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Abstract. Big data visualization is a rapidly developing field, and various new technologies and
methods continue to emerge, making big data visualization widely used in various fields. With the
advancement of technology and the expansion of application scenarios, big data visualization will
continue to play an important role in the future. This paper adopts the co-word network analysis
method to conduct bibliometric analysis of the relevant research of big data visualization in China
from 2012 to 2022, identifies the hot spots and connection points in the field of big data visualization
in China by drawing a knowledge network map, shows the research structure of big data
visualization through visual analysis, and predicts the future research development trend on this
basis. The results show that seven knowledge points, such as "data analysis", " visualization
analysis" and "big data technology", are the current research hotspots in the field of big data
visualization, which determine the development direction of future research.
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1. Introduction
In recent years, big data visualization has been applied in many fields, since 2000, the rapid

development of the Internet, big data has become high-value information, but due to the limitations
of technology, lack of high-tech achievements [1]; for the study of visualization, scholars mostly
use the methods of co-word analysis and social network analysis [3,4,] to explore the current
situation of data visualization.

Although big data visualization is the hottest research topic at present, most of the domestic
works on data visualization are translated foreign literature, and high-value academic papers are
often aimed at data mining, algorithms and other aspects [14]. Therefore, it is necessary to use
quantitative analysis methods to carry out systematic structured analysis of research related to big
data visualization [5], analyze the internal relationship between knowledge topics and knowledge
points in the field, and visualize the research results. Based on this, this study adopts the
bibliometric method to analyze the keywords of the representative big data visualization research in
China in the past ten years, and identifies research hotspots and discipline development trends by
drawing a knowledge network map.

2. Research methods and data processing

2.1 Research methods
Bibliometrics is one of the most effective theoretical methods for studying discipline structure

and predicting discipline development trends, mainly including co-word analysis [9] and co-citation
analysis [10]. The method selected in this study is co-word analysis, which conducts bibliometric
analysis of representative research on big data visualization in China, focusing on the research
hotspots and structure of domestic big data visualization and the future development direction.

In terms of specific research design, factor analysis and multi-dimensional scale analysis are first
used to conduct a preliminary analysis of the research structure of domestic big data visualization.
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After that, the centrality and connectivity analysis of the big data visualization network is carried
out to identify research hotspots and information connectivity points.

2.2 Keyword extraction and normalization
Step 1: Sample selection. In this study, core journals recognized by the National Natural Science

Foundation of China were used as research data sources, and literature related to big data
visualization research published in the past ten years was selected as research samples. With the
theme of “big data visualization”, a conditional search was carried out in CNKI database, and 698
documents that met the requirements were obtained.

Step 2: Keyword pre-statistics. First, the literature without keywords was removed, leaving 694
articles. Secondly, use NoteExpress software to count the number and frequency of keywords.

Step 3: Normalize relatively high-frequency keywords. This step is mainly divided into five
stages: relatively high-frequency keyword interception, invalid word elimination, similar keyword
merging, compound keyword splitting, and low-frequency keyword classification.

After the processing of the above steps, we finally obtained 44 keywords (Table 1), with a total
frequency of 2303 occurrences, accounting for 71.30% of the total frequency of occurrences, and an
average of 52.34 occurrences per keyword, basically covering the frontier and focus of domestic big
data visualization research in the past decade. Therefore, these 44 keywords were selected as the
research objects of co-word analysis.

Table 1. Summary table of important keywords in domestic big data visualization research
keyword Frequency keyword Frequency keyword Frequency
Big data

Data visualization
Data analysis
Visualization
analysis

Data journalism
Big data
technology
Data mining
Intelligent
computing
Artificial
intelligence

Data processing
Visual presentation
Graph analysis
Visualization

system
Social media
Public services

407
543
114
91
89
82
66
63
59
57
45
43
43
41
39

Information
visualization
Data model
Data security
monitoring

Machine learning
Data auditing
Interactive

Transportation
Data management
Visualization of
geographic
information
Database
Business
intelligence

