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ABSTRACT1
The Immersive Bubble Chart is a visualization technique designed for representing semantic datasets
in a virtual reality (VR) environment. The dataset is a collection of words grouped into categories
based on their semantic similarity. Each element of the dataset is represented by a bubble that contains other bubbles in case of categories. In the area of Immersive Analytics, the advances in VR
technologies give the possibility to design more engaging experiences for data analysis, in particular
in terms of available exploration space and focus of attention. In the Immersive Bubble Chart, users
are surrounded by the bubbles and they interact with them to explore and eventually modify the elements included in the semantic dataset. In this paper, we test the proposed visualization with a semantic dataset built from Twitter and we present an exploratory evaluation performed during the
demo session at the international conference UIST 2018.
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In the Big Data era, where the quantity of data publicly available is growing exponentially, there is a
corresponding evolution in building ad-hoc tools for extracting useful knowledge for a great variety
of domains, like healthcare, marketing, politics and social computing [10]. In this context, the application of visualization techniques to create interactive representations of large collection of unstructured data, can bring several benefits, including supporting better decision making, collaboration and
information sharing among others [17]. Another interesting approach is the development of visual
analytics applications, where the advantages of the visualization techniques are combined with analytical capabilities to support humans in acquiring valuable insights from the data [11].
One of the key aspects of developing this kind of solutions is to make users feel comfortable
whilst interacting with the data and performing the tasks needed for the visual knowledge discovery
process, which according to Keim et al. [5] include analyze first, show the important, zoom, filter and
analyze further, details on demand. The interaction design depends on several factors to offer an improved user experience, including the tasks to perform, the users’ needs, and the capabilities of the
technologies employed for the visualization.
Focusing on the technologies, the progresses of commercial VR headsets has fueled advances in
the design of more natural and engaging VR experiences in different domains of application [1]. In
particular, by the end of 2014 the area of Immersive Analytics started to call the attention of researchers coming from a wide range of disciplines [2]: data visualization, visual analytics, virtual reality, computer graphics, and human-computer interaction. Immersive Analytics aims at designing
3D data analysis applications in immersive environments. Users are fully immersed in a VR space
where data are represented as virtual objects [2].
In this paper, we present our contribution to the area of Immersive Analytics with the design of
the Immersive Bubble Chart [7]. The Immersive Bubble Chart is a VR environment designed to visualize voluminous semantic datasets. The dataset is built through a semantic analysis that extracts and
categorizes relevant words from corpus of documents based on their meaning. The result is a hierarchical structure whose elements are related according to several semantic relations, including synonymy, hypernymy, and hyponymy. The proposed visualization has been designed to support the exploration of large datasets to gain knowledge. Users can navigate the bubble chart as a support to focus
on the most relevant concepts extracted and categorized from the thousands of social network messages and news published every day about a topic of interest. Navigating and learning from these unstructured datasets could be a critical task in a two-dimensional semantic space. For this reason, in
this research work we want to explore the advantages that a VR environment can offer to improve the
interaction with semantic datasets.
We have tested the bubble chart with different datasets with around two hundred terms, mainly
about politics and entertainment. In this paper we describe the visualization and the results of an exploratory study in which 11 experts on VR and AR technology participated and that was conducted to
understand the limitations and opportunities of this immersive tool.

