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Interactive Data Exploration (IDE) is a common way to comprehend large volume datasets, which can help user gradually discover
his/er data interest. The core idea of IDE is discovering user’s data interest through multiple rounds of user interactions, such as
labelling data tuples. However, there is still a gap between IDE and users, especially the lack of user interactivity research and
data representation design. In this work, we designed and implemented VR-Explorer, an virtual reality interactive system on data
exploration that connects IDE with VR technology. We designed virtual interactive interfaces for each exploration step according to

the workflow of IDE and demonstrated the good usability of VR-Explorer through a study.
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1 INTRODUCTION

Interactive Data Exploration (IDE) [3] relies on system assistance and interactive guidance to extract data ranges
of interest to users from the database without the clear specification of queries. The IDE’s problem is challenging
due to the two-fold nature of the user’s data interests: 1) User interest is intangible and thus requires incremental
refinement/exploration [1]; 2) User interest is indescribable because it is often too complex to be expressed by the
user through traditional query languages (e.g., SQL) [4]. A typical Explore-by-Example paradigm [2] of IDE views the
exploration process as an iterative training process for the classifiers. Users only need to iteratively determine whether
the database tuples are “interesting” so that the classifiers can infer the interesting data region after being trained on
the labelled tuples.

IDE system has a wide range of application prospects. Starting from an IDE scenario in a comic form, as shown in
Figure 1, a reader wants to find a book of interest in the library. However, his interest is so uncertain that it is hard
for him to express it accurately. Meanwhile, he cannot use complex information retrieval tools like SQL or filters.
Alternatively, it is easy for him to communicate with an IDE assistant, which probes and explores his query interests by
offering a few samples for him to label, and takes the feedback for recommending quality data samples and refining his

query interests iteratively. For example, an IDE assistant is on the library’s navigation website. The assistant repeatedly
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Fig. 1. A reader (the right one) who doesn’t know how to use the retrieval tools interacts with the IDE assistant (the left one) to find
his favorite books from the library database.

recommended some books to the reader and constantly located his interest according to his feedback. During this
process, readers can choose to stop or continue the interactions with the assistant.

As a technique for human-computer interaction, IDE needs to provide users with an interactive interface. So far,
existing interactive system prototypes [5] work as a backend platforms [1] [2], which are mostly on the server side.
These systems, however, lack of user interactivity research and data representation design, which makes it difficult for
users to understand the data.

Virtual reality(VR) technology can simulate user’s physical presence in a virtual environment, allow user to immer-
sively interact with virtual objects. By turning abstract data into virtual entities in VR scenes, user can understand data
intuitively. In this work, we combined IDE with VR technology and proposed a virtual reality interactive system on data
exploration, called VR-Explorer. We implemented the specific exploration procedure of user interaction according to
the workflow of IDE, and designed user-friendly virtual interfaces incorporating human-computer interactions. Finally,
we conducted a study on the car database and demonstrated that the VR-Explorer is of good functionality and usability

for public users.

2 SYSTEM DESIGN
2.1 Procedure

According to the workflow of IDE [1], we divided the interaction procedure into five stages, Attribute Selection, Attribute
Group, Initial Labelliing, Iterative Labelliing, and Result Display. We take the car exploration as the case and make a
storyboard to describe the interaction process and the design of VR-Explorer (see Figure 2). Note that VR-Explorer is a
general-purpose system that supports data exploration in any field. Just upload the dataset and replace the 3D models
in the virtual scene to make the system adapt to the corresponding field.

After selecting the dataset (Figure 2(a)), the user will enter a sci-fi style virtual room where he/she can walk freely.
The first task is Attribute Selection (Figure 2(b)). In this stage, the attributes of the dataset are displayed on the virtual
scene. User should pick the attributes that they care about. The system explores the data based on the selected attributes.
To avoid considering all the selected attributes at once, in Attribute Group stage (Figure 2(c)), user can divide the selected
attributes into groups according to his/er knowledge of the relations of the attributes. Alternatively, user can also
directly use the groups recommended by the system.

In the Initial Labelliing stage (Figure 2(d)), there is a batch of insightful samples represented as virtual entities in the

scene, which are the tuples extracted from the dataset. The user can interact with virtual entities through gesture-based
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Fig. 2. The storyboard of VR-Explorer, defining the major procedure of data exploration

manipulations. By manipulating the VR controllers, user can move, rotate, or scale the entities and observe the features
of the samples from various directions and levels. And the user can click the “Like” button with green color to indicate
that this sample is of interest to him/er, or click the “Dislike” button with red color. User’s like on these samples enables
the system to roughly determine the user’s interest. Then, in the Iterative Labelliing stage (Figure 2(e)), the system
iteratively provides updated samples to the user, and asks for his/er labelling feedback to gradually grasp the user’s
interest. User can click the “End” button to terminate the labelling if he/she thinks the values of samples meet his/er
interest.

At last, in the Result Display stage (Figure 2(f)), user can browse the data recommended by the system as the result of
the data exploration. The system also provides data plots for summarizing and demonstrating the statistical information
of the dataset and showing the relation between interest region and the entire dataset. The SQL statements are utilized

to describe the user interest at an abstract level for user with professional skills further process the data.

2.2 Implementation

The architecture of the VR-Explorer follows the C/S architecture. We choose the Unity engine to implement the client
of VR-Explorer. The ways of interacting with the interface were coded using C#. The virtual scenes and 3D models
are built based on the plugins from the Unity Asset Store. The server of VR-Explorer is running on Centos7.9. The
communication between the server and the client is completed through the Django framework. We choose to use
HTC Vive Pro 1.0 for immersive interaction, which includes a head-mounted display device, two wireless handheld

controllers, and two 3D spatial laser-tracking stations.

3 STUDY AND VALIDATION

We took car exploration as the case study to evaluate the usability of our system. We loaded a Car [5] dataset to
the system database, with 43K tuples and 10 attributes of second-hand car information on eBay. And we invited 10
participants (6 males and 4 females, all aged between 24-53, they are labelled as P1-P10) with the desire to buy a car to

undergo the study. The assistant instructed participants to wear HTC VR equipment and enter the virtual scene. And
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participants use VR-Explorer to discover their favorite cars. After the study, participants are asked to participate in a

15-minute semi-structured interview, to share their experience on VR-Explorer.

3.1 Result Analysis

Most participants found the ideal cars from different perspectives through VR-Explorer. As P3 said: “I need a car to
commute, so I mainly consider its cost performance. I particularly like the Nissan car that it finally recommended. It’s
cheap and low in fuel consumption.” P7 said, “I care more about the horsepower of the car. I hope I can drive fast on the
highway, and it showed me some good coupes.”

In addition, exploring data in a virtual environment gives participants a rich interactive experience. As P2 said: “I
feel like I have walked into the car shop, and these cars are right beside me, and I could even touch them” And P8 said:
“I can take a close look at the car and zoom in on some of its details.”

Moreover, we found that the interaction mode based on labelling enables user to quickly understand the use of the
system. As P1 said: “All T have to do is express my like or dislike, so that it can find a fancy car for me” And P4 said:“It’s
easier to answer the judgment questions than the essay questions. This data query method is much simpler than other

methods”

4 CONCLUSIONS

In this work, we designed and implemented the VR-Explorer, a virtual reality interactive system on data exploration
that connects IDE with VR technology. We made virtual interactive interfaces to cover the workflow of the IDE for
enhancing user interactivity and data representation. The final study demonstrated that the VR-Explorer is of good

functionality and usability for public users.
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