High-dimensional
data Visualization
Bibliometrics

Knowledge graph
System

architecture

37
35
34
33
32
31
31
30
30

28
27
26

25
24
23

Citespace
Time-varying

data
Visualization
Smart Library
Visualization of

spatial
information
Urban

management
Smart cities
Virtual reality
Data fusion

Data acquisition
Data literacy
Programming
language

Data sharing
Data storage
Swarm

intelligence

23
21

20
20

19
16
16
15
13
11
11
10
9
8

2.3 Data preparation
Apply the VBA programming technology of Excel 2003 to generate a co-word matrix of

high-frequency keywords, the co-occurrence matrix is an undirected symmetry relationship matrix,
and the value on the diagonal represents the word frequency of the keyword; On this basis, a logical
matrix of high-frequency keywords is generated; According to the Ochiia coefficient [14], the
co-word matrix is converted into a correlation matrix, and then the difference matrix is obtained.
The co-word matrix, logical matrix, and difference matrix of high-frequency keywords are the data
basis for big data visualization co-word network analysis.
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BA

AB

CC
C

ABO


 (1)

(��� is the correlation coefficient between A and B,��� is the number of simultaneous occurrences of A and B, ,�� is the number
of times A appears, �� is the number of times B appears)

3. Factor analysis for big data visualization research
According to the 44 keywords selected in Table 1, SPSS software was used to factor analyze 44

high-frequency keywords, and the result was that 14 factors were formed, with a cumulative
variance of 70.101% (Fig. 2). The cumulative variance result is more than 70%, which is acceptable,
that is, 44 keywords are divided into 18 categories. However, if we look closely at the gravel plot
(Fig. 2), it is not difficult to find that from the eighth factor, the change of factors tends to be flat,
the variance explained by the first 7 factors is relatively high, and the least squares method used in
factor analysis is prone to bias during the analysis process, so when this study does cluster analysis,
44 keywords are clustered into 7 categories.

Fig. 2 Stone plot and factor analysis
Multi-dimensional scale analysis is done on the basis of cluster analysis. Results of

multidimensional scale analysis:
Stress =0.41398； RSQ =0.13166

In multidimensional scale analysis, the RSQ value is 0.13166, and the stress value is 0.41398. It
is generally believed that RSQ greater than 0.6 indicates that the degree of fitting between the
analysis results and the actual data is acceptable ; A stress less than or equal to 0.1 indicates that the
analysis results are very good, and a stress greater than or equal to 0.15 is unacceptable . The results
of multidimensional scale analysis show that although the 44 keywords meet the critical value in the
spatial dimension, the difference between them is not obvious, that is, there are more overlapping
parts. Therefore, in order to clarify the research context of big data visualization in China at this
stage, in-depth knowledge network analysis is required.

4. Knowledge network analysis for big data visualization research
Based on social network analysis (SNA) [12], UCINET 6.0 was applied to analyze the co-word

matrix of keywords and draw a knowledge network map for big data visualization research (Fig. 4).
According to the location characteristics of each keyword node in the network, the importance of
each knowledge point and the correlation between knowledge points are analyzed, and then the
current research hotspots and information connection points are analyzed.
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Fig. 4 Big Data Visual Research Knowledge Network Diagram

4.1 Network power distribution analysis
Social network analysis quantifies the power of knowledge points in big data visualization

knowledge network according to the co-word strength and co-word category, and the main
indicators are the degree centrality of nodes and the degree center potential of the network. By
calculating the degree of degree centrality of each node, the knowledge points in the forefront of
power are obtained (Table 5). Among them, the degree centrality of “Big data” in the first place and
“Data visualization” in the second place are 950.000 and 927.000 respectively, which have strong
control and influence in the network.

