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A B S T R A C T

Omnidirectional treadmills (ODTs) have been traditionally proposed as a promising solution for users’ naviga-
tion in large-scale virtual environments. These mechanical devices enable users to perform locomotive motion
with 360-deg freedom, while keeping their position fixed in the physical world. However, most locomotion
approaches based on omnidirectional treadmills have presented either high acquisition or maintenance costs,
being the capabilities of the general public, or a limited reliability. In this paper, we present a comparative
usability and acceptance study with real users evaluating the two most common approaches for the development
of this type of Virtual Reality (VR) walking simulators, whether flat-based or bowl-based omnidirectional
treadmills. The results of our study indicate that both design alternatives accomplish a similar performance and
can be considered as personal, low-cost walking simulators for navigation in virtual environments. Nevertheless,
when compared between themselves, the users preferred the bowl-based omnidirectional VR treadmill when
following three different selection criteria: overall preference, recommendation, and usefulness. Last, a corre-
lation analysis showed statically significant correspondences among the parameters concerning to the simulation
presence, which in turn, are related to the global scores and responses given by the participants of the Virtual
Reality experiment.

1. Introduction

Users’ navigation in virtual environments is a fundamental chal-
lenge that has been widely addressed in the scientific community [1].
Among other alternatives, the omnidirectional treadmill (denoted as
ODT) has been considered as one of the most promising solutions for
allowing users to walk or even run in virtual environments [2]. Fun-
damentally, these devices enable users to move around with 360-deg
freedom while keeping their position fixed in the physical world, si-
mulating an infinite ground for walking in any direction [3]. This near-
natural walking is usually achieved by a basic mechanism consisting of
on a continuous conveyor or a static sliding surface where the users
walk, usually supported by a body harness. Since most body harness or
standstill devices allow the user to physically rotate through a full 360
degrees, omnidirectional treadmills can generate motion in any direc-
tion [4]. Although some commercial omnidirectional treadmills have
been released as potential to generate the feeling of walking, most of
the products have lacked an affordable, intuitive, and ergonomic VR
walking experience [5].

However, some low-cost ODTs have recently broken into the market
of omnidirectional treadmills for Virtual Reality purposes [6–10]. These
devices, supported by crowdfunding projects, promise to be reliable and

open solutions, which allow the users to move naturally within the
virtual environments. These solutions share a similar visual aspect, but
they have been developed following different mechanical principles to
allow user’s feet slide across the floor of the treadmill [9]. Concretely,
some recent omnidirectional treadmills incorporate flat floors, where
the users walk on [8,11,12], while another solutions use concave sur-
faces to facilitate the walking simulation to the user [7,10].

In this paper, we present a comparative study of the flat-based and
bowl-based omnidirectional treadmills, denoted also as FODT or BODT,
using two well-known commercial products as representatives of both
design alternatives. The comparative study was based on a counter-
balanced measures design [13], which allows determining whether
using one of the two alternatives first has some effect on the scores for
the another system, given that flat-based and bowl-based omnidirec-
tional treadmills are common and not exclusive solutions when users
walk in virtual environments. To the best of our knowledge, neither
technical arguments have been published to support which of the me-
chanical principles for the development of omnidirectional treadmills
seems more effective, nor have studies been published assessing and
comparing these types of VR devices with real users.

For this reason, our primary hypothesis was that there would be
significant differences between the performances of both
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omnidirectional treadmills evaluated. Moreover, our secondary hy-
pothesis was that participants would prefer the representative of the
bowl-based omnidirectional treadmills (since this design alternative
seems to allow a simpler sliding on the walking surface apparently) and
this drove the design of the users’ preference analysis.

The rest of the paper is organized as follows: Section 2 reviews the
related work in the area of locomotion systems and omnidirectional
treadmills for the simulation of the movement in Virtual Reality.
Section 3 presents the material and methods involved in our com-
parative study. Next, Section 4 describes the performed study and
Section 5 presents the results of the statistical analysis obtained from
the experiments conducted with real users. Finally, Section 6 sum-
marizes the conclusions of the research and the future work coming out
of our results.

