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Abstract. This paper presents the results of usability evaluation of an Informa-
tion Visualization tool with touchless gestural commands. The tool has
well-known visualizations tasks implemented in itself, allowing users to interact
on a 3D scatterplot visualization technique. The chosen usability evaluation was
the Think Aloud protocol, together with questionnaires conducted by an inter-
viewer, both of them performed with five participants in a controlled environment.
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1 Introduction

During the last decades, the Information Visualization (InfoVis) area has been resear-
ched and improved, to the point that visualization are already used in several sectors of
industry, government and non-governmental organizations, among others [1].

When extracting information directly from raw amounts of data, humans present
difficulties to analyze and extract patterns [2]. Due to this reason, visual representations
(such as shape, size, color and spatial location) are used to communicate abstract data
attributes, thus forming an image that permits the user to view patterns and outliers or
to create many analysis scenarios, improving the user understanding about the data [4].
The user’s actions on the generated images are called interactions. Generally, users do
these interactions by desktop input devices, such as keyboard and mouse.

The data can have multiples dimensions and the use of 3D environments allows a
better spatial representation of the different dimensions in the data and its relationships.
In a 3D environment, the interaction using desktop input devices will probably need
additional interactions from users, since these interactions are meant for 2D
environments.
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This work aims to explore gesture tracking based interaction techniques n 3D
InfoVis environments and present the results of a preliminary usability evaluation.

Section 2 presents the background of the studies fields explored in this work
(InfoVis and Gesture Recognition) and the technologies used in the prototype’s
development. Section 3 describes the developed prototype, along with its functional-
ities; Sect. 4 explore the setup and results of the performed usability evaluation, and
Sect. 5 is about the considerations reached after analysis of results and future works.

2 Background

This section summarizes the main concepts for the research fields approached in this
work and the technologies used in the prototype’s development.

2.1 Information Visualization

InfoVis aims to provide information to the user, from a graphical data representation,
using an interactive computational environment and extending the user cognition [3].
Extended cognition, through data visualization and interaction, augment the user’s
ability to understand more easily data and its relationship.

In this work, we selected four 3D InfoVis tasks: overview, navigation (zoom, pan
and rotation), filter and detail-on-demand. These tasks are well-known in InfoVis,
appearing in many other studies, as showed by [5]. For the Visualization technique, we
selected the 3D scatterplot visualization technique, due to the advantages of three
dimensions over two dimensions, such as a greater number of items in the view [6] and
improvement of user’s spatial memory [7].

2.2 Gesture Recognition

Gesture is the use of limbs or the whole body motions to emphasize or express an idea
or attitude [8]. According to the proposed taxonomy [9], the gestures used in the
developed prototype are labeled as manipulative gestures. Manipulative gestures are
used to interact with objects in an environment, for example, to move or rotate an item.

Manipulatives gestures were selected for this work, because they are better suited
for interaction in InfoVis. The gestures defined for each tool functionality were selected
based on two aspects: the user’s ease to perform a gesture and the tracking device’s
capability to identify that same gesture.

2.3 Technologies

Unity. The Unity 3D [Unity] is a game engine with support to multiplatform, allowing
the development of both desktop and mobile applications. In this work, it was used
Unity 3D version 5.2.1, due to the sense of depth provided by three dimensional
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environment. The performance of the engine was another relevant factor considered
during the implementation of the prototype. When compared to applications developed
in other engines, Unity’ applications presented a better performance [10].

Leap Motion. The Leap Motion device [11] is a vision-based gesture tracking device
[12], as it spread an infrared pattern projection to identify user’s hands. Unlike Kinect,
Leap Motion detects only hands and some objects [13]. To detect the hands and
gestures, the Leap Motion defines an area above itself, called hover zone, where user
should place his hands, allowing them to be recognized. Leap Motion was selected as
device for the development of this work, because it doesn’t need the user to wear any
kind of hand or finger accessory to perform the tracking.

3 Prototype

The developed prototype shows a visual representation of data arranged by predefined
attributes in a 3D scatterplot. Figure 1D shows the main area of the visualization where
visual items will be plotted. In Fig. 1A, we can see the name of the attribute set to each
axis and its related color. Figure 1B presents the relation the visual item color and its
corresponding value in data, in this scenario, the country where the car was made.
Figure 1C, in a similar way to Fig. 1B, presents the relation between a visual item
shape and the shape meaning.

