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Abstract: Objective Under the background of big data, this paper analyzes the visual construction
of the data relationship. Method Combining with the related theory of cognitive psychology and
graphic design, this paper aims to summarize the design principles of data visualization.
Conclusion Big data visualization should follow six design principles, namely, accuracy, intuition,
vividness, image reading, simplicity and dynamic hierarchical information presentation, and the
future big data information visualization will develop towards the interactive, dynamic orientation.
Keywords: big data; visual construction; information visualization.

INTRODUCTION
Since the concept of “big data era” was proposed, big data science is becoming a

hot issue of research as an emerging cross-disciplinary subject. It is known to all that
the big data is characterized by 4V, namely, volume, variety, velocity and variability
(Liu and Zhang, 2014). Data analysis is the core of big data processing, but the result
display of data analysis is more concerned by users. Therefore, improper display
methods are likely to make it difficult for users to understand or are even misleading.
As the best way of display, the visualization technology can visually display the result
of data analysis (Meng and Ci, 2013). To quickly find the value in the rapidly
changing diverse mass data, big data visualization is a very effective exploring tool in
this regard.
So, how does the visualization help researchers establish data relationship and what

principles should be followed in the process of visualization?

THEORETICAL BASIS OF BIG DATAVISUALIZATION
Basis of Information Visualization

From the perspective of supporting discipline, cognitive psychology and graphic
design are the two major foundation disciplines for information visualization.
Cognitive Psychology. Cognitive psychology is one of the main development

orientations of today's psychology, which explains the psychological process by
information processing and explores the human internal psychological mechanism via
the information processing theory and methods.
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Graphic design. Graphic design refers to the form of visual design to create
graphics through a variety of means and convey the ideas or information by
combining with images, words, symbols and colors. It involves the abstract extraction,
induction, deformation and exaggeration of the visual information to make artistic
expression by integrated use of point, line, surface, volume, color, light, texture,
perspective and other visual elements as well as the artistic rules including density,
rhythm, composition and proportion. Meanwhile, the combination and arrangement of
graphics and text are also an organic part of graphic design.
Graphic design has been closely linked with psychology. Through systematic

analysis on the mental efficiency of shape, color, location, space, light and other
visual elements, Rudolf Arnheim (1998) pointed out that “Like scientists, artists hunt
for things with universal significance by elements such as shape and color”. Needless
to say, designers must consider the viewers' psychological factors when conveying the
information to them via graphics.

Classification of Big Data Visualization

Data visualization is divided into 4 types: 1) text visualization, 2) network
visualization, 3) temporal data visualization, 4) multi-dimensional data visualization
(Ren, Du, Ma, Zhang & Dai, 2014). Typical text visualization technology refers to the
tag cloud, semantic structure visualization; the technology of network visualization is
the node and edge based visualization, including H-shaped tree, conical tree, balloon
map, etc.; stream map, three-dimensional space-time are the commonly used methods
of temporal data visualization; while the methods of multi-dimensional data
visualization is scatter plot, project and parallel coordinates.

Visual Variables

The selection of visual variables will affect the quality of information presentation.
Song Shaocheng, Bi Qiang, Yang Da divided the visual variables into 7 categories:
location, shape, orientation, texture, color, gray scale and size; likewise, some
scholars divided color into hue, lightness and saturation (Song, Bi& Yang, 2004).
See Table 1 for the visual variables shown in graphical form by Song Shaocheng et.

al.

Table 1. Perceptual Properties of Visual Variables

Connectivity Selectivity Order Quantity
Location + — — —
Shape + — — —
Orientation + 0 — —
Color + ++ — —
Texture 0 + 0 —
Gray scale — + ++ —
Size — + + +

Note: ++excellent; +good; 0 medium; —poor

It is not difficult to see that the variables in the left come from graphic design and
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the perceptual properties on the top are in the scope of cognitive psychology. Among
them, color is the most prominent element in selectivity. For example, we make the
massive general information in green whereas highlight the selected information in
purple. Similarly, texture is also outstanding in terms of selectivity. For instance, we
can represent some graphics by slashes, while represent others in grid for
distinguishing, but this way of representation is not as significant as color difference.
Gray scale refers to mix a color with different proportions of black or while to exhibit
stepped difference, which has obvious advantages in terms of order expression.
Variables like location is advantageous in connectivity, such as in the visualization
design combined with maps, the information has a natural connection with its
location.

