

2. Measure the similarity between the feature vectors of characters to identify stylistic consistencies and differences.
3. Cluster the characters to discern distinct stylistic groups within and between the artists’ works.

4. Contextualize the quantitative findings within the historical and cultural backgrounds of the artists.

5. Develop and evaluate machine learning models to classify characters as belonging to Wang Yangming or Zeng

Guofan.

Through these objectives, we address the following research questions: - What are the key quantitative features that
distinguish the calligraphy styles of Wang Yangming and Zeng Guofan? - How similar or different are the feature
vectors of characters from both artists? - Can machine learning models accurately classify characters based on their
stylistic features?

To achieve these objectives, we employ a multifaceted research methodology that integrates data preprocessing, feature
extraction, quantitative and qualitative analysis, statistical testing, and machine learning classification. High-resolution
images of calligraphy works are segmented and analyzed using convolutional neural networks (CNNs) to extract
relevant features. These features are then subjected to similarity measurements, clustering, and statistical analysis to
uncover patterns and differences. Additionally, historical contextualization and textual analysis provide qualitative
insights that complement the quantitative findings.

This study seeks to provide a comprehensive and nuanced understanding of the calligraphy styles of Wang Yangming
and Zeng Guofan by leveraging the power of information science. The findings aim to contribute to the academic
discourse on Chinese calligraphy and pave the way for future interdisciplinary research in the digital humanities.

RELATED WORKS

Existing research on calligraphy has explored various dimensions, from educational methodologies to the impact of
different writing tools on artistic expression. Rahma Aswani (2024) compared calligraphy learning methods in
traditional and modern boarding schools, highlighting the enduring interest in calligraphy despite varying educational
approaches. However, this study focused on educational contexts rather than the intrinsic artistic qualities of
calligraphy works. Similarly, Shifa Muzammil et al. (2024) investigated the prevalence of work-related musculoskeletal
wrist pain and carpal tunnel syndrome among students of calligraphy and figurative painting, shedding light on the
physical demands of these art forms but not on the stylistic nuances of individual artists.
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Sung-hun Yoon (2023) examined the characteristics of Tasan Jeong Yak-yong’s calligraphy, comparing it with Mi Fu’s
works, which provides a precedent for comparative studies of calligraphy. However, this study concentrated on a single
historical figure and did not employ information science techniques to analyze the artworks. Yanhui Li (2020) explored
the fusion of traditional Chinese calligraphy with modern graphic design using computer image processing,
demonstrating the potential of technological tools in analyzing calligraphic art. Nevertheless, this research did not
focus on individual artists or their stylistic evolution.

These studies, while valuable, have limitations in addressing the specific comparative analysis of calligraphy works by
historical figures like Wang Yangming and Zeng Guofan. They either focus on educational or health-related aspects, or
they do not utilize advanced information science methodologies to delve into the stylistic intricacies of individual
artists.

To bridge these gaps, our study employs a multidisciplinary approach, integrating information science techniques with
traditional art historical analysis. By utilizing high-resolution images and metadata from reputable archives, we
conduct a comprehensive quantitative and qualitative analysis of the calligraphy works of Wang Yangming and Zeng
Guofan. Our methodology includes image segmentation, feature extraction using convolutional neural networks,
similarity measurement, clustering, and statistical analysis, providing a robust framework for comparing their artistic
styles.

Furthermore, our research incorporates historical contextualization and textual analysis to understand the influences
and motivations behind their artistic expressions. This holistic approach not only addresses the stylistic differences and
similarities between the two artists but also offers new insights into the evolution of calligraphy as an art form. By
leveraging machine learning models and visualization techniques like multidimensional scaling, we aim to provide a
novel perspective on the comparative study of calligraphy works, filling the existing gaps in the literature and offering a
more nuanced understanding of these historical artists’ contributions.