2. Related work

One of the longest-standing problems for the field of Virtual Reality
has been addressing how users move throughout the virtual environ-
ment. Different methods have been proposed and implemented that
utilize the user’s gaze and/or hand gestures, virtual, and physical
controls for movement [1,5]. Of these three, virtual controls tend to be
the most flexible option, where users can interact with virtual con-
trollers, handles, and wheels in order to move about the virtual en-
vironment. However, virtual controls lack haptic feedback, and can
prove difficult for users to interact with [1]. Hand gestures and gaze-
directed flying are simpler methods of free movement in the environ-
ment, and can be more intuitive than virtual controls to use. Still, flying
in virtual environments often poses a problem in terms of confusion and
disorientation for newer users. Physical controls tend to be the least
flexible compared to the previous methods, but can be well-suited to
specific situations, such as steering devices and pedals used for driving
simulators [14]. Nonetheless, natural mapping between physical con-
trols like knobs, joysticks, and trackballs and the interactions they en-
able in the virtual environment are generally lacking.

Head and body tracking systems have been developed to allow for
natural movement, but are limited to the physical space in which they
are set up. Omnidirectional treadmills stand as an alternate physical
control for locomotion in virtual environments [2], allowing for a more
natural means of moving in VR without concern for navigational space
limitations. These VR devices have been classified as active or passive
solutions [15]. Active omnidirectional treadmills include a system of
actuators (normally electromechanical), which keep the user within the
limits of the walking surface. In passive approaches, a physical element
(usually a harness) prevents the user from moving completely. Al-
though the heavy first passive treadmills oriented to Virtual Reality
purposes were replaced by active solutions [16], due a more realistic
walking sensation, new lighter and low-cost passive products are widely
available and common in the market of omnidirectional treadmills for
Virtual Reality.

KatWalk is an omnidirectional treadmill that supports actions such
as crouching, jumping, sitting, as well as forward and backward
movement on a flat, static surface [7]. This bowl-based ODT detects
direction by a hanging harness and movement through sensors worn on
the feet. KatWalk’s advantages lie in its ring-less and nearly strapless
design, intended to free the user of limitations common to omnidirec-
tional treadmills. With this design, users are able to move naturally and
without any physical limitations save for the single harness around
them. Its disadvantages are its moderate height and floorspace re-
quirements, as well as the necessity for special shoes so that users can
adequately use the system.

Unlike the stationary surface of the KatWalk, a flat-based omnidir-
ectional treadmill named Spacewalker VR [9] utilizes a normal rolling
treadmill surface in tandem with pressure sensors to detect foot
movements. Spacewalker’s biggest disadvantage compared to other
omnidirectional treadmills comes from how it orients its users. The

rotation of the user is adjusted by the yaw of the user’s head, effectively
negating normal decoupling of their independent head and body
movements with VR headsets. Still, this method of orientation provides
the user constant access to a set of knobs on the ring around their waist
without having to constantly turn around. A different flat-based ODT
approach is proposed by Wizdish in ROVR [8], where walking is si-
mulated through continuous sliding on a static and flat surface in which
the user is not provided with harnesses.

Finally, a significantly large device is the Infinadeck [12], which
uses a real treadmill capable of providing movement in two directions.
The walking surface is one large belt, covered in smaller belts that move
perpendicular to the first. The walking surface is larger than flat-based
omnidirectional treadmills previously described, and has a minimal
harness setup much like KatWalk. Disadvantages for Infinadeck include
very large space requirements, large weight requiring more robust than
normal construction, and a high estimated buying price and main-
tenance costs, which are prohibitive to normal consumers and smaller
research groups. While analysis of individual treadmills as a locomotion
system exist [6], studies comparing user experience with different flat-
based and bowl-based omnidirectional treadmills commercially avail-
able devices have yet to be pursued. Many omnidirectional treadmills
available today, including the Virtuix Omni and Cyberith Virtualizer
used in our experimental study, use similar methods of tracking and
locomotion as their predecessors, such as rolling and/or static surfaces,
motion sensors, and harnesses. However, what differentiates these
systems are the unique implementations and arrangements of their
common components.