3.1 Functionalities

Menu. To access any other functionality, users must first call the menu and select an
option, as showed in Fig. 2. To call the menu, the user extends his thumb and index
fingers, making a gesture similar to an ‘L’ letter. In the menu, each option represents a
different functionality.

Fig. 1. InfoVis tool initial interface. Highlighted areas A, B and C shows information about the
represented items, while area D is where items are plotted.
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Zoom. This functionality permits the user to apply zoom in and zoom out in the
visualization. To do it, user must extend both index fingers, increasing or decreasing
the distance between them (Fig. 3).

Pan. To navigate inside the visualization, user must close one hand and open the other
one (Fig. 4). While doing this, the user can move the opened hand in four directions
(up, down, left and right), resulting in the visualization moving in the same direction.

Rotation. User can rotate the visualization in any of the three axes (x, y and z). To do
this, the user can do a swipe gesture with on hand, moving an axis in the same direction
of the gesture (example: from right to left). This gesture van be applied in the x and y
axes, while in the z-axis, user must do a circle gesture, a circular motion of one finger in
mid-air (Fig. 5).

Fig. 2. Functionalities Menu appearing in the screen

Fig. 3. User applying zoom in the visualization
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Selection. In this functionality, user can select one item to see is details (detail-on-
demand). The gesture of selection consists of the user touching a desired item in the
visualization(Fig. 6B). The detail of the selected item are displayed on the left side of
the interface (Fig. 6A).

Filter. This functionality allows user to filter the visualization by attribute. When this
functionality is selected, it calls a new menu containing all the existing attributes in the
database. After selecting one attribute, the user must select which values of this
attribute he wishes to see in the visualization. Enabled values are present as blue
buttons, while disabled values are presented as grey buttons in the interface (Fig. 7).

4 Usability Evaluation

This section describes the usability evaluation, showing its setup and obtained results.

Fig. 4. User navigating in the visualization, using the pan functionality

Fig. 5. User applying a rotation in the y-axis, from the right to left direction
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4.1 Evaluation Setup

For the usability evaluation, the Think Aloud Protocol [14] was chosen, as it allows to
analyze user factors [15]. The evaluation was performed with five participants, three of
the having already has experience with InfoVis and gesture-based applications.

Tasks were performed in a controlled environment, with video and audio record-
ings focusing on the screen and the participants’ hands, allowing later analysis of
participants’ verbalizations and interactions.

Evaluation consisted of five tasks, each one with a time limit of five minutes, a set
of required functionalities, a minimum amount of interactions for task completion, an
objective to obtain information about the user interactions or interface aspects, and a
specific complexity defined by the evaluator, as showed in Table 1. The complexity
was determined based on the minimum number of interactions, task with 1 to 5
interactions were considered of low complexity, 6 to 10 were medium and more than
10 interactions was defined as high complexity.

Fig. 6. A – Details of the selected item. B – User selecting one item from the visualization

Fig. 7. User applying filter. The blue buttons represent enabled items in the visualization, while
grey buttons are disabled items.
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The minimum number of interactions took in consideration the required steps inside
the tool to achieve the desired result, an example is presented in Table 2.

Tests were performed on a Core I7 notebook, with 16Gbyte RAM, dedicated
graphic processor with 2Gbytes RAM and 15” screen size, connected to a Leap Motion
device. Tests were performed individually with a briefing of 3 to 5 min to present the
tool features and interactions for each functionality.

4.2 Evaluation Results

All users completed the five tasks, with the average time for each task been presented in
Fig. 8. However, during tasks execution some problems were observed with interac-
tions and interfaces components.

Table 1. Description of tasks for user test

Task
Number

Task Required
Functionalities

Minimum
number of
Interactions

Objective Complexity

1 Identify cars
moved by
gasoline,
using filter

Filter 4 Evaluate
filter
interaction

Low

2 Identify cars
with high
number of
cylinders,
using
rotation, pan
and zoom.

Rotation 19 Evaluate
interaction
in 3D
space

High
Pan
Zoom

3 Identify which
countries
made cars
with high
potency.

User choice 8 Evaluate
interaction
in 3D
space

Medium

4 Select the car
with highest
RPM.

Selection 11 Evaluate
selection

High

5 Reset
visualization

Reset 1 Low

Table 2. Example of step-by-step interaction to complete a task

Task Step 1 Step 2 Step 3 Step 4

1 Call menu Select “Filter” Select “Fuel” Select “Diesel”
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Analyzing the hit and misses for each interaction and carrying out an average of all
values, we observed a hit rate of 61 % and a miss rate of 39 % in the performance of an
interaction (Fig. 9). These results demonstrate that the chance of an incorrect inter-
action was too high, affecting in user performance and his feelings, as discovered in the
think aloud protocol.