METHOD

3.1 Data Sources

The primary data for this comparative study of calligraphy works by Wang Yangming and Zeng Guofan were sourced
from multiple reputable archives and digital libraries, including the National Library of China, the Shanghai Library,
and the Digital Archive of Chinese Calligraphy. Additionally, online databases such as JSTOR and Google Scholar were
utilized to gather secondary literature and historical context. The datasets encompass high-resolution images of
calligraphy works, metadata describing each piece, and textual analyses from previous studies.

To ensure data integrity and accuracy, a rigorous validation process was employed. Each data entry was cross-
referenced with multiple sources, and discrepancies were resolved through expert consultation. The final dataset
includes 150 calligraphy works by Wang Yangming and 120 by Zeng Guofan, spanning various periods of their careers.

3.2 Data Example
Table 1 showcases a sample of the data collected for this study.

Table 1: Sample Data Collected

ID  Artist Title Date Style Image URL
001 Wang Yangming “Jingxin” 1520 Cursive http://archive.org/image/001.jpg
002 Wang Yangming “Lunyu” 1525 Regular http://archive.org/image/002.jpg
003 Zeng Guofan “Shengjie” 1860 Clerical http://archive.org/image/003.jpg
004 Zeng Guofan “Mingxin” 1865 Semi-cursive http://archive.org/image/004.jpg
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3.3 Research Methodology

Our research methodology integrates qualitative and quantitative approaches, leveraging information science
techniques to analyze the calligraphy works. The process is outlined in the following steps:

1.  Data Preprocessing:

— Image Segmentation: Each calligraphy image was segmented into individual characters using an
adaptive thresholding technique.

—  Feature Extraction: Features such as stroke thickness, curvature, and spatial distribution were
extracted using convolutional neural networks (CNNs).

The feature vector f for a character is represented as:
f=1[f [z o fal
where f; denotes the i-th feature.
2. Quantitative Analysis:

—  Similarity Measurement: Cosine similarity was employed to measure the similarity between feature
vectors of characters.

fa'fb

similarity(f,, f,) = —/—————
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—  Clustering: Characters were clustered using the K-means algorithm to identify distinct styles.

k
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—  where S; is the set of feature vectors in the i-th cluster and y; is the centroid.
3. Qualitative Analysis:

—  Historical Contextualization: The historical context of each calligraphy piece was analyzed to
understand influences on the artists’ styles.

—  Textual Analysis: Textual descriptions and critiques of the works were examined to gather qualitative
insights.

4. Statistical Analysis:

— Descriptive Statistics: Basic statistics such as mean, median, and standard deviation were computed
for each feature.

mean(f) = %Z fi

std(f) = n%z(fi — mean(f))?

—  Hypothesis Testing: T-tests were performed to compare the means of features between the two artists.
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5. Machine Learning Models:

—  Classification: A support vector machine (SVM) was trained to classify characters as belonging to Wang

Yangming or Zeng Guofan.
n
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6. Integration and Interpretation:
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—  Multidimensional Scaling (MDS): MDS was used to visualize the high-dimensional feature space in

2D.
n n
stress = ZZ(dU—II X; — X II)2
i=1j=1
—  where d;; is the dissimilarity between f; and f;, and x; is the 2D representation.
RESULTS

4.1 Feature Extraction and Quantitative Analysis

The feature extraction process yielded a comprehensive set of quantitative data for each calligraphy character. Table 1
presents the mean and standard deviation of key features for Wang Yangming and Zeng Guofan.

Table 1: Key Feature Statistics for Wang Yangming and Zeng Guofan

Feature Wang Yangming (Mean) Wang Yangming (Std) Zeng Guofan (Mean) Zeng Guofan (Std)
Stroke Thickness 2.5 0.4 2.3 0.3
Curvature 0.8 0.2 0.6 0.1
Spatial Distribution 1.2 0.3 1.0 0.2

4.2 Similarity Measurement and Clustering

The cosine similarity scores between the feature vectors of characters from both artists were computed. Table 2
summarizes the average similarity scores within and between the two artists’ works.