3. Method

For our study, we have selected Cyberith Virtualizer and the Virtuix
Omni as representatives of flat-based and bowl-based omnidirectional
treadmills, respectively. The reason for this selection is that both pas-
sive and low-cost products, which have recently broken into the market
of omnidirectional treadmills for Virtual Reality, include a very similar
solution to fasten the user, but incorporate the basic elements behind
both design paradigms (flat-based vs. bowl-based ODT) to simulate the
feeling of walking. Also, we developed a Virtual Reality application
with two separate scenes for both the flat-based and bowl-based
treadmills. The environment in the application was arranged in a maze-
like layout for the purpose of observing users’ experience navigating a
complex environment with each of the omnidirectional treadmills.
Assets from Unity’s Stealth tutorial were utilized and adjusted to create
the scene and immerse the user in the tasks given in the study [17].

3.1. VR system

For our study, two identical computer stations were used for testing
with each of the flat-based and the bowl-based treadmills. These sta-
tions were kept in separate rooms to allow for simultaneous testing of
members from two different groups of participants, without exposing
one to the other during testing. During the experiment, a logging script
recorded data regarding the user’s position, collisions with walls/ob-
jects and time spent in the virtual environment. The user’s head posi-
tion and rotation were recorded in three dimensions and in a four di-
mensional quaternion, respectively. The data recording script wrote a
new set of positional, rotational, and timed values multiple times per
second, with an asynchronous write when the user completed the long-
distance virtual walks.

In the scenes for both treadmills, users were presented two tasks to
complete, denoted as TASK1 and TASK2. Users have to complete some
goals for what they will walk a distance in the virtual environment. The
number of goals to be completed has been selected intentionally dif-
ferent in both tasks to recreate two different experimental setups. In
TASK1, the user was instructed to navigate to the location of a bus near
the center of the environment, designated by a large, yellow sphere
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with the user starting at one corner of the environment (Fig. 1). The
sphere was deliberately placed high enough in the scene to be seen by
the user from the beginning of the scenario, as well as from virtually
anywhere in the environment. Before the user started TASK1, text filled
the screen explaining what the user needed to accomplish, which was
get to the yellow sphere. The users were instructed to read these di-
rections out loud to ensure they understood what to do. Once the user
indicated they were ready to begin, a script was enabled that recorded
their head position and rotation, as well as how long it took for them to
navigate from their starting location to the sphere. Once the user na-
vigated to the sphere, the script stopped recording data and the user
was told to stop. Additionally, the data recording script was paused
after completing TASK1 until starting TASK2 so there was no erroneous
data while waiting between both tasks.

In TASK2 the participants were instructed to explore the environ-
ment and obtain four objects in the environment in order: a bag of
rations, a crate of munitions, a TV set, and a gasoline can. These objects
were distributed across the environment, and the next object the user
needed to retrieve was highlighted in the same manner as the sphere
(Fig. 2).

After retrieving the objects, the user would return to the same lo-
cation by the bus they were at when starting the second task. As in the
first task, when the user was ready to begin, a script was enabled that
recorded the user’s head position, rotation, number of occurred

collisions and overall time for task completion. Additionally, as in
TASK1, the user needed to read text out loud that explained the goals in
TASK2, which were exploring the environment to collect different ob-
jects and returning to the bus afterward.

3.2. Hardware and software

An Oculus Rift CV1 headset was used to visualize the virtual en-
vironment for participants [18]. Oculus Rift, as well as HTC Vive [19],
are considered industry leaders for the development of high immersive
applications, while cheap head-mounted display (HMD) models, and
are widely available and affordable in the market of Virtual Reality
devices. The display of the Oculus Rift CV1 consists of two 90-mm.
screens, with a combined resolution of 1080 × 1200 pixels per eye and
a refresh rate of 90 Hz [18].

