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ABSTRACT 
Historical texts form the basis of the study of antiquities. In the 

case of Chinese historical texts different genres exist, e.g. 
chronological and biographical works etc. The contents of these 
texts normally consist of complex and interrelated information 
which covers long time period. Traditional history research relies 
heavily on information extraction and analysis by human 
researchers. With the recent development of the internet, data 
science and visualization technologies, digital history gradually 
attracts more and more attentions and in turn significantly impacts 
the field of historical study through altering the accessibility of the 
source materials, the narrative strategy and the analytical 
methodologies. This paper provides a system that enhances the 
Chinese historical research using word segmentation, texts analysis 
and visualization technologies. We can improve the workflow of 
traditional historical research via automatically detecting important 
keywords in Chinese historical texts and extracting, analyzing and 
visualizing the relations between a keyword and other words. This 
does not only accelerate the text based historical study but also to a 
great extent increase the scope of the search and analysis of the 
keywords in Chinese historical texts which used to be limited by 
the capacity of human researchers. 
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processing 
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1 INTRODUCTION 

 Digital history emerged as a cross-disciplinary approach that 
combines computer technology and historical research. The 
prospect of digital history does not only lie in its technologies for 
the fast storage, access and utilization of the historical texts, but 
also in its ability of visualizing different types of information in  
novel ways. As a result of the increasing interest to this approach, 
the American Historical Association (AHA) launched a Digital 
History Workshop at its annual meeting in 2014 [1]. However, most 
of the digital history projects, especially those regarding Chinese 
history, are directed by historians who lack awareness of the variety 
of technologies that could greatly enhance their work. 

Information visualization focuses on representing data and 
information through the display of graphic forms such as, bar 
charts, plot charts, pie charts etc. It is widely applied in the fields 
of business, finance, journalism, administration and digital media. 
With the rise of digital history, we look to employ and develop 
information visualization technology for humanistic research.  

In this paper, the research methods in the field of data science 
are applied to the study of Chinese historical texts, where the 
history texts are regarded as the research data, the data are pre-
processed, the nouns in the historical materials are extracted and 
analysed, and then the visualization techniques such as word cloud 
and force-directed graph are employed to show the relations 
between the keywords and other nouns. This development enables 
the Chinese historians to study the relations between historical 
figures and events in a much wider range than that they used to. 

2 RELATED WORK 
With the general rise of digital history Chinese humanities 

scholars were also appealed to apply digital technology to their 
studies. Wu Ling summed up six trends in the study of history in 
the age of big data, including the digitalization of historical 
materials, the improvement in the accuracy of the study, the 
innovative searching and indexing system of new historical 
materials, the diversification of historical research, the application 
of text analysis methods, the influence of data analysis and cloud 
technology on history research [2]. Zhou Bei et al. applied 
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quantitative analysis to historical events [3]. Wang Zhixuan 
proposed two solutions for the digitization of ancient historical 
materials [4]. In the summary of the Conference on "Cross-border 
and integration: Digital Humanities in a global perspective", the 
Library of Peking University reviewed a number of available 
digital methods for humanities research [5]. It further advocated the 
combination of digital technologies with traditional humanistic 
research methods which free humanities researchers from 
mechanical, painstaking work of textual comparisons and 
analyzation in order to enable them to explore their research 
questions in a broader scope. 

Word segmentation is widely employed in the study of Chinese 
and Japanese corpuses [6, 7, 8, 9]. Word segmentation technologies 
include dictionary-based, HMM-based, CRF-based and deep 
learning-based algorithms. These algorithms have different 
performance regarding word segmentation speed, accuracy and 
new word generation. Among a number of common Chinese word 
segmentation tools, Jieba [10] and thulac [11] have a faster word 
segmentation speed and accuracy. However, the training samples 
of these tools are in modern Chinese. We compared the tools by 
feeding them with classical Chinese texts and chose THULAC as 
the word segmentation tool for the study of this paper. 

The word cloud, also known as the text cloud, is a visual 
representation of text data which illustrates words in a shape 
resembling clouds [12]. The word cloud can visually show the 
weight of different words and highlight important words. 

 

 

Figure 1: Force-Directed Graph 

By simulating Hooker's law, the force-directed graph can 
automatically generate graphics for complex relationships [13]. It 
configures nodes in two-dimensional or three-dimensional spaces, 
with lines connected between nodes, which are almost equal in 
length and do not intersect. Each node produces gravitational and 
repulsive forces, the intensity of which are determined by the 
properties of the nodes. Starting with a randomly ordered initial 
state, moving under the co-effect of gravity and repulsion, the 
system would finally reach a stable state. A clearer visualization of 
relationships between words is thus generated by the force-directed 
graph algorithm. 