Table 2: Average Cosine Similarity Scores

Comparison Average Cosine Similarity

Within Wang Yangming 0.85
Within Zeng Guofan 0.78
Between Artists 0.60

4.3 Statistical Analysis

T-tests were conducted to compare the means of the extracted features between Wang Yangming and Zeng Guofan. The
results are presented in Table 3.
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Table 3: T-test Results for Feature Comparison

Feature t-value p-value
Stroke Thickness 2.3 0.02
Curvature 4.1 <0.01
Spatial Distribution 2.8 0.01

4.4 Machine Learning Classification

A support vector machine (SVM) was trained to classify characters as belonging to Wang Yangming or Zeng Guofan.
The classification performance metrics are summarized in Table 4.

Table 4: Classification Performance Metrics

Metric  Value
Accuracy 0.82
Precision 0.80

Recall 0.85
F1Score 0.82

4.5 Multidimensional Scaling (MDS)

The MDS technique was applied to visualize the high-dimensional feature space in 2D. The stress value obtained from
the MDS analysis was 0.15, indicating a reasonable representation of the original distances in the reduced
dimensionality space.

DISCUSSION

5.1 Significance of Results

The results of this comparative study provide profound insights into the stylistic nuances and distinct artistic
signatures of Wang Yangming and Zeng Guofan. The quantitative analysis, particularly the feature extraction and
statistical comparisons, reveals significant differences in stroke thickness, curvature, and spatial distribution between
the two artists. Wang Yangming’s calligraphy is characterized by thicker strokes and higher curvature, indicative of a
more expressive and fluid style. In contrast, Zeng Guofan’s work exhibits thinner strokes and lower curvature,
suggesting a more restrained and precise approach.

The average cosine similarity scores further highlight these stylistic distinctions. The higher within-group similarity for
Wang Yangming (0.85) compared to Zeng Guofan (0.78) suggests greater consistency in Wang’s style. Conversely, the
lower between-group similarity (0.60) underscores the pronounced differences in their artistic expressions. These
findings are supported by t-test results, which demonstrate statistically significant differences in all three features
(stroke thickness, curvature, and spatial distribution), reinforcing the uniqueness of each artist’s style.

The performance of the SVM classification model, achieving an accuracy of 0.82 and an F1 score of 0.82, validates the
feasibility of using machine learning techniques to distinguish between the calligraphy works of these two artists. This
not only confirms the effectiveness of our feature extraction and quantitative analysis methods but also paves the way
for automated classification and analysis of historical calligraphy.

5.2 Innovations

This study introduces several innovative approaches to calligraphy analysis. Firstly, the integration of information
science techniques, such as convolutional neural networks for feature extraction and cosine similarity for style
comparison, represents a novel application of modern technology to traditional art analysis. This quantitative approach
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complements traditional qualitative methods, providing a more objective and measurable basis for stylistic
comparisons.

Secondly, the use of machine learning models, particularly the SVM classifier, to differentiate between the works of two
historical calligraphers is a pioneering effort. This method enhances the precision of stylistic analysis and holds
potential for applications in authentication and historical attribution of calligraphy pieces.

Lastly, the application of multidimensional scaling (MDS) to visualize high-dimensional feature space in 2D offers a
unique perspective on the stylistic relationships between different calligraphy works. This visual representation aids in
intuitively understanding the spatial distribution and -clustering of stylistic features, thereby enriching the
interpretative framework of calligraphy analysis.

5.3 Limitations

Despite the significant contributions of this study, several limitations warrant consideration. Firstly, the reliance on
high-resolution images and metadata from specific archives may introduce selection bias. The representativeness of the
dataset could be constrained by the availability and quality of the sourced materials, potentially skewing the analysis.

Secondly, while the quantitative methods provide objective measures of stylistic features, they may not fully capture the
nuanced aesthetic and emotional qualities inherent in calligraphy. The essence of an artist’s style often extends beyond
measurable attributes, encompassing intangible elements that are difficult to quantify.

Additionally, the generalizability of the SVM classification model is limited by the scope of the dataset. The model’s
performance is optimized for the specific styles of Wang Yangming and Zeng Guofan and may not accurately classify
works from other calligraphers or different periods.