The two computers that ran this experiment have the same technical
hardware in order to guarantee a fair comparison between the two
experiment environments. Both use an Intel® Core™ i7-4790 CPU @
3.6 GHz, 16 GB of RAM, and an NVidia GeForce GTX 970 graphics card.
The framerate within the Oculus Rift CV1 displays was satisfactory and
consistent between 70 and 80 frames per second (FPS) for the two
treadmills.

This experiment examined two particular flat-based and bowl-based
omnidirectional treadmills: the Cyberith Virtualizer and the Virtuix

Fig. 1. An overhead view of the virtual environment, showing the goal for task one. The user’s starting location is marked by a red dot.

Fig. 2. A view of the objects users to be obtained in the environment. The order in which the user navigated to the objects is marked by yellow arrows, starting at the
bus.
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Omni. Both omnidirectional treadmills feature low-friction walking
surfaces, free-rotating harnesses, and adjustable heights for their sup-
porting rings, but have notable differences in their methods of move-
ment and movement tracking.

The Omni (Fig. 3a) features a bowl-shaped walking surface to
emulate a user’s natural stride with little resistance. Using Virtuix’s
included software, the user’s movements are tracked by two accel-
erometers attached to their ankles. The Omni’s harness slides freely
about the supporting ring, allowing the user to turn in any direction
without restraint. Magnetic sensors in the supporting ring also track the
user’s orientation and can detect both forward and backward walking
based on which direction the user is leaning. The height of the sup-
porting can be adjusted to suit the user, but due to the locks’ placement
at the base of the treadmill, must be performed either outside of the ring
itself or with the aid of another person.

The Virtualizer (Fig. 3b) has a flat walking surface as its base, in-
tended to feel the same to users as walking on level ground. Six optical
sensors in the base plate of the Virtualizer detect movement across it
and return a raw, signed speed value. The harness of the Virtualizer is
fixed to the supporting ring, but rotates smoothly using steel ball
bearings. By using the movement of these bearings around the harness,
the user’s orientation is determined relative to a fixed point on the ring,
which can be re-calibrated using Cyberith’s provided software or SDK.
Unlike the Omni, the Virtualizer also features a curved vertical bar for
suspending headset cables away from the user’s body. Additionally, the
height of the supporting ring can be adjusted while on the treadmill via
a handle on the supporting ring near the waist.

The most notable difference between both devices is located in the
floors of the treadmills. As an example of a bowl-based treadmill, the
Virtuix Omni (Fig. 4a) has a slight incline near the edges of the floor,
similar to that of a bowl, while the Cyberith Virtualizer (Fig. 4b), as an
example of flat-based treadmill, has a horizontal floor to walk on.
Moreover, the floor of the Cyberith Virtualizer includes 6 optical
trackers, which determine both the angle of direction and the speed of
the user’ feet. These sensors pick-up the horizontal position and avoid
attaching any other device to the user’ legs.

Both of the scenes used in the experiment were created using Unity,
specifically ‘version 5.4.5f1′. Unity is a free-to-use cross-platform game
engine developed by the company of the same name [17]. The scenes
used for each treadmill were visually and functionally equivalent, with
the only differences being assets and scripts used to manage user input.

A “.unitypackage” file containing the Virtualizer’s respective assets was
obtained from Cyberith’s developer website, while version 1.7.1 for the
Omni’s Unity SDK was obtained from Virtuix’s developer website. The
scripts for recording the user’s head position and rotation, as well as the
user’s time for both tasks, were written in C#.

4. Study

The goal of this comparative study is to determine if there are sig-
nificant differences in the performance and the user’s level of satisfac-
tion between the existing two main paradigms for the design of VR
treadmills, which are currently available to the general public. To fulfill
this goal, the two groups of adult participants (denoted as Group A and
Group B), equipped with an Oculus Rift HMD, were introduced in an
immersive labyrinth virtual environment where they had to locate a set
of objects located within the scene. The first group initially used the
bowl-based omnidirectional treadmill (Virtuix Omni) as a locomotion
device in the virtual environment, while the other group initially used
the flat-based omnidirectional treadmill (Cyberith Virtualizer).