The reason behind the high miss rate lies in two factors: the leap motion’s error rate
and the selected gestures for each interaction. During tests, we observed problems

Fig. 8. Average time for each task completion with its defined complexity

Fig. 9. The average users’ performance in tasks. Blue indicates correctly performed interactions
while orange indicated errors in interactions.

262 B. Miranda et al.



related to the device’s gesture tracking, resulting in wrong outcomes for user’s inter-
action. Another observed problem was the mistaken recognition of gestures. For
functionalities as rotation, which used similar gestures for different rotations, the
chance of a wrong recognition was higher than for those functionalities with different
gestures for each interaction.

For the think aloud protocol, the recorded videos and audios, of participants per-
forming the tasks, were analyzed to extract the most relevant verbalizations. Classi-
fying the verbalizations based on user’s reactions while interacting resulted in four
categories of feelings, namely: “Confused”, “Finding”, “Frustrated” and “Engaged”.

“Confused” refers to situations where users received an unexpected outcome while
interacting, resulting in a momentary state of user not knowing how to proceed to
complete the task. “Finding” is when user discovers or perceives a new information in
the interface, for example, the outcome of an interaction in the visualization. “Frus-
trated” generally occurs when an user is unsuccessful repeating the interaction; and in
“Engaged”, users are determined to perform an interaction no matter how many times
they have to repeat it. The relation of user feelings per functionality is showed in
Fig. 10.

After finishing all tasks, users were asked to answer a questionnaire about their
experience with the InfoVis tool. The questions asked for the users’ impressions on the
tool through the rating of the main functionalities and users’ thoughts about the good
and bad aspects of the tool. The users’ average grade for each functionality is showed
in Fig. 11.

Fig. 10. The relation between users feelings and applications functionalities
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5 Final Considerations and Future Works

This paper presented a 3D InfoVis tool and its usability evaluation results. The results
presented an overview of the interaction performance in the tool, showing a hit rate of 61 %
and miss rate of 39 % per interaction, with the miss rate being too high. The miss rate is
affected by the device’s recognition errors and the selected gestures for interactions.

With the information obtained in video analysis and using the think aloud protocol,
we discovered which functionalities caused more problems for users and the reasons
behind these problems. The reason why functionalities such as pan and rotation caused
frustration on users is associated with their selected gestures. In both functionalities,
users are allowed to perform more than one action to navigate in the visualization, and
thus more than one gesture was implemented for them. However, the selected gestures
in each functionality were similar, aiming to lessen the number of different gestures
users had to perform, and this similarity caused the device to mistakenly recognize one
gesture as another, resulting in a different outcome than expected by users. At first, this
pattern caused only a little confusion on users, but with the passing time and the need to
repeat the same interaction until it was successfully recognized, user’s confusion turned
into frustration.

The same is applied to menu functionality, as among the functionalities, menu had
the highest frustration counter of all. Again, the reasons for this are associated with the
device’s recognition and the selected gesture. Interactions whose gestures involved the
use of open hands and/or extended fingers were frequently mistaken as a menu calling,
due to the “L” gesture, used to call menu, be easily recognized.

Even though there was difficulties, we observed that, for a small number of users,
the different complexities per task did not exert great influence in users’ performance,

Fig. 11. The average of users’ evaluation grades per functionality
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so although the number of interactions increased in each complexity, the users’ hit and
miss rate stayed uniform.

One of the users’ most appreciated interactions was the reset visualization gesture.
This gesture consisted of users’ clapping hands twice and almost all users made a
verbalization complementing the gesture and its interaction.

For future works, we will improve the tool, mainly the components that caused
more difficulties for the users. It is necessary to review some of the selected interac-
tions, particularly their gestures, to determine non-conflicting gestures. Another
usability evaluation will be performed, with more participants, along with a heuristic
evaluation. According to the results of these evaluations, we will propose guidelines for
InfoVis tools based on gesture interactions.
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