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
Abstract—The paper describes the use of visual interfaces 

whose main purpose is to represent a set of minimum entropy 

data to an end user. The aim of this paper is to study and 

evaluate existing visualization interfaces and determine which 

of them are ideal for adoption in mobile devices, in order to 

achieve this we compare traditional visual metaphors as bar, 

map, treemap, linear and circular graphics. We detail the main 

advantages of each of the types of data visualization. We have 

identified through usability techniques that the adoption of 

different characteristics of each visual metaphor points to a 

circular interface circular as having features for handling 

hierarchical and multivariate data. In other metaphors, an 

aesthetics analysis is also made; the results are presented in 

comparative tables.

Index Terms—Visualization, metaphors, circular interface, 

mobile devices, hierarchical data and multivariate data 

usability.

I. INTRODUCTION

Information visualization is an emerging area of interest 

of transversal and interdisciplinary character [1]. An 

important dimension of the problem is that which relates 

access to large volumes of information with the generation 

of knowledge [2], since large volumes of information 

processed by computer must demonstrate relevant and 

effective information on short reports that are appropriate 

for rapid decision-making by observant [3] users. These 

visualization representations must therefore be adapted to 

concepts of usability [4].

What visualization representations are better perceived 

and used by end-users? What aspects of cognition and 

perception influence learning to understand the visuals that 

display information on mobile devices? These and other 

questions are faced in this work.

To address the problem this quantitative descriptive 

research was developed which allows, through the use and 

evaluation of survey results, to establish which 

visualizations are the most appropriate when used on mobile 

devices. The surveys will be completed by a sample of 

teachers and assistants schools in the department of 

Arequipa Peru.

The research results may be applied in the construction 

and adaptation of applications on mobile devices, thus time 

and resources will be saved by identifying the strengths and 

weaknesses of each visualization interface. The article was 

divided into three parts which consist of theoretical 

framework, comparison and discussion.

II. THEORETICAL FRAMEWORK

We understand by information visualization the use of 

interactive interfaces whose main purpose is to represent 

with minimal visual entropy a series of data to an end user 

[5]-[7]. Information visualization is characterized by:

• Transforming raw data into relevant information.

• Find the minimum loss of information in this 

transformation.

• Target users interact, transform and interpret this 

information.

The first feature that captures the essence of the 

information visualization is the value of data as a basis for 

presenting them through visual metaphors. There are several 

advantages to represent data using metaphors, such as 

increasing human memory and cognitive analysis, among 

other characteristics studied [8].

The second feature refers to entropy, that is, the amount 

of information loss when transmitting data in a 

communication channel and render it in metaphors [9].

The third feature focuses on Human-Computer Interaction. 

The importance of including the human operator in the 

definition of Information Visualization is that all appropriate

visualization process should be aware of the perceptual 

limitations of the human being, and his or her experience 

with the device.

It is understood that by viewing information as 

communication interface between user and data, it is 

possible to understand the importance of design 

visualization environments (metaphors) through analysis 

detailing their individual advantages and disadvantages for 

use on mobile devices.

A. Bar

Bar graphics are one of the most common ways to 

visualize data because the comparison of information is fast, 

high and low points are revealed to the naked eye. Bar 

charts are especially effective when you have numeric data 

that are divided neatly into different categories so that you 

can see, quickly, trends in the data [10].

Advantages:

• Helps the user to quickly compare the related 

information, rather than go a lot of information to 

answer a question.
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•

colors to present information provides immediate 

understanding.

• To use stacked bar or bars side by side. Related data 

visualization on top or next to each part, provides 

depth analysis and addresses multiple questions at once.

Disadvantages:

• Their demand use large amount of screen space as 

working with multiple variables.

• The presentation of multiple data require a three-

dimensional space.

B. Line

Line charts connect individual points of numerical data 

and the result is simple and displays a sequence of values 

[11].

Advantages:

• The main use is the visualization of trends over a 

period of time.

Disadvantages:

• It makes use of a lot of space on the screen leaving 

unused pixels.

• Limitations in combining of multiple variables.

• Exploring its detail is complicated.

C. Circle

Circles graphics should be used to show relative 

proportions or percentages information. The number of 

elements compared in a pie chart may be large [12].