Table 5. Degree centrality of keywords
Ranking keyword Absolute degree centrality Relative degree centrality

1
2
3
4
5
6
7
8
9
10
11

Big data
Data visualization
Big data technology

Data analysis
Visualization analysis
Intelligent computing
Visualization system
Data journalism
Data processing
Data mining

Artificial intelligence

950.000
927.000
303.000
292.000
250.000
235.000
183.000
166.000
162.000
154.000
153.000

11.507
11.228
3.670
3.537
3.028
2.846
2.217
2.011
1.962
1.865
1.853

At present, the central trend of knowledge network degree of big data visualization research is
3.2717%, and the network concentration trend is weak, indicating that the research on big data
visualization in China is still relatively scattered at this stage. Combined with the network density,
the current network density value is 8.8585%, and the network is sparse and the scale is low,
indicating that there are a large number of knowledge points in the field of big data visualization
that have not yet been excavated, and further research is needed.

4.2 Network connectivity node analysis
In a big data visualization knowledge network, the degree value of a node represents the number

of relationships it has, that is, the kind of common word that the keyword has. By analyzing the
keyword logic matrix, 44 keywords coexisted in 575 undirected relationships, and the average node
value was 13.068. The results of the test of its distribution (Fig. 6) show that the degree distribution
of 44 high-frequency keywords conforms to the power-law distribution [9].
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Fig. 6 Distribution of degree values
The degree value of high-frequency keywords obeys the power law distribution, indicating that

the current domestic big data visualization knowledge network is a scaleless network, and there are
some core knowledge points with extensive connections in the network, and their existence makes
indirect connections between some unrelated knowledge points , which are the information
connection points of the development and evolution of big data visualization research and have
important research value. In order to identify the connectivity points in the analysis network, the
intermediate centrality and near-centrality analysis of the logical matrix of keywords were
performed (Table 7).

Table 7: Intermediate and Near Centrality of Keywords (excerpt)
serial number keyword Intermediate centrality Proximity to centrality

1
2
3
4
5
6
7
8
9
10

Data visualization
Big data
Big data
technology
Data analysis
Visualization
analysis
Intelligent
computing

Data management
Business
intelligence
Visualization

system
Public services

67.925
49.150
36.652
32.041
22.258
17.562
15.915
14.540
13.429
12.088

43.000
45.000
50.000
50.000
53.000
57.000
58.000
61.000
58.000
52.000

The existence of connectivity points provides the possibility for the integration and development
of various branches of research in the field of big data visualization research, and the
interdisciplinary zone is the high incidence range formed by new theories and new methods, so
these connection points are very likely to develop into hot topics in the future of big data
visualization research.

5. Knowledge subnetwork analysis
Although the current cross-overlapping of various branches of the field of big data visualization

is more common, and the research structure with clear boundaries cannot be formed, according to
the nature of network nodes, nodes with strong power and information control capabilities are taken
as the "key points", and "subnets" are established with them as the center, which reflect the
aggregation trend of knowledge points and represent the current domestic research theme group of
big data visualization to a certain extent.

Compared with Table 6-7, 7 key nodes with greater power and strong information control
capabilities in the network were screened out, Since “Big Data” and “Data Visualization” coincide
with the research theme, the concepts of “data analysis” and “data mining” were proposed earlier,
so they did not have the value of in-depth analysis, so other keywords were selected for analysis., so
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other keywords were selected for analysis, namely: “Visualization analysis”, “Big data technology”,
“Intelligent computing”, “Artificial intelligence”, “Business intelligence”(Fig. 9)

Fig. 9 Schematic diagram of the "keypoint" subnetwork

5.1 Visualization analysis study topic Subnetwork Analysis
From the perspective of subnet analysis, the visual analysis of big data is still the most concerned

hot spot in the field of visual analysis. Scholars apply more visual analysis to the field of
transportation, including the planning, selection, optimization of transportation trajectories, traffic
visualization is not only a chart, but also the guarantee of urban transportation.

Table 10. “Visualization analysis”Co-word Situation (excerpt)
keyword frequency keyword frequency keyword

frequency
Big data

Data visualization
Data analysis

65
16
13

Transportation
Citespace
Intelligent
computing

13
10
8

Information
visualization
Bibliometrics

Business intelligence

8
8
6

5.2 Big data technology research topic subnetwork analysis
From the perspective of co-words, data analysis and data processing are currently important

areas of interest in the research theme of big data technology. The application of big data
technology covers a variety of fields, especially in the current era of Industry 4.0, intelligent
computing, artificial intelligence, data journalism and other hot fields are also inseparable from big
data technology.

