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Abstract. Virtual Reality has provided means to improve interface and user
interaction with computational systems. This improvement has affected directly
the degree of immersion and user interaction with computer-generated synthetic
environments, through the utilization of human senses such sight, hearing,
touch, smell and taste. This work aims to present a usability assessment and the
functionalities of an interactive and immersive virtual reality system based on
the utilization of the panoramic Oculus Rift device and interaction through voice
commands. The virtual environment adopted to be integrated to the solution is
the Google Street View through which user can visualize and navigate on.
Besides assessment, this paper also introduces the hardware and software
integration carried out, as the different phases of the development of the virtual
environment.
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1 Introduction

Currently, the technologies applied in the development of application interfaces aim at
turning users’ experience to be as natural as possible [1–5]. For this purpose, the user’s
intuitive knowledge about the physical world has been considered in order to determine
how this user interaction with the interface should be carried out. Virtual Reality
(VR) is a relevant research area in the development of interfaces that explore users’
experiences since it allows user interaction and their immersive participation with the
simulation, either through visualization devices, touch or movement capture [6].
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Indeed, VR does not constrain users only to simulation within real world, instead it
amplifies the physical and temporal perception of users, enriching information and,
thus, user’s experience. For instance, it enables users to explore a volcano in eruption
or navigate within a cell. VR has been a breakthrough within different knowledge
areas: if we consider Engineering, for instance, reducing or avoiding the construction of
mis-designed physical prototypes, or through the simulation of inaccessible or dan-
gerous environments; when it comes to health environments, it is possible to provide
realistic data analysis, patient monitoring and surgeries simulation. Clearly, the success
of utilization of these environments depends on different factors, among them usability.

The goal of this paper is to assess usability and functionality of an Oculus Rift [7]
in immersive and interactive environments using voice commands. For this purpose, an
immersive application has been developed in order to provide navigation within
Google Street View [8] – application that enables users to visualize streets and avenues.
This application applies the user’s head tracking in order to indicate which direction the
user is visualizing, and user’s voice to move around – a natural user interface.

Besides the usability assessment, this paper also presents the hardware and software
integration carried out, as the development phase of the virtual environment. In order to
achieve the proposed goals of this project the following activities were executed:

• Configuration, installation and deployment of the Oculus Rift device;
• Development of the voice-controlled immersive and interactive application;
• Execution of tests with the targeted audience, and;
• Analysis of the assessment results.

Some contributions related to the utilization of Oculus Rift can be found in the liter-
ature. Reiners [9] applied an Oculus Rift to have users immersed in an occupational
health and safety learning environment. The experiments propose relevant activities
and missions to be carried out by the user, focusing on his ability to identify high risk
situations and react accordingly. Hoffman [10] applied this device as a support to help
burn treatment. Once conventional methods (medication and therapies) are not effective
for disinfecting wounds, for stretching burnt members and for stretching affected skin,
which is painful for the patient. In this context, psychological intervention can also be
helpful as a complement to standard analgesic medication prescribed. Therefore,
patients can apply Oculus Rift in order to navigate within an ice customized envi-
ronment while he is submitted to the painful procedures required. Since the patient’s
brain has been occupied navigating within virtual environment, he forgets the pain he is
under. The paper presents an experiment carried out with an 11-year-old boy who had
several electrical and flash burn injuries in his head, shoulders, arms and feet. He went
through a 20 min session without VR in the first day, another VR session on the second
day and a session without VR on the third day. On the day the patient had VR applied
on the treatment he claimed the pain dropped from unbearable to mildly bearable.

The remaining of the paper is organized as follows: Sect. 2 describes the devel-
opment phases of the application; Sect. 3 discusses the results obtained after running
users tests; and, finally, Sect. 4 presents some final consideration of this work.
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2 Development of a Voice-Controlled Immersive
and Interactive Environment

The application adopted as basis for this implementation was Google Street View,
which allows the panoramic visualization of a location in 360 degrees (horizontal) and
290 degrees (vertical), and also supports interaction using mouse and keyboard. The
integration of this application with Oculus Rift and voice-commands provide users with
an immersive interaction with any location anywhere in the world without leaving
home. Therefore, it is also possible to visualize Google pictures of landscapes expe-
riencing the immersive feeling of being there which is provided by the virtual envi-
ronment. The voice commands were associated with action within the environment,
such as go, back, back to search page.

The application has been developed using a prototyping technique [11, 12]. The
development phases were iterative and in each development phase a new functionality
was identified and aggregated to the system. Figure 1 depicts the development life
cycle adopted:

1. Analysis: definition of environment functional and non-functional requirements;
2. Design: definition of visualization and interaction device, and application design;
3. Implementation: the code is written and the hardware is configured;
4. Testing: testing functionality and usability.