 

3 DOCUMENT PREPROCESS 
We use the book History of Ming (Ming dynasty, 1368-1644) 

as our experimental corpus. On one hand, since the History of Ming 
is the last one of the standard histories of imperial China, its 
language is comparatively closer to modern Chinese, which would 
contribute to a better performance of our word segmentation. On 
the other hand, as a historical work compiled in the last dynasty of 
imperial China, the content of the History of Ming is generally 
richer and more detailed than those compiled in previous dynasties.  

We first run Thulac over the History of the Ming to convert its 
text body into a word sequence. The words in the sequence are 
labelled by the parts of speech (i.e. grammar groups such as nouns, 
verbs, etc.). Then the total 92411 nouns are selected for our analysis 
where their occurrences are counted, and locations recorded. Table 
1 shows the list of nouns of which the number of occurrences rank 
top 20.  

 

Figure 2: The first column contains the nouns extracted from 
the text, the second column shows its number of  occurrences 

and the rest of the columns indicates the locations of the 
nouns. 

The chosen keyword is placed in the center of the canvas with 
its relevant nouns distributing in the three-dimensional space 
surrounding it. The word distance between the keyword and a 
relevant noun is represented by both the color index and the length 
of the line connecting them. By hovering over a line the exact 
distance between the keyword and the noun at the other end will 
appear. An input box is provided to facilitate the interaction, which 
enables the drawing of the force-directed graph of any chosen 
keyword. 

We classify the nouns into high-occurrence nouns (those which 
appear over 50 times) and low-occurrence nouns (those which 
appear under 50 times). Among the high-occurrence nouns the 
words "people" (人) and "event" (事) are at the top of the ranking 
list, which reflect the fact that the History of Ming is organized 
around historical people and events. The other high-occurrence 
nouns include official titles, names of places and government 
bodies and names of eminent people. We can also find nouns that 
highly related to Chinese traditional thoughts, such as family (家) 
and ritual (礼). 

The index of a noun is defined by its distance to the very first 
word of the sequence. The distance between two words is thus 
calculated by the numerical difference of their indexes. When a 
high-occurrence noun is selected, a threshold of 20 of word 



 

3 
 

distance is set for analyzing and visualizing its relationship with 
other nouns. 

4 SYSTEM DESIGN 
 Traditional visualization platforms are normally constructed 

by desktop application development framework. With the rise of 
web technologies, JavaScript library provides a pool of 
visualization tools. Hence our visualization and analysis system are 
built using node.js. 

The algorithm that generates word clouds run iterations over 
each noun. The noun that ranks in the first place would be put in 
the center.  The size of the graph of (i.e. number of pixels of) each 
noun is proportion to its number of occurrences. The other nouns 
are then rendered in the descending order of their numbers of 
occurrences and their graphs are placed over the areas that are not 
covered by the stokes of the characters of other nouns. 

Wordcloud2.js is a word cloud generating JavaScript library 
that uses HTML5 's Canvas tags for drawing. Canvas tags provide 
pixel-level drawing operations that draw large amounts of text or 
graphics with less system occupancy than text HTML tags. 

In the cloud generation, we render all the high-occurrence 
nouns over a canvas of which the size is 4096x2160 and set the 
minimum font size to 9 pixels. The result is illustrated in  Figure 3 
(Since the weight of  "people" (人) is too high to be displayed along 
with other nouns so it is omitted for a better illustration.) 

 
 

 

Figure 3: Word cloud of the history of Ming 

In order to visualize the relationship between a keyword and 
the nouns related to them represented by word distances, we choose 
undirected graph with the nodes to represent the nouns and the 
connecting lines to represent the relationship. However, when we 
set the threshold of word distance at 20, the number of nodes in the 
visualization can vary from none to many and thus an algorithm is 
needed for the distribution of the nodes and their connecting lines. 
We employ the force-directed graph algorithm, which adds gravity 
and repulsion to the nodes through stimulating Hooker's law, so that 
the positions of the nodes in the kinematics simulation would 
consistently adjust until the system reaches a stable state. 
Furthermore, in our case the number of nodes is normally fairly 
high and the nodes would appear too dense in a 2-d plane so a three-
dimensional force-directed graph is rendered for the visualization 
(See Figure 4) 

 

Figure 4: Force-directed graph based keyword analysis tool 

5 CASE STUDY 
In this section we analyze the History of Ming through our 

keyword analysis system and demonstrate its utility by conducting 
two user cases. 