RELATED WORKS
There are several examples of immersive visualizations developed for interacting with complex datasets. In the domain of neuroscience, Usher et al. proposed a VR environment for tracing the structure of neurons as they can be observed by a microscope [12]. Users can physically navigate the
space and to avoid confusion they have a mini-map with an overview of the neurons where they can
keep track of their current position. Another interesting example is the immersive vector field developed by Kageyama et al. [4]. In this case, even if the user can physically walk in the environment, the
interaction has been designed based on a visual menu with options to manipulate the vectors.
The benefits that immersive technologies can bring to improve the data analysis process are still
under debate. In [1], the authors point out five factors related to how the immersion in VR experiences can influence the analytical capabilities: users are physically involved in the experience (embodiment), they can be used everywhere thanks to portable devices like the Oculus Rift (mobility); multimodal interaction is supported using also voice and gaze (hand-free opportunities), the VR space can
be shared with other people (collaborative visualization), and the virtual space and the reality become
undistinguishable (the ultimate display). However, there is still a need to explore more use cases
where the utility of immersive experiences can be demonstrated beyond the “honey moon” effect associated with innovative technologies like VR.
In this paper we focus on the VR experience of manipulating data organized in semantic datasets
to support information processing in a specific domain. Since, semantics can vary from one user to
another, fixed semantic datasets can be less useful than supporting users in freely exploring and reorganizing the data space. Next sections describe the Immersive Bubble Chart interface and how it was
tested in an exploratory study.
THE IMMERSIVE BUBBLE CHART INTERFACE
The Immersive Bubble Chart is based on a traditional visualization technique called Bubble Chart,
particularly suitable for hierarchical data structures modeled in three dimensions: the x and y position
in the space, and the volume [13]. In a previous contribution, we proposed an immersive version of
this visualization for representing semantic datasets [7]. In our case, we are interested in empowering
users to manipulate the data and, therefore, they are able to grab and move freely the elements in the
space adapting the semantic hierarchical structure to their needs and preferences. The exploration
space has two different types of elements: words and categories. A word is a term extracted from the
corpus of documents that has a weight associated to represent its relevance within the corpus. A category is a group of terms semantically related through synonyms, hypernyms, and hyponyms. The applied semantic analysis to generate words and categories has been specifically modeled for gaining
knowledge from large collection of social media messages as described in [6].
In the Immersive Bubble chart, the spheres (i.e. bubbles) represent both the words (i.e. individual
bubbles) and the categories (i.e. category bubbles). The volume of the individual bubbles varies depending on the weight associated to the represented term, while the volume of the category bubbles is
an index of the number of contained elements. Moreover, the category bubbles have a transparent
texture to let the users see through them that more content is available.

Figure 1: A user interacting with the Immersive Bubble Chart
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Figure 2: The Oculus Touch controller

Figure 3: The breadcrumb on the right wrist

The system is implemented in Unity using the Oculus Rift as VR headset, and the Oculus Touch
controllers for interacting with the elements in the visualization. Figure 1 shows a user immersed in
the bubble chart, wearing the Oculus Rift and managing the Oculus Touch. In the VR space, the user
can see two red rays coming out from her hands. To show or hide the rays, she has to press the
thumbstick on the controller of the corresponding hand (see Figure 2). These rays turn green when
they are pointing to a bubble so that the user can recognize which are the selectable elements among
all the bubbles in the space. Based on this selection technique, the Immersive Bubble Chart also offers the following exploration tasks:
• Navigating the space. In order to navigate the VR space, the user can pivot the thumbstick
(see Figure 2) on either the left or the right controller depending on which ray is green. To
enter inside a category and see its content, she has just to move toward the corresponding
bubble. Once inside, to get out and go back to the previous view, she has to press the start
button (see Figure 2) on the right controller. Every time the user enters in a category, the
view of the scene changes.
• Moving a bubble. To grab a bubble and change its position, the user has to point on it (i.e.
the ray turns green) and select it pressing the trigger button (see Figure 2) on the controller
of the corresponding hand. To move the bubble in the new position, she has just to release
the trigger button.
• Zooming in/out. While the trigger button (see Figure 2) is pressed, the user can get the bubble closer or farther away using the thumbstick (see Figure 2) on the same controller. If any
bubble is selected, the zoom in and out works on the entire scene.
• Removing an individual bubble from a category. If a word has been wrongly included in a
category, it is possible to remove it, grabbing the bubble with the trigger button (see Figure
2) and throwing it to the floor of the scene using the zooming out function. The result of this
action is that the word is moved outside the current category. It is important to take into account that the chart could include several layers of nested categories. To guide the user during the exploration and keep track of all explored views, the Immersive Bubble Chart also
offers a navigational aid as a vertical breadcrumb shown on the right wrist (see Figure 3).
• Adding an individual bubble to a category. To include a word into an existing category, the
user has to select both bubbles (i.e. the individual and the category), grab them pressing at
the same time the trigger buttons (see Figure 2) on the left and the right controllers, and
bump her hands.
The assignation of the buttons of the controllers with the tasks to interact with the Immersive
Bubble Chart has been designed taking into account existing standard practices, including the Virtual
Reality Toolkit (VRTK) [15] and the Unity Integration by Oculus [14]. In the future, we are planning
to evaluate the usability of the implemented sequence of commands to interact with this kind of visualization.