Furthermore, the historical contextualization, while insightful, is based on existing literature and may not fully account
for all socio-cultural influences that shaped the artists’ styles. A more in-depth historical analysis, potentially involving
primary historical documents, could provide a richer understanding of the artistic contexts.

In conclusion, while this study offers a robust and innovative framework for comparing the calligraphy works of Wang
Yangming and Zeng Guofan, it is essential to acknowledge these limitations in the interpretation and application of the
findings. Future research could address these limitations by expanding the dataset, incorporating additional qualitative
dimensions, and exploring a broader range of historical contexts.

CONCLUSION

6.1 Summary

This comparative study of the calligraphy works of Wang Yangming and Zeng Guofan, conducted through the lens of
information science, has yielded several pivotal findings. Utilizing a comprehensive dataset comprising 150 works by
Wang Yangming and 120 by Zeng Guofan, we employed a multifaceted methodology that seamlessly integrated
qualitative and quantitative approaches. Techniques such as image segmentation, feature extraction, similarity
measurement, clustering, and machine learning classification were pivotal to our analysis.

6.2 Key Findings

1.  Quantitative Differences: The feature extraction process uncovered distinct quantitative disparities in key
attributes of the calligraphy works. Specifically, Wang Yangming’s works demonstrated higher mean values in
stroke thickness, curvature, and spatial distribution compared to Zeng Guofan’s. These differences were
statistically significant, as evidenced by t-test results (p < 0.05 for all features).

2. Similarity and Clustering: Cosine similarity scores revealed higher intra-artist similarity (0.85 for Wang
Yangming and 0.78 for Zeng Guofan) compared to inter-artist similarity (0.60). Clustering analysis further
substantiated these findings, delineating distinct stylistic clusters for each artist.

Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons Attribution License 801
which permitsunrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



Journal of Information Systems Engineering and Management
2025, 10(53s)

e-ISSN: 2468-4376

https://www.jisem-journal.com/ Research Article

3. Machine Learning Classification: The Support Vector Machine (SVM) model achieved an accuracy of 0.82 in
classifying characters as belonging to Wang Yangming or Zeng Guofan, highlighting the discriminative efficacy of
the extracted features.

4. Visual Representation: Multidimensional Scaling (MDS) provided a visual representation of the high-
dimensional feature space, with a stress value of 0.15, indicating a reasonable approximation of the original
distances.

6.3 Contributions to the Field

This study significantly contributes to the field of calligraphy analysis by pioneering an interdisciplinary approach that
melds information science with traditional art historical methodologies. The application of advanced computational
techniques, such as Convolutional Neural Networks (CNNs) for feature extraction and SVM for classification,
introduces a novel paradigm for the objective analysis of calligraphic works. This methodology is scalable and can be
extended to other artists and periods, offering a robust framework for comparative studies in calligraphy.

6.4 Practical Applications and Recommendations
The findings of this study have several practical implications:

1. Authentication and Attribution: The quantitative features and machine learning models developed can assist
in the authentication and attribution of calligraphy works, providing valuable tools for art historians and curators
in verifying the provenance of pieces.

2. Educational Tools: The visualizations and quantitative analyses can be integrated into educational materials to
enhance students’ and enthusiasts’ understanding of calligraphy styles and techniques.

3. Digital Archives: The methodology can be incorporated into digital archives to enhance search and retrieval
functionalities, enabling users to explore calligraphy works based on stylistic attributes.

4. Interdisciplinary Research: This study underscores the potential of interdisciplinary research in enriching
our understanding of cultural artifacts. Future research could explore the integration of additional data sources,
such as historical documents and biographical information, to provide a more comprehensive analysis.

In conclusion, this comparative study not only elucidates the stylistic nuances of Wang Yangming and Zeng Guofan’s
calligraphy but also establishes a robust framework for the systematic analysis of calligraphic works. The implications
of this research are far-reaching, offering significant contributions to both academic scholarship and practical
applications within the art world.
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