2.1 Analysis

In order to specify the functionalities of the system (application and virtual environ-
ment) the following requirements were identified:

Fig. 1. The development life cycle
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Environment Requirements: related to the physical environment where the applica-
tion is being deployed:

– The environment should be kept in silence in order to ease voice capture by the
microphone;

– User should be seat in a safe and steady place in order to avoid a possible fall since
once the Oculus Rift is being deployed user loses sight and notion of the real
physical space, and consequently loosing cognitive balance;

– The user cannot make sudden movements with his/her head in order to reduce
sickness or dizziness.

• Functional Requirements: related to the functionalities of the system.

– The system should be executed on-line in order to access Google Street View;
– The addresses collected through voice-commands should be translated to a string

which will be inserted in a text field;
– All the commands should be spoken in English.

• Non-functional Requirements: related to the response time when the application is
executed. The interval in seconds should be as small as possible between the
voice-command reception and the response presentation in order to provide a fast
information retrieval and a straightforward presentation without interruptions,
longer delays guaranteeing content integrity.

2.2 Design

Immersion is one of the important features of VR [6, 13], which can be provided by the
deployment of a head mounted display. In this project the immersion is provided by the
utilization of an Oculus Rift (Fig. 2). This device applies 360 degrees head motion
tracking in order to allow users to look around as they would do in real life, providing a
realistic experience.

Fig. 2. Oculus rift
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The application was hosted on Web servers using technologies such as Java servlets
and Javascript. The tools applied were:

• The Oculus Software Development Kit – SDK v0.3.2 [14];
• The version of Google Street View [8] applied was the Oculus Street View, which

is a version designed for this device;
• The library Annyang [15] was applied for voice recognition. This Javascript library

is oriented to web applications. Nevertheless, voice training is not applied in order
to improve the degree of voice liability;

• The Google Chromium WebVR [16] was the Web browser applied, which is a
version of Google Chrome oriented to the execution of Oculus Rift.

2.3 Implementation

This project was developed within 7 months, most of which was spent with studies on
how to develop an application for Oculus Rift.

Figure 3 illustrates the operational flow for the developed application. Initially, the
browser (in this case Chromium WebVR) presents a search page. In this page, there is a
text field which will map voice commands into a text string. The commands are captured
as voice through a microphone, as if user were typing it and clicking on the mouse.
Thus, without the need to use hands to interact with the application, the user just
pronounces the command and the local address, for instance, “Go to Wall Street New
York”. The voice command is captured by Annyang library and is sent to a servlet - a
Java program that extends the capabilities of a server. This Annyang servlet processes
information and presents it as an output text (string), which is then sent to another servlet
that applies the Google Map’s API called Geocode in order to map address into coor-
dinates. At last, these coordinates are sent to Google Street View in order to present the
required location on Oculus Rift. From this moment on, the user is free to navigate
wherever he wants using voice commands. If user provides a non-specific address, for
instance, “Go to Disney”, then a pair of unknown coordinates is presented to the user.

Fig. 3. Operational schema of the system

226 V. Farinazzo Martins et al.



2.4 Testing

The functionality and usability tests were carried out with 15 users in three different
locations: at the place where the group who developed the application lives, at the
company one of the members of the group works and at the university where they
study/work at. Initially, everyone filled out a pre-test questionnaire, which aimed at
identifying the users’ profile (age, sex, education attainment and technological liter-
acy). In order to visualize the desired location, the user speaks some of the pre-defined
commands, and the destination address. For instance, consider the command “go to”
and the address “Wall Street New York”. After this moment, the user navigated freely
in the chosen street. In the end, all the users answered the post-testing questionnaire
with questions related to functionalities and usability. The Likert scale [17] has been
adopted (Strongly disagree, Disagree, Neither agree nor disagree, Agree, Strongly
agree) in the questionnaire. Currently, it takes the application around 2 s from the
moment the user triggers his request (he/she speaks the desired action) until its exe-
cution, which is acceptable, according to the user tests. If the physical location where
the experiment is being carried out presents considerable noise from other sources, this
duration may surpass 5 s and, thus, increases the probability of erroneous recognition
of words by the application.

Table 1 depicts the post-testing questionnaire, which is applied for the application
usability assessment, considering user experience, navigation dynamics, and potential
execution errors. The questionnaire was filled out after the utilization of the application.

Table 1. Application usability assessment

System Utilization Experiences

Evaluate the utilization of the system according to the criteria below marking with an X
Strongly
disagree

Disagree Neither
agree
nor
disagree

Agree Strongly
agree

This application has a graphical
interface pleasant and
understandable

It is easy to understand what we
have to do within the
application

The interface is very intuitive
It was easy to learn how to use
the application

(Continued)
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Table 1. (Continued)

System Utilization Experiences

Evaluate the utilization of the system according to the criteria below marking with an X
Strongly
disagree

Disagree Neither
agree
nor
disagree

Agree Strongly
agree

The response time is enough
(time between address
recognition and The location
rendering)

The application works properly
as for the recognition of my
pronounciation

When I hesitate (saying words
like “mmmh”, “aaahh”), the
system ignores capturing only
the words that define the
address

When I’m navigating on Street
View the screen freezes

When I turned my head the
image gets blurred

There are some color distortions
when the 3D image is
rendered

It is not possible to visualize the
image completely

It is easy to navigate within the
application using the Oculus
Rift

I would use the application to
visit places before going there
physically

I felt dizzy when using the
Oculus Rift

Considerations about the application
Positive aspects about the
application:

Negative aspects about the
application:

Suggestions about the
application:
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3 Results

Through the results of the application of the pre-test questionnaire was possible to
determine the users profile: people between 14 and 46 years old, within which most of
the users were between 20 and 29 years old, representing half of the subjects. Most of
them with undergraduate and graduate degree, using computers more than 15 h weekly
and who already had experience with digital games. This profile also identified that the
users already apply Google Maps and Street View to search addresses.

