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ABSTRACT

Exploring clustered data can be difficult, in both a 2D or 3D space. This paper aims to use a
new method of exploring data using augmented reality, as well as providing different methods
of interaction based on where the user is at a given moment. A clustered data set is displayed
using augmented reality and users can freely move around the visualization to view and interact

with the data.
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Introduction

1.1 Motivation

Data can be displayed in a variety of ways, and when a set of data is shown in a 3D visual-
ization, the user can gain access to many new ways of viewing the data such as being able to
see additional angles of the data. Traditionally, viewing items in 3D on a 2D screen has been
shown to be problematic in the past, which is why we are considering augmented reality (AR).
Additionally, many projects involve interacting with data in virtual reality (VR) or AR. Ex-
amples of projects about this topic are IATK [4] and DXR [10]. These present an immersive
3D visualization experience where users can interact or view data in VR, AR or mixed reality
(MR). Although the user can have access to different ways of viewing the data such as rotating
the data set, or moving around to see from different angles, users may begin to find difficulty
in reading and understanding data in clustered data sets. For instance, a scatter plot can have
cluster(s) that obscure a piece or group of data from a specific angle. Even if the user were to
be able to freely move the model displaying the data, they may still find looking at data hidden
behind clusters to be troublesome. In this thesis, our aim is to provide a method of guiding
users to angles that may be of interest. We want to tell users the data they are looking at, as
well as what they have seen. Additionally, we propose novel tools to help the user interact with
data in different ways to better help them explore and read data. For example, we have tools to
highlight pieces of data that the user may have an interest in. Lastly, we want to remove the use
of expensive and/or head mounted devices (HMD), as we want the device to view the data to
be easily accessible to users.

A common question that gets asked about this research is “Why do this in AR in the first
place?” and “Why not just have it so the user can perform all these interactions on the touch
screen?”. This question can be answered in the case of providing the user a more natural and
fluid experience. Additionally, we can take new approaches in providing user history in an AR
experience. This idea comes from the Hindsight[5] study, as it proved that users performed
better in terms of learning and recalling data when they were able to see their interaction his-
tory. Taking this into account, since this thesis revolves around data exploration, we thought

that it is reasonable for the data to be presented using augmented reality. Additionally, the plat-
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form chosen is a mobile device, specifically a mobile phone or tablet. Using these platforms
eliminates the need for purchasing an expensive HMD, and makes this widely accessible to

users.

1.2 Problem Statement

Users who use a head-mounted device (HMD) to explore data in an immersive 3D environ-
ment, whether it is virtual reality (VR) or augmented reality (AR) tend to achieve a better under-
standing, as well as a more positive ability to recall the data they have seen [5]. While exploring
3D data in VR or AR has already been proven to provide users a positive experience, an existing
issue that occurs when viewing data on a 2D screen also occurs when using a head-mounted
device. One issue is the problem of not knowing where to go. As stated in the Hindsight [5]
project, users often are not offered a method of revisiting the data they have looked at before.
Additionally, users will not be aware of the history of data they have already explored. Some
questions that may raise during exploring 3D data would be “How did I get here?” or “How do
I go back to where I've looked before?” One goal in this project is to provide this type of context
to the user, which is the context of history. Another problem exists specifically when looking
at a clustered data set. Picture a set of data that is blocked by another set of data grouped to-
gether on a touch screen and using your fingers to rotate the model and zoom in. The same
problem is transferred over to VR or AR when moving around to get a better view. This thesis
introduces a novel method of exploring and interacting data in AR, where we include a data set
with multiple clusters. This application includes features that help guide the user in exploring,
as well as interacting with the data. In addition, we took an approach in utilizing each angle to

provide the user a different type of interaction, based on the angle they are looking from.

1.2.1 Clustered Data Sets

The main scope of this thesis revolves around clustered data sets. As mentioned before, read-
ing and understanding data when it is clustered can be difficult for the user. This problem is

emphasized when the user doesn’t have an idea of what to look for.

Figure 1.1 shows the Iris data set when rotated to one side. It appears that from this angle
the red and blue cluster is close together. However, looking at figure 1.2 it is revealed that the

red and blue cluster are not as close as they initially appeared.
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