DESIGN PRINCIPLES OF BIG DATAVISUALIZATION
Andreea MOGOS (2012) proposed a set of general rules should be observed by

information visualization: display the data; induce audience to think rather than
convey methodology; graphic design or technological graphic production; avoid
distorting the information embodied by the data; display big data in a smaller space;
guide the sight to make comparison between different data; display the data in detail
at different levels Xu Linjia (2013) believed that the ordinary chart cannot meet the
needs of big data visual display and the visualization display should reveal the true
meaning of data by clear and beautiful icon. Wang Bin (2013) claimed that the core of
information visualization is to display the data in a certain situation. Gao Liwei (2013)
proposed that the virtual reality technology should be applied in information
visualization, so as to provide great flexibility to big data exploration and cognition.
The above viewpoints discussed the principles of big data visualization from the

perspective of visualization technology or news report, but they ignored the pillar of
information visualization, that is, to elaborate from graphic or cognitive perspective.
Combining with graphic design and cognitive theory, the design of big data
information visualization should follow six principles listed below:

Principle of Accuracy

Accuracy is the most basic principle of big data visualization. To convert a variety
of complex information into visual information, it is inevitable to lead to bias or
ambiguity on the interpretation. First of all, the principle of accuracy emphasizes no
distortion of the meaning conveyed by data. Second, the data should be clearly
described to create certainty. We know that less information in the image makes easy
understanding and vice versa, so we need to make the information clear through
information dimension. For more complex information, the data accuracy should be
enhanced by establishing coordinates, scale and scope.

Principle of Intuition

When the big data chart filled with complex lines and colors, users will be puzzled
and dazed. Big data information visualization is not only to convert information into
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abstract geometry and color to directly present to the user, but more of visually
expressing the relationship between the information in the way understandable to the
user. “Relationship” is the core elements of big data, but also a highly variable
element. In particular, to present the abstract relationship in the form of image by
concrete visual elements, the graphics, colors and way of expression selected by the
designer should be intuitive and easy to understand, which is why map, geometry,
color and other most basic elements are most frequently used in the visualization
design.

Principle of Vividness

To extract the abstract relationship between information from the huge database and
present to the user via visualization, we need to pay attention to the design vividness.
As users cannot directly come into contact with the fresh, specific, detailed
information, they usually have a sense of distance and estrangement of the presented
macro relationship. As a result, the dull screen will let users quickly lose interest and
willingness for further reading. On the contract, vivid and creative screen cannot only
attract users to read in depth, but can also help them quickly grasp the design intent.
The principle of vividness requires the visualization information to be artistic and

display the visual information by creative graphics and presentation techniques.
Presentation is an important criterion for the evaluation of visualization effectiveness.
An effective way to realize vividness is to give a context to the information, allowing
readers to comprehend the information in a particular scenario, with a stronger sense
of substitution. Maps, figurative icons, real photos are conductive to creating
situations (Yang, Liu & Qi, 2014).

Principle of Image Reading

Someone will ask is visualization actually the image reading, the answer is no.
People have different sight movements and information grasp ways in reading text
and images. When reading the text, the sight movement follows the direction of text
writing in sequential, linear movement, and there is little possibility for the occurrence
of jumping reading. However, in reading images, the sight jumps freely in the picture,
without fixed rule and direction. People can start from any location on the picture and
view in random without affecting their understanding of the drawing.
Although some information visualization design converts text into charts, people

still need to follow the rule of reading from left to right, from top to bottom, which is
not the way of observation in image reading. Perhaps it is helpful for understanding
the existing logic information, but it is not conductive to innovative finding and also
does no good for users to explore the new relationship between different data in
comparison.