As for the obtained results of the application of the usability questionnaire
(post-testing) it is possible to determine that:

• 54 % of the users strongly agree and 46 % of the users agree that the application
has a pleasant and understandable graphical interface;

• 54 % of the users strongly agree, 33 % of the users agree and 13 % of the users
were not sure if it was easy to understand what to do within the application;

• 47 % of the users strongly agree, 47 % of the users agree and 6 % of the users were
not sure if the graphical interface is intuitive;

• 67 % of the users strongly agree, 20 % of the users agree, 6 % of the users disagree
and 7 % of the users did not answer if it was easy to learn how to use the
application;

• 34 % of the users strongly agree, 54 % of the users agree, 6 % were not sure and
6 % of the users strongly disagree that the performance of the system feedback is
enough;

• 47 % of the users strongly agree, 6 % of the users agree and 34 % of the users were
not sure if the application works properly in order to recognize the pronunciation;

• 27 % of the users strongly agree, 27 % of the users agree, 34 % were not sure and
12 % of the users did not answer if the system ignored correctly when they hesitated
saying words like “mmmhh” and “Aaaah”;

• 6 % of the users agree, 6 % of the users were not sure, 34 % of the users disagree,
41 % of the users strongly disagree and 12 % did not answer if when they are
navigating on Street View the screen freezes;

• 2 % of the users agree, 12 % were not sure, 40 % of the users disagree and 36 % of
the users strongly disagree that when they turn their head the image gets blurred;

• 6 % of the users strongly agree, 20 % of users were not sure, 37 % of the users
disagree and 37 % of the users strongly disagree about having colors distortions
when the 3D images are rendered;

• 12 % of the users agree, 12 % of them were not sure, 20 % of the users disagree
and 40 % of them strongly disagree that they cannot visualize the images
completely;

• 60 % of the users strongly agree, 34 % of the users agree and 6 % of the users were
not sure if it was easy to get around within the virtual environment using the Oculus
Rift;

• 60 % of the users strongly agree and 40 % of the users agree that they had the
feeling of being physically present at the required location;
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• 54 % of the users strongly agree, 20 % of the users agree, 20 % of the users were
not sure and 6 % of the users disagree about using the application to visit places
before going physically;

• 12 % of the users strongly agree, 27 % of the users agree, 6 % of the users not sure,
27 % of the users disagree and 28 % of them strongly disagree that they felt dizzy
when using the device.

Through the previous information it is possible to conclude that for this group of
users:

• The application has a pleasant and understandable graphical interface;
• It is easy to understand what it is possible to do with the application;
• The graphical interface if intuitive;
• It is easy to learn how to use the application;
• The response time of the application is enough;
• The voice recognition system works properly when the user hesitates saying words

like “mmmhh” and “Aaaah” ignoring these words and capturing only important
words such as the required address;

• The image does not freeze within Street View;
• When the user turns his head the image does not get blurred;
• There are no color distortions when the 3D image is rendered;
• It is always possible to visualize the image completely;
• It is easy to get around within the virtual environment using the device Oculus Rift;
• The system provides the feeling of immersion (being physically present) within the

required location;
• Most of the users would use the system to visit the places before going there

physically;
• The feeling of dizziness varies from person to person, some persons felt it other not.

4 Conclusions

The basic human senses (e.g., hearing, touch, taste, smell and sight) have been widely
explored for the proposal of simulated virtual reality environments in order to provide
immersion (where users feel integrated with the environment), interaction (user’s
actions affect the environment) and engagement (users feel engaged with the activities
during simulation).

This work presented the development of the application that integrates the Oculus
Rift with the Street View application. The application applies a voice recognition
system to understand the required locations, contributing for a better human-computer
interaction, since users’ hands and body are free within the physical space to navigate
within the virtual environment. Tests with 15 users were carried out and the results of
this group were quite satisfactory.

According to the information collected from a group of users, it would be inter-
esting the utilization of an audio software as for future works. Two options were
proposed, the first one a pleasant background sound would be presented for relaxing
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the user navigates within the virtual environment with the required location; in the
second one, the background noise of a large city (cars passing by honking and some
persons talking) in order to simulate the physical presence.

It is clear the challenge of deploying new technologies for developers. Although
being innovative, this project also presented some challenges and drawbacks, such as
the lack of support of browsers.
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