4.1. Participants and measurements

The experiments were given in the summer of 2018 in the Virtual
Reality laboratory of the Emerging Analytics Center at the University of
Arkansas at Little Rock (UALR) with 54 participants (43 men and 11
women) to guarantee statistically significant results [20–22]. The par-
ticipants included students, faculty and administrative staff of this
university. All of them, aged between 18 and 56 years old
(23.74 ± 7.99), were provided informed consent before taking part in
the study. Fig. 5 shows different participants during the experiments
using both VR treadmills evaluated.

The results have been obtained based on empirical measures and
questionnaires from the participants in the experiments. Concretely,
two questionnaires have been used along the experiment. The first
questionnaire was initially filled by our staff including the number of
occurred collisions and the time to complete the two virtual tasks de-
scribed in Section 4.1. Next, the participants completed 36 questions on
a 1–7 Likert scale (1 = strongly disagree, 7 = strongly agree) related to
their perception about interaction, 3D sensations and satisfactions, after
testing a given VR treadmill.

Although the total content of the questionnaire is not shown here for

Fig. 3. The BODT-Virtuix Omni (a) and the FODT-Cyberith Virtualizer VR (b) platforms.
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the sake of brevity, most of the questions were adapted from the pre-
sence questionnaires proposed by [23] and [24]. Since the sense of
presence is highly correlated with the degree of perception of that en-
vironment [25], we have designed these questions in order to measure
that sense of presence. The 36 questions are grouped according to six
presence factors [23]. In our experiments four questions were related to
control factors (degree of control, responsiveness, anticipation of events
and mode of control), four questions related to sensory factors (sensory
modality, environmental richness, multimodal presentation and con-
sistency of multimodal information) three questions related to distrac-
tion factors (selective attention and interface awareness) and ten
questions related to realism factors (scene realism, information con-
sistent with objective world, meaningfulness of experience, among
others). We also added nine questions related to ergonomic factors
(device comfort, effort, and fatigue, among others) and six other
questions relevant for the experiment (product adequacy, engagement,
learning curve, among others).

Different variables were created to condense the 36 questions by
Likert responses of the item for a particular subscale together. Hence,
the variables CF, SF, DF, RF, EF and OF represent the dataset from the
responses to the control, sensory, distraction, realism, ergonomic and
other factors, respectively.

After responding to these questions on a 1–7 Likert scale (1 = poor,
7 = excellent) participants scored three different aspects related to the
immersion level, the final product, and the usefulness as a locomotion
system for a given VR treadmill. The responses to these questions were
expressed into the datasets denoted as 3D, SCORE and UNESS.

Moreover, information regarding to gender, profession, educational
background, and age data from the participants was also collected in
this questionnaire.

The second questionnaire contains the same content as the first
questionnaire, as well as three questions where participants select one
of the two VR treadmills following three different criteria: personal

preference, recommended product and most useful solution as a
walking device in a VR environment. These responses were condensed
into the datasets labeled as LIKE, RECO and USEFUL, respectively.
Moreover, the participants could express their opinions and justifica-
tions to their responses for the three selection criteria.

4.2. Procedure

All the participants were randomly assigned to one of two groups,
identified by the VR treadmill they tested first. By the end of the ex-
periment, all the participants tested both treadmills. Fig. 6 shows the
procedure followed where participants belonging to Group A tested the
bowl-based omnidirectional treadmill (Virtuix Omni) first, and experi-
enced the flat-based omnidirectional treadmill (Cyberith Virtualizer)
afterwards. By contrast, users in Group B were required to test the
Cyberith Virtualizer first and next the Virtuix Omni treadmill. In our
experiments, the rest time between each comparison trial for a given
user was about 10–15 min.