USE CASE

Figure 4: The five main categories of the
Immersive Bubble Chart

The Immersive Bubble Chart has been designed to explore the opportunities that this kind of solutions can offer to improve the interaction with data analysis applications. To this scope, we have tested the visualization with a collection of tweets about the Catalan crisis of October 2017. These data
were semantically analyzed with an ontology-based method to filter and cluster relevant words [6]. In
this approach, modeling the domain of interest with ad-hoc vocabularies is crucial to determine the
relevance and the categories.
One of the characteristics of the Immersive Bubble Chart is that we wanted to maintain a journalistic perspective in the data exploration process. For this reason, there are five initial categories common to all the represented datasets corresponding to the five journalism questions: who, how, where,
what, and when (see Figure 4). These categories are included in the performed semantic analysis to
obtain the remaining structure of words and nested categories. Figure 5 shows the view from inside
the category politics, where the user can find words like declaration, crisis, and independence. Each
individual bubble has attached a flying window containing the list of tweets related to the represented
word.
THE EXPLORATORY STUDY

Figure 5: The view inside the category politics
Table 1: Questions for the exploratory study
EE1. I lost myself in this experience
EE2. I found the Immersive Bubble Chart confusing to use
EE3. Exploring this chart was taxing
AT1. The Immersive Bubble Chart was attractive
AT2. The Immersive Bubble Chart was aesthetically appealing
AT3. I felt interested in this experience
PE1. The time I spent exploring the visualization
just slipped away
PE2. Using the Immersive Bubble Chart was
worthwhile.
UB1. I was absorbed in this experience
UB2. I felt frustrated while exploring the bubbles
UB3. The Immersive Bubble Chart appealed to
my senses
UB4. My experience was rewarding.

The immersive visualization of the previously described use case has been presented as part of the
demo session of the 31st ACM User Interface Software and Technology Symposium (UIST) 2018 [7].
During this event, we had the possibility to test the immersive visualization with eleven researchers
with an extensive experience in the area of Virtual and Augmented Reality. The aim of this study was
to understand the opportunities and limitations of the proposed application for data analysis.
After a brief explanation of the functionalities associated to the buttons of the controllers, the participants were asked to freely explore the visualization trying out the different options provided by
the visualization. At the end, they filled out a questionnaire inspired by the Unified Theory of Acceptance and Use of Technology (UTAUT) [16], focusing in particular on five constructs: effort expectancy (EE), attitude (AT), performance expectancy (PE), and user behavior (UB).
The list of the items of the questionnaire is summarised in Table 1. The participants had to evaluate each item using a 5-points Likert scale, where 1 corresponds to strongly disagree and 5 to strongly agree. Looking at the mode (MD), the median (MDN) and the inter quartile range (IQR) obtained
from the descriptive analysis of the collected answers (see the box plots a and b in Figure 6), it is
worth noting that the widest consensus among the respondents has been reached about the interaction
with the application (questions UB1, UB2, UB4 and AT3). The participants felt completely absorbed
by the VR space, finding the interaction with the bubbles enjoyable and engaging. In particular, they
mostly agreed that the proposed visualization had fostered their interest in this kind of applications.
This can be interpreted as an open opportunity for designing immersive environments where the users
can interact with the datasets and improve their analytical capabilities.

