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ABSTRACT

We propose an interactive radial visualization of tabular data
optimized for mobile devices. Our visualization employs a spiral
layout, making it suitable for small handheld touchscreens. Users
can view an overview of the data, search for specific data, and
access details as needed. We hope this visualization technique will
encourage users to interact with data rather than just looking at
them passively.
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1 INTRODUCTION

We propose a spiral-based visualization that is suitable for mobile
touchscreen devices. Our visualization presents only a subset of the
data at any given time. Users can access more data by rotating the
spiral. Our goal is to improve users' desire to interact with data.

The Hundred Family Surnames contains one hundred of the
most common Chinese surnames. As we search on the internet, the
surname data is often presented in a tabular format. The 10 by
10 table (Table 1) presents the most common surnames in China
today.
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We have applied our spiral visualization model to the Chinese
surnames to verify the model's usability, and with this app, we hope
to present Chinese culture to the world. (Note: names in some other
languages such as English will not apply to this model because they
are elongated).

The remainder of this paper is organized as follows: First, we
review some related work (Section 2) in the areas of radial
visualization and mobile app development. Then, we discuss the
interactive design (Section 3) of our visualization, followed by
section 4, the algorithms we used for the spiral layout and
animation. Finally, we present some suggestions for future work
(Section 5) and our conclusions (Section 6).
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2 THEORY

Our research combines two areas of work that historically have
seen little overlap: radial visualization and mobile visualization.

2.1 Related Work

Information visualization researchers have traditionally focused
their efforts on large visual displays. However, there has recently
been increased attention on the need to bring information
visualization to small-screen, daily-use mobile devices [1]. As such,
Jin et al. [4] and Delai et al. [3] proposed visualizations designed
natively for mobile platforms. However, their approach
compromises the "overview first" aspect of the Visual Information-
Seeking Mantra [2] in that they only display snapshots of the data
at specific time intervals rather than the entire data set.

The first application of a spiral Ul to mobile devices of which we
are aware is SpiraList [5]. SpiraList employs a spiral widget to
allow one-handed navigation of a user's contacts list on a
touchscreen phone.

Although we could have rendered this data using a series of
parallel straight lines, this would reduce our visualization to a
simple table. We believe the radial approach is more visually
appealing and will thus entice users to spend more time exploring
the data.

3 INTERACTIVE DESIGN
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Figure 1
We chose a logarithmic spiral for our visualization. A logarithmic
spiral grows exponentially with the radius. Therefore, the size of
the icons increases gradually.
As a proof of concept of this spiral visualization scheme, we
have implemented the Hundred Chinese Surnames mobile app. It is
currently available on Google Play and Amazon Appstore.
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3.1 Layout

The display is divided (Figure 1) into two areas. The largest is the
spiral visualization itself. Just below the visualization is a slider
with a knob (called a "thumb") that the user can drag left or right.
The spiral view is the main view. Each circular icon represents
one surname. Approximately 60 surnames are presented at one
time, but only about twenty are large enough to show the details;



these are the focus. The remaining icons are smaller in size and are

placed close to the spiral center. They are presented for an overview.

3.2 "The Visual Information-Seeking Mantra" adapted
to small screens

Although Shneiderman's "Visual Information-Seeking Mantra" [2]
is still adhered to by most researchers in Information Visualization,
Jin et al. argue that the "overview first" approach is simply not
feasible with the small screens inherent to phones and tablets [4].

We likewise compromise on the "overview first" approach by
only displaying a subset of all the surnames on-screen at any time
rather than the entire set. However, our design does offer multiple
ways to interact with the data, as explained in the
following sections.

3.2.1 "Zoom and Filter"

Slider: Users can activate the motion by dragging the slider thumb
in either direction. Dragging the slider thumb towards the left
will rotate the spiral clockwise, causing the largest icons to slide
away from the spiral at the top of the screen and each remaining
icon in the spiral to increase slightly in size.

Buttons: Another way to activate the motion is by pressing the
buttons located on either side of the spiral. Pressing the left button
removes the largest icon from the visualization, thus rotating the
spiral a few degrees clockwise.

Direct manipulation: Users can also activate the motion by
"drawing circles" on the screen with their fingers. In this case, spiral
motion is intuitive: sliding the finger clockwise causes a clockwise
rotation in the spiral and vice versa.

Search by name: By tapping the "Search" button on the toolbar,
the user can search for a specific surname by scrolling through a list
of available names. (Figure 2). Once the user selects a surname, the
spiral rotates to bring the selected surname into the outermost ring
of the spiral.

3.2.2 "Details on Demand"

Users can tap on any on-screen icon to view the surname in a
larger font (Figure 3). Inaddition, the app also displaysa
Wikipedia article about the surname. The user can also hear an
audio recording of the surname. On the same screen, tapping the
"famous people" button reveals a list of famous people with that
surname, adding an extra layer of hierarchy to explore if desired.

4 ALGORITHM

Circles are positioned along a spiral line, with the diameters
increasing gradually from the center. As the user adjusts the slider
progress, the positions of the current on-screen surnames are
updated accordingly. Below is a discussion of how we compute the
spiral as well as the location and size of the surname icons.

4.1 Spiral Calculation

In the Cartesian coordinate system, the formula for drawing a
logarithmic spiral can be represented by the equation:
x=a cos(0)e”? y = asin(f)e?
To adapt different screen sizes:
®  We initialize 0 to approximately —5.73n radians and increase
it just over 5.57x radians.
[ ] For a, we use w/10, where w is the width of the screen in
pixels.

®  For b, we use the inverse tangent (cotangent) of 1.48m radians.

4.2 Size Calculation
To ensure all circles in between rings do not overlap, we use the

gap distances between spiral rings as the factor for sizes of circles.

4.3 Position Calculation

We hold constant the radial distance between
the circular icons on the spiral. As the radius
increases, however, the same angular distance
covers a larger linear distance (see Figure 4).
Thus, the space allotted for each icon increases
naturally as we move away from the center of
the screen.

Figure 4

5 Future WORK

We believe the visualization metaphor described in this paper can

be readily applied to other forms of data. Possible applications

could include:

[ ] History of an organization, such as a business, university, or
country

®  The succession of heads of state (i.e., kings, presidents) of a
country

®  List of scientific discoveries in a given domain.

®  Analternative representation of the periodic table of elements.

Since most mobile screens are rectangular, one possible area of
future work would be to use an elliptical spiral, rather than a
circular spiral, to make better use of available screen real estate.

6 CONCLUSION

In this paper, we have presented a technique for visualizing well-
ordered sets on a handheld device. Previous work by Jin et al. [4]
limited the number of on-screen icons to approximately 15 at a time.
By rendering the data as a continuous stream rather than at discrete
slices, our approach can accommodate many times this amount.
Although the majority of the icons are admittedly too small to
interact with, these provide useful context for the larger icons along
the outer rings of the spiral.

In addition to Hundred Chinese Surnames, we have also
implemented a few other mobile apps (Temples Timeline and BYUH
History) as practical demonstrations of this visualization strategy.
It is our hope that this model will enable more users to visualize
and interact with their data on the computing platforms they use
every day, that is, mobile devices. We also hope that our work will
inspire visualization researchers to create many more mobile-first
visualization systems for a variety of data sets and purposes.
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