The protocol followed with the participants starting with a pre-
sentation of the entire experiment and a 10-minute verbal training
session for both treadmills. Then, the participants use the first treadmill
and complete TASK1 and TASK2 within the immersive virtual en-
vironment. Meanwhile, our staff monitored the users’ actions, the
number of occurred collisions and the captured the time to complete
both tasks, denoted as COLL1/COLL2 and TIME1/TIME2 in Fig. 6. After
completing this virtual experience, participants fill the first ques-
tionnaire. Next, all participants use the other VR treadmill, complete
the tasks and fill the second questionnaire.

5. Results

This section presents the statistical analysis of the sets of data ob-
tained from the experiments conducted with real users. All the acquired

Fig. 4. Differences of the floor provided by the BODT-Virtuix Omni (a) and the FODT-Cyberith Virtualizer VR (b) platforms.

Fig. 5. Participants during the experimental session testing the BODT-Virtuix Omni (a) and FODT-Cyberith Virtualizer VR (b) platforms.
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datasets related to the study variables follow a normal distribution.
Therefore, parametric tests, such as the t-test and the Cohens test for
paired and unpaired data were used for analyzing the relationship
among the different parameters involved in the experiment. As an ex-
ample, the Kolmogorov–Smirnov test (D = 0.2321 and p-
value = 0.4102), Anderson-Darling test (A = 0.5139 and p-
value = 0.2511) and the Shapiro-Wilk test (W = 0.6332 and p-
value = 0.1740) confirmed that the sensory factor variable (included in
the dataset denoted as SE) follows a normal distribution. In addition to
the parametric tests, Cohen’s d-index and eta-squared are provided as a
measure of effect size. Moreover, some interesting statistical sig-
nificance effects were obtained completing an analysis of variance
(ANOVA) with post-hoc comparisons by Tukey's tests and Bonferroni's
tests.

Table 1 shows the average and the standard deviation of the time
needed by the participants to complete the two tasks (denoted as TIME1
and TIME2), as well as the results obtained with the first questionnaire

(datasets from SF to UNESS) in both groups, where all the participants
were considered. The tests were two-tailed, were conducted at the 0.05
significance level and the assumption of equal variances was tested by F
test (P < 0.02). This table includes the Student's t-test to compare the
means of both groups for all the parameters considered. The data re-
lated to the number of collisions (COLL1 and COLL2) have been in-
tentionally omitted, for the sake of clarity, since they were practically
invariant to the selected treadmill. The results showed that while the
time spent for the participants to complete short distances (TIME1)
using the Virtuix Omni (57.07 ± 32.05) is significantly lower (t
[52] = −2.63, p = 0.011, Cohen’s d = −0.728) than using the Cy-
berith Virtualizer (77.53 ± 24.18), these statistical differences are not
evident as the distances increase.

Concretely, there were are no statically significant differences be-
tween the results obtained with both VR platforms in TASK2 (t
[51] = −0.81, p = 0.422, Cohen’s d = −0.235). The cause for this
may be the particular sliding mode the flat-based omnidirectional
treadmill (Cyberith Virtualizer), which requires a period of user adap-
tation longer than that of the other VR treadmill. In any case, Fig. 7
shows the boxplot for the time spent by participant in TASK2 using both
treadmills, where a slight improvement for the bowl-based omnidirec-
tional treadmill (Virtuix Omni) is displayed.

Additionally, Table 1 shows statistically significant differences be-
tween the results obtained with both VR treadmills, in favor of the
Virtuix Omni, from the results to the ergonomic factors (EF dataset),

Fig. 6. Procedure followed in the comparative study.

Table 1
Averages and standard deviations for independent groups that tested Virtuix
Omni (Group A, first row for each parameter) or Cyberith Virtualizer (Group B,
second row for each parameter) first. The responses to the questionnaires were
grouped into the SF (sensory), EF (ergonomic), RF (realism), CF (control), DF
(distraction) and OF (other) parameters, representing the presence factor.

