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ABSTRACT
Nowadays, data is growing at a tremendous scale and to understand this data in a better and easy way, the role for
data visualization is crucial. It represents the textual information in a graphical or pictorial form which helps in
conveying essential information to the managers and business persons. But different creatures of the earth see things
differently and therefore form different perceptions. This paper elaborates the significance of visual perception in
visualizing data with the help of Gestalt principles. Apart from this, some new factors in visual perception of multi-
dimensional data are also discussed.
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I.  INTRODUCTION

Today the quantity of data is growing at an incredible rate and the ability to collect and store the data is continuously
increasing than the ability to analyze it [1]. Due to the complex nature of many problems, data visualization
becomes important for analyzing the data. Data Visualization is a graphical representation of a large amount of
complex data that is used for a better understanding of data as it is also said that the picture is worth a thousand
words. In data visualization, visual perception plays an important role. The quality and quantity of data that is being
delivered can be improved significantly with the concept of visual perception [2].

Visual Perception can be described as the way the brain interprets what surrounds us or it may be called the end
product of vision. The brain receives information from the retina and then using different hierarchical methods, go
through the complex parts of the brain to process the information. Now, visual perception becomes an essential part
of data visualization because the things or images are seen by the human brain is not a direct translation of these
things, which makes it difficult for a human to understand which things to see and which things not to see. It means
it cannot be judged that what we see. So this visual perception sometimes can also mislead people, therefore we
have to take care of Gestalt Principles which are based on the idea that how the human brain will try to interpret
things. In data visualization, we also have to take care of graphical elements (points, lines, surfaces) and graphical
properties such as size, texture, orientation, color, etc. Clevelan and McGill said in their theory of graphical
perception that some graphical properties are more important than others like their experiment where they notice
color saturation has a high number of errors make it less accurate and position aligned things contain least error
makes it more accurate [3].

The main purpose of data visualization is to help in good decision making [4]. It is important to understand trends,
patterns, and relationships from the visualizations to make good decisions. This can also be considered as
discovering knowledge from data or drawing insights from data. But the tricky thing is that the image seen by the
human eyes is not the same as is it seen or interpreted by human brains. Humans try to see the things which are eye-
catchy and the things with which he is familiar with. That is the human brain pays attention to selective things and
familiar patterns. Also, the memory of human hold a limited amount of information by looking at objects or images
as the working memory of human is limited.

Data visualization is considered effective because to take full advantage of the abilities of the brain, the balance
between perception and cognition is shifted by it [5]. Visual Perception means the things which are seen
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immediately by the visual cortex, with little effort, and is extremely fast and efficient. Cognition means thinking
which is done by the cerebral cortex in the brain and is much slower and less efficient. In the visualization domain,
human perception plays a great role as it supports the cognitive associative process [6].

Il.  VISUAL PERCEPTION

The different creatures see the world differently; that is one’s perception of seeing is different from others. For
instance, animals also see the world in different ways; like a human can see the television where it runs 25 frames
per second but it is very slow for flies. Similarly, octopuses dedicate their 50% of the brain for only seeing. The field
of vision of hare is 360 while a human can see in the vision of 160 to 240 [7]. So, we as humans do not see the full
truth of visual perception. Therefore, what one person sees can be very different from another person’s vision or
perception.

Researchers studied that people see according to their comfort and wishes [8]. For example, many people see ‘B’ as
English alphabet B while others may see it as numerical number 13. So how the human react to things or objects
depends upon its thoughts, feelings, and consciousness. As the visual perception affects the humans so it also has a
straightforward effect on data visualization, otherwise visualizations that are meant for better understanding can
mislead the people also. It depends on the human brain that how one interprets the geometrical shapes and its
relations [9]. For instance, simple data of four fruits and their number is shown in Figure 1. Data is represented in a
3D graph using excel. But it seems like the values shown on the graph differs from the original values in the cells.
So using an area for just representing fruits and its quantity makes the observations look larger than they are.
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Fig 1: 3D bar chart in Excel

I1l. GESTALT PRINCIPLES

Gestalt theory is based on the idea that how the human brain will try to interpret things. It explains how humans
make sense of objects [10]. It helps the designers to produce good symmetry in design and to achieve better visual
hierarchy. The human brain wants to group similar things. The subconscious mind will try to find patterns and
structures in the things to understand things in a better way.

1. Similarity
This principle states that the human brain will try to group similar things together. For instance, in figure 2, the
human brain will group the boxes with the same color.
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Fig 2: Similarity
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Hue and Saturation are good if used for categorical things but not for representing quantitative data [11]. If we are
talking about just one group then in visualization, it should be kept with the same color as shown in figure 3(a), and
the number of group with different colors as shown in figure 3(b).
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Fig 3(a): Bar chart with one group
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Fig 3(b): Bar chart with multiple groups

2. Proximity
This principle is based on how close things are with each other. The things which look closer human brain saw it as
a group. For example, in figure 4 two groups can be seen, left with 10 small boxes and on right with 20 small boxes.

Fig 4: Proximity

In the bar chart that is shown in figure 5, there are three different things but due to its closeness, it seems to like in
one group.
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Fig 5: Bar chart showing proximity behavior

3. Closure
This principle states that the human brain will draw the dotted lines the missing portion of the image to see the
image as a whole. This can be seen in many logos like the World Wildlife Fund (WWF), Adobe, Adidas, IBM. For
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example, in figure 6 it looks like there is a square in between the four circles, but it may be the four-quarter circles
drawn.

Fig 6: Closure

In the line graph shown in figure 7, some data is not known but the human mind will automatically generate a dotted
line in mind and complete the shape.
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Fig 7: Bar chart showing closure principle

4. Continuity

This principle tells that the human brain attempt to see things in continuity. The things which are aligned with each
other, we try to group them [12]. For example, in figure 8, it seems like a cross is made but it may be two V’s drawn
opposite to each other.

Fig 8: Continuity

In the bar chart also, it is like continuously decreasing something as shown in figure 9. So using this law we have
found some patterns in the graph.
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Fig 9: Bar chart showing continuity in value

5. Symmetry

This principle states that the human brain loves to see symmetry, simplicity, and order in things. It is also called
Pragnanz [6] which is a German word for “good figure”. In figure 10, the monochrome logo of the Olympics seems
like 5 circles are overlapping each other but it might be the number of arcs drawn.

Fig 10: Symmetry

In figure 11(a), the bar chart is unordered; sometimes it is possible to make symmetry in graphs like in figure 11(b),
the bar chart shows some dropdown in the graph.
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Fig 11(a): Bar chart is unordered

Fig 11(b): Bar chart is ordered

6. Figure and ground

The human brain tries to divide the world into two parts, figure and ground where the figure is the thing or object on
which we focus and the ground is the background. Like in figure 12, we try to see the ground as a dark color, and
light-colored is our figure.
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Fig 12: Bar chart showing figure and ground
V. VISUAL PERCEPTION: NEW INSIGHTS

Nowadays, with the increasing human-computer interaction and with the proliferation of work in inter-discipline
areas like information visualization, brain exploration, and cognitive psychology, visual perception can be benefited
especially from two areas, i.e pre-attentive visual processing and working of human attention and memory, along
with its limits. The pre-attentive visual processing is something that comes into our mind before consciously
analyzing the visual picture[13]. The expert neurons are used to handle the different stages of this process and
information is combined from various stages and form a picture in the head in the end. Another important factor for
visual perception is human attention and memory, which can be assisted to retain more information in available
memory[14]. Multi-dimensional data can be visualized by presenting its multiple views, which help in analyzing the
relations of data from multiple angles, which are not possible otherwise.

V. CONCLUSION

In this paper, we have discussed the visual perception and its importance in data visualization. It is important to keep
in mind the Gestalt Principle before drawing any visualization. By understanding these principles, designers can
make better visualizations, as these principles are the part of visual perception and therefore visual perception has a
great role in data visualization. Along with this, pre-attentive visual processing and working of human attention and
memory, along with its limits are new insights to the visual perception for better visualization of new emerging
multi-dimensional data, although, more research is needed in this area.
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