Principle of Simplicity

In face of the big data, any kind of picture is too small to present all the data.
Therefore, the picture visual elements are required to be as simple as possible. It's true
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that every element has the necessity to show up, but redundant element will make the
picture even more complicated, and consequently hide the valuable relationship.
George A. Miller pointed out that only limited amount of information can be accepted,
processed and memorized by people in a short time, particularly the abstract or
infrequently used data (George, 1994). Hence, “less is more” is an important principle
in the field of design, and only straightforward visual design can produce high
efficiency.
Systematic graphic construction is essential to achieve the aesthetics of

visualization. Axes, unified style icons, reasonable layout can make more clear and
understandable information, and graphic sequence, proportion, magnitude helps to
establish the data relationship. Color is the strongest visual elements in the picture. In
addition to the inherent physical properties, colors analyzed by spectra also have the
significance of color psychology and association. For example, the warm color with a
sense of progress is more likely to attract reader's attention than cold color with the
retreating sense. And the small amount of contrasting color in the large zone of
adjacent color is easier to be concerned.

Principle of Dynamic Hierarchical Information Presentation

Big data need to present massive data information, but not all users have similar
demand on data. They may need the information from a macroscopic overview or
from a specific side. Therefore, it is necessary and effective to make dynamic
information display at different levels.
We need to enable users to achieve the conversion of information at different levels

through simple interaction with computer. Like Google Earth, users can view the map
in any scale by controlling the mouse wheel. In this way, they can observe the earth as
a whole, and also constantly focus on different cities or even buildings. As a result,
information at different levels can be successively presented based on users' needs.
The aforementioned principles are fully reflected in the "Breaking Bin Laden"

released by Social Flow (see Figure. 1). After the extensive analysis of near
15,000,000 Twitter messages related to Bin Laden, Social Flow created this
galaxy-like flow chart. This figure accurately displayed the information transmission
process in Twitter. The blue white names in the black background converge into
optical clusters in different sizes. Like the outbreak of galaxy, it is not only innovative,
but also exhibits the artistic charm of figures. By visual comparison of the "cluster"
sizes, we can easily find that a little-known player Keith Urbahn is the most
influential newsmaker. The reader's sight can jump on any cluster to compare and find
the links. Of course, the most striking is still the two largest clusters, Keith Urbahn
and Branstelter. The figure only presented the transmission of messages related to Bin
Laden, and all irrelevant information was omitted. Moreover, the username and the
relationship constitute the abstract combinations of points, lines and surfaces,
streamlining the picture elements to the extreme.
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Figure. 1 Breaking Bin Laden (www.socialflow.com)

THE DEVELOPMENT TREND OF BIG DATA INFORMATION VISUALIZATION
Currently, there are few big data combining researches on information visualization,

and most of the research results were produced prior to the emergency of big data. On
one hand, it may be caused by the fast outbreak of “big data” concept, while the
relevant research still focuses on the technical level. That is to say, the study of "data"
visualization has not ascended to the level of social research and has not studied the
"information" visualization from the perspective of information receiver. On the other
hand, the other pillar of information visualization, graphic design has been based on
practice. At present, it is still in the personal design experience summary stage of the
big data information visualization, and is unlikely to produce systematic theoretical
results. With the accumulation of big data visualization design results, the future data
visualization will more focus on the elaboration of big data from the receiver's point
of view, pay more attention to the selection and use of graphics and the visualization
results will show a more diverse look.
Meanwhile, the future big data visualization is bound to be interactive and dynamic.

On one hand, big data are updating and generating at any moment, and it is a mission
impossible for the static graphics, so we must change with the data development. On
the other hand, people will be included in the big data interactive experience to learn
and participate in the analysis, even with the intervention of biotechnology of
brain-machine interface (Chen and Lu, 2015), which will provide them with more
observation perspectives and opportunities to find new relationship.
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