5.1 Word Cloud of the History of the Ming (1368-
1644) 

The word cloud provides an intuitive view of the weight of 
different words by assigning the font size in proportion to its 
weights. It not only allows readers to quickly capture important 
words with larges weights, but also brings a wider range of words 
to the reader's attention. In the field of journalism, the word cloud 
is often used to show popular words for a particular period of time. 

Inspired by this concept of popular words in the field of 
journalism, we assigned the number of occurrence of a noun as its 
weight and thus generate a word cloud of the History of Ming. The 
high-occurrence nouns to an extent reflect the main contents of the 
History of the Ming. Those nouns either represent the factual aspect 
of the Ming, i.e. the eminent figures and important places and 
events of the dynasty; or embody traditional Chinese thoughts with 
a strong sense of Confucian values. 

The Ming dynasty is widely recognized as being ruled by a 
highly autocratic government. In our word cloud in Figure 3 the  
“official” (官) , "minister" (尚书)，"imperial censor" (御史)，
"prince" (王 ) pop up as high-occurrences nouns. In particular 
"Hongwu" (洪武), the reign title of the founding emperor of the 
dynasty, which refers both to the reign (1368-1398) and the 
emperor appear among the most visible nouns. The founding 
emperor laid the institutional foundation for the entire dynasty and 
thus played a significant role in the history of the dynasty.  

With a closer inspection we can detect the names of other 
historical figures such as "Xu Da" (徐达， a famous general of 
early Ming period)，"Li Wenzhong" (李文忠 , nephew of the 
founding emperor) and "Zhang Cong" (张璁, a eminent official 
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involved in a major political event in the mid Ming) etc. This  
suggests  the History of Ming sets their focus on elite class.  

The terms such as "Army of prince of Yan" (燕兵), "prince of 
Yan" （燕王）and (the city of) "Beiping" (北平) are also fairly 
visible in the word cloud. These are the keywords of the prince of 
Yan's (also known as the emperor Chengzu of Ming, reign 1403-
1424) usurpation of the throne and his subsequent relocation of the 
capital from Jinling (modern Nanjing) to Beiping (modern Beijing). 
This event is one of the turning points of the dynastic history. 

The other group of visible nouns includes "family" (家 ), 
"heaven" (天),  "rituals" (礼) which is highly relevant to Confucian 
values.  

Our word cloud of the History of Ming offers an intuitive and 
structured insight into its content. To an extent through data 
analysis it provides important evidence which proofs the general 
impression regarding the nature of the dynastic history as a history 
of eminent people, the historical events that were centered with 
them and the traditional values that were propagated by them. 

5.2 Keywords Analysis 
Besides the global view of the main elements of the History of 

Ming provided by the word cloud, our system also offers a close-
up view of a chosen keyword and its relevant nouns through the 
force-directed graph.    

Figure 5 illustrates a force-directed graph with the keyword  
"Wang Shouren"(王守仁, 1472-1529), a famous official-scholar of 
the Ming dynasty. In this graph a number of nodes stand for his 
works, for example the "instructions of practical living" (传习录) 
and the "complete collection of Yangming" (阳明全书) which 
reflects his scholarly contributions while "demotion to [be a 
governor] of Longchang" (谪龙场), "protector of the south" (抚南) 
and "protector of Ganzhou" (抚赣州) refer to his political career.  
The automatic generation of force-directed graphs over keywords 
would be especially useful for the construction of knowledge maps 
of historical words.  

 

Figure 5: Force-directed graph of Wang Shouren 

 

6 CONCLUSIONS 
In this paper we present a system that applies the research 

method from data science to historical research. We developed 
tools for data analysis and visualization by constructing word cloud 
and force-directed graphs over the corpus of the History of Ming. 
Obviously, these tools can be applied to the corpus of any Chinese 
historical works. This system is a step towards a cross-disciplinary 
solution for history research which could replace a large amount of 
manual work of information extraction from historical texts and 
analysis with computer-assisted automatic extraction and analysis. 
Furthermore, the intuitive visualization by our system also enables 
amateurs to have a better grasp of the main content of historical 
texts, which suggests its good potential in history education. 
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