Parameter AVG ± STD (s.) t p d.f. Cohen’s d

TIME1 57.07 ± 32.05
77.53 ± 24.18

−2.63 0.011 52 −0.728

TIME2 358.61 ± 238.30
402.24 ± 133.36

−0.81 0.422 51 −0.235

SF 6.14 ± 0.68
6.07 ± 0.85

0.347 0.730 52 0.095

EF 5.50 ± 0.90
4.74 ± 1.12

2.759 0.008 52 0.753

RF 5.73 ± 0.63
5.27 ± 0.92

2.180 0.134 52 0.600

CF 4.75 ± 1.23
3.71 ± 1.22

3.111 0.003 52 0.848

DF 5.21 ± 1.35
4.75 ± 1.42

1.251 0.216 52 0.341

OF 6.25 ± 0.62
5.71 ± 0.78

2.857 0.006 52 0.780

3D 6.37 ± 0.63
5.76 ± 1.20

2.322 0.124 50 0.667

SCORE 5.36 ± 1.25
3.84 ± 1.58

3.903 0.001 51 1.074

UNESS 5.43 ± 1.52
4.28 ± 1.65

2.636 0.011 51 0.724

Fig. 7. Time spent for the participants to complete TASK2.
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control factors (CF dataset) and other factors (OF dataset). These sig-
nificant differences were also evident, in favor of the Virtuix Omni,
when users rated the two alternatives (SCORE dataset, t[51] = 3.90,
p < 0.05, Cohen’s d = 0.68) or the usefulness provided by both of
them to move comfortably in a virtual environment (UNESS dataset, t
[51] = 2.64, p < 0.05, Cohen’s d = 0.72).

Since most of the potential customers of this type of VR product
would test both alternatives before making the final purchase, an eva-
luation was set up to detect the possible effects of using one of the two
VR treadmills or the alternative [26]. In order to fulfill this goal, paired
t-tests were calculated to the responses obtained from the participants
that tested a VR treadmill and then, the other alternative. Table 2 shows
the means and the standard deviations for the parameters which
showed a statistically significant difference between the responses in
both stages (collected in both questionnaires) of the experiment. The
first row for each parameter shows the results for the participant in
Group A, who tested the bowl-based omnidirectional treadmill (Virtuix
Omni) first, and next the flat-based omnidirectional treadmill (Cyberith
Virtualizer). Similarly, the second row for each parameter shows the
results for the participants in Group B, who tested the VR devices in
reverse order. Table 2 shows that the time spent to complete long vir-
tual walks (TIME2) by both groups of participants decreases when they
test a second VR treadmill. These results seem to indicate that the use of
a second VR treadmill (regardless of the first option) adds a significant
improvement in the learning and accommodation process to use this
virtual device as a walking device in a virtual experience.

For the questions related to presence in virtual environments [23],
there were no statistically significant differences for the sensory factors,
realism factors and the 3D depth perception. As expected, participants
produced similar responses related to these parameters, since both al-
ternatives share a visual system based on Oculus Rift. However, the
responses to the ergonomic factors, control factors and distraction
factors shown in Table 2 are higher for Virtuix Omni regardless the
order of evaluation. This behavior is also observed for the global
(SCORE) and the usefulness scores (UNESS).

Fig. 8 shows the final user’s preference, taking into account the
order of test presentation, when they had to select one of the treadmills
evaluated. Although the results for this preference were requested fol-
lowing three different criteria (as explained in Section 4.1), the re-
sponses were similar for all of them. In this sense, this figure shows that
75 percent of the users selected the Virtuix Omni as the VR treadmill
that they liked the most (LIKE dataset). Moreover, this selection was
performed by users regardless of which VR treadmill they started with.

Next, a correlation analysis determined the relationship between
each of the independent parameters. Fig. 9 shows this analysis, ex-
pressed as a correlogram [27], for the responses given by the partici-
pants that tested the Virtuix Omni first. In this figure, the positives
correlations are displayed in blue tones and the negative correlations in

red tones. Moreover, the intensity of the colors and sizes of the circles
are proportional to