Table 11. “Big data technology" Co-word Situation (excerpt)
keyword frequency keyword frequency keyword

frequency
Big data

Data visualization
Data analysis

51
47
20

Data processing
Intelligent
computing

Graph analysis

17
9
9

Data auditing
Artificial intelligence
Data journalism

9
8
8

5.3 Intelligent computing research topic subnetwork analysis
Computing has become a key factor in formulating and promoting social development. In the

new era of digital civilization of the Internet of Everything, traditional data computing can no
longer meet the current needs, and the combination of computing and artificial intelligence has
become a frontier field. Technology is the foundation of intelligent computing, so the study of
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intelligent computing is inseparable from big data technology; Transforming data into intelligent
information can effectively help enterprises make strategies and decisions, and business intelligence
has also become a hot topic in intelligent computing research.

Table 12. “Intelligent computing” Co-word Situation (excerpt)
keyword frequency keyword frequency keyword

frequency
Big data

Data visualization
Data analysis

37
37
15

Data mining
Artificial
intelligence

Data processing

12
11
10

Visualization system
Big data technology
Business intelligence

10
9
8

5.4 Business intelligence research topic subnetwork analysis
From the distribution of high-frequency words, business intelligence research is mainly focused

on artificial intelligence and visualization systems, artificial intelligence application fields involve a
wide range, with the further development of technology artificial intelligence is also gradually
commercialized; Business intelligence is mainly the use of software and services to informatize data,
visualization system is an important carrier of business intelligence, so the research on visualization
system can promote the development of business intelligence.

Table 13. “Business intelligence” Co-word Situation (excerpt)
keyword frequency keyword frequency keyword

frequency
Data visualization

Big data
Artificial
intelligence

19
18
9

Visualization
system

Data mining
Data analysis

7
6
6

Intelligent
computing
Big data
technology
Data auditing

6
6
4

5.5 Artificial intelligence research topic subnetwork analysis
The research of artificial intelligence is mainly algorithms, data processing applications, how to

combine artificial intelligence into business is an important research topic; In addition, intelligent
algorithms in swarm intelligence research are also the focus of artificial intelligence research.

Table 14. “ Artificial intelligence” Co-word Situation (excerpt)
keyword frequency keyword frequency keyword

frequency
Data visualization

Big data
Intelligent
computing

25
18
11

Visualization
system
Business
intelligence
Big data
technology

11
9
8

Data mining
Swarm

intelligence
Interactive

7
7
4

6. Conclusion
In the research on big data visualization in domestic journal literature, keywords such as big data,

data visualization, visual analysis, data mining, data mining, data analysis will appear in many years
from 2012 to 2022. Among them, the concepts of data visualization, visual analysis, data analysis
and data mining are put forward earlier, and relevant researches tend to be mature. The advent of
big data combines data analysis, data mining and visual analysis to form the concept of data
visualization. This also lays a foundation for the research of big data visualization in other fields,
such as artificial intelligence, data security monitoring, business intelligence, etc.

The results show that although scholars have carried out a lot of research in the field of big data
visualization, many aspects are still in their infancy. Big data visual analysis aims to use computer
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automation analysis capabilities at the same time, fully tap the cognitive advantages of people for
visual information, organically integrate the respective strengths of man and machine, and assist
people to understand the information, knowledge and wisdom behind big data more intuitively and
efficiently with the help of human-computer interactive analysis methods and interactive
technology, and then related data processing foundations such as data mining and data analysis have
become hot words; China has increased the visual analysis of big data on social media, and paid
more attention to the application of big data visualization in artificial intelligence and business
intelligence.

In the current knowledge network, seven knowledge points of “big data technology”, “data
analysis”, “intelligent computing”, “artificial intelligence”, “business intelligence”, “data mining”
and “visualization analysis” are the current hot spots in big data visualization research. Among
them, the influence and control of “big data technology” and “data analysis” in the network far
exceed the rest of the nodes, and are the hot spots in the current research hotspots of big data
visualization.
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