(a)

Other interesting results refer to the required effort and the expected performance. The exploration of the chart has been considered easy to interact with and rewarding in terms of gaining
knowledge about the data (questions EE3, PE1 and PE2). Moreover, most participants have appreciated the aesthetical appearance of the visualization and in particular the striking design of the bubbles
and their transparent texture for representing the categories as containers (questions UB3, AT1 and
AT2).
Collected opinions seems to be slightly divided with regard to the feeling of being lost that a user
could perceive during the immersive experience (question EE1 and EE2). Apart from a 25% of neutral feedbacks (neither agree nor disagree), many respondents (42%) found the chart easy to navigate, appreciating in particular the breadcrumb available on the right wrist to keep track of the visited
views. Others (33%) had some difficulties in using the breadcrumb and remembering which category
bubble they are currently in. In this case, they have pointed out some interesting suggestions, like using a transparent background for the current view to see through it the elements included in the previous scene. Also concerning the interaction with the controllers, the respondents had opposite opinions. Despite a neutral 33%, the majority agreed with the proposed assignation of the buttons (42%),
while a 25% has proposed some kind of improvement to guide the users in choosing the right option.
An example is a sort of tooltips in the interface, to appear just if the user needs instructions about
how to use the buttons and their combinations.
CONCLUSIONS AND FUTURE WORK

(b)
Figure 6: Descriptive statistics for the exploratory study: (a) questions EE1, EE2,
EE3, AT1, AT2, and AT3; (b) questions
PE1, PE2, UB1, UB2, UB3, and UB4. The
size of each box shows the inter quartile
range (IQR); the red squares denote the
mode (MD); the black horizontal lines represent the median (MDN); and the upper
and lower whiskers are the maximum and
minimum values. The red squares and the
circles identify the mild and extreme outliers, respectively.

In the visualization community, there is a growing interest in the area of Immersive Analytics to understand how the immersive technologies (i.e. Virtual and Augmented reality) can be used to improve
the data analysis applications. There are several advantages that could be listed, like the embodiment,
the collaboration and the direct manipulation of the virtual objects, but one of the most critical aspects is to design interaction techniques that can represent an effective support for enhancing the analytical capabilities of the users.
In this context, we have proposed the Immersive Bubble Chart, a visualization for semantic datasets. Based on the traditional technique of the bubble chart, the users can explore a collection of
bubbles representing relevant topics in a domain of interest and discover how they are semantically
related.
While for the semantic analysis we have applied an existing methodology based on knowledge
modeling, in this work our focus is manly on the interaction with the virtual elements. With this purpose, we have conducted an exploratory study involving several participants at the demo session.
Even though the study results are not conclusive given its limitations in terms of the number and homogeneity of participants, their extensive experience in the area of virtual and augmented technologies made it possible to collect interesting opinions about the proposed visualization. The Immersive
Bubble Chart seems to have an appealing design to call the attention of the user and guide them in
exploring the contained data. In particular, the participants recognized their interest in this kind of
experiences to gain knowledge from large datasets. This idea is in particular supported by factors like
feeling absorbed by the surrounding space and finding the interaction engaging and enjoyable.
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The information collected will serve to improve the application, enhancing the interaction with the
virtual objects and facilitating the exploration of the data space. Also, we plan to include more mechanisms to keep track of the visited views, as for example a mini-map with an overview of the entire
chart or visual tooltips containing suggestions about the available options.
In the future, we are planning to conduct more empirical studies, varying the size of the datasets
to better understand which analytical capabilities are needed in these situations and how to take advantage of the 360º VR space. In case of large datasets, it could be quite complex for a user to explore manually all the individual and category bubbles in the scene. It could be interesting to introduce some kind of automatic mechanism to filter out the virtual elements depending on the objective
of the data analysis.
This work is part of a more extensive research in the area of Immersive Analytics that we are carrying out. Our aim is to apply the experience that we are gaining in the interaction design for immersive technologies to different kinds of visualizations, including the geographical maps.
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