Advantages:

• The simple presentation of information makes it 

accessible to users of all ages and educational levels.

• Your understanding is immediately by the user of what 

you're trying to communicate.

• The space management is optimal.

Disadvantages:

• It is not easy to plot multiple data.

• The distribution on segments often produces overlap.

D. Map

When some kind of location data is had, like country 

names or custom geocoding, we prefer to see the data on a 

map [13].

Advantages:

• Viewing geocoded data.

• Easy management of geo located.

Disadvantages:

• Use is limited to location information.

• Difficulty of handling multiple variables.

• Its abstraction is confusing for new users.

E. Treemap

The treemap are perfect for displaying large amounts of 

data in a hierarchical structure (tree structure), the display 

space is divided into rectangles that are assigned a size and 

an order based on a quantitative variable. Levels of a 

treemap hierarchy are displayed as boxes containing other 

boxes [14].

Advantages:

• Handling multiple data.

• It employs the most of the screen space.

• Data management in a hierarchical fashion.

Disadvantages:

• eye.

• The presentation of multiple data is unclear.

• The subdivision lot produces eyestrain.

F. Aesthetics

It refers to a visually pleasing design. It should be simple, 

i.e., facilitate the work without causing distractions. In the 

following items the corresponding sub-features are as 

follows:

Source: the font type and size is very important. That is, 

the shape and size of the font should be readable type and 

size of letters used in the interface.

Colors: refers to emphasize how important without 

overloading the vision. It is advisable to use between 4 and 

7 colors to avoid eyestrain [2], [15], especially strong light 

tones reserving for important information. The combination 

of colors should be distinguishable if desired separate 

information. The attributes used to measure this feature are:

• Which colors are used.

• Harmonious combination.

• Predominantly light colors.

III. COMPARISON

For the presentation of information on mobile devices 

whose optimum size does not exceed 10 inches [16], it is 

necessary to meet requirements that none of the traditional 

graphics meet, so it is necessary to unify the most 

outstanding components to define an appropriate metaphor, 

we can mention the main ones:

• Use of screen size.

• Handling multiple variables.

• Hierarchical data management.

• Adaptable Aesthetics.

• Do not cause eyestrain.

Therefore it is determined that the graph in treemaps, 

circular rods meet the requirements for what must be to 

unify a metaphor based on the 3 traditional graphics.

• Manage hierarchical data as do Treemaps.

• Manage space in a pie chart.

• Manage variables as the bar graph.

• Use of easily distributable colors for circular and bar 

graphics.

• Avoid eyestrain graphic circle.

TABLE I: TYPE SIZES FOR CAMERA-READY PAPERS

Bar Linear Circle Map Treemap

Multivariable 

presentation 1 1

Use of space 1 1
Temporary 

presentation 1

Easy explanation 1 1 1

Simple presentation 1 1

Low entropy 1 1

Under overlap 1 1 1 1
Hierarchical 

presentation 1 1
Presence of 

eyestrain 1

It is determined that no metaphor meets the requirements 

to visualize the data, therefore it is necessary that a new 

Difficulty compression to the nakedThe colors in the bars give greater impact. Overlapping 
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metaphor meets the requirements of handling raw data. In 

Fig. 1 we can see the unused space on the screen of the 

mobile device, you can see that in the bar graph wastes more 

than 60% of screen space, the circular graphic wastes 22% 

while the treemap chart uses the entire screen space.

Fig. 1. Space metaphor on screen.

To meet the requirements it is determined that the pie 

chart incorporating the attributes of bar graphs and treemap 

presents an appropriate hierarchical management through 

layers that can be seen in Fig. 2 and internal to handle 

multiple variables distribution, this can be observed in Fig. 3

Fig. 2. Management layers in a circle metaphor.

Fig. 3. Distribution for handling multiple variables.

In Fig. 4 we can observe the distribution on the screen of 

a mobile device, it must use the maximum space and 

produce no overlap.

Fig. 4. End metaphor user in mobile.

The proper use of a information visualization metaphor 

showing users quick and concise information to avoid visual 

entropy makes the circular multilevel metaphor appropriate 

to present information, although not all advantages of 

traditional graphics are satisfied it does encompass most of 

them and can be applied by developers and people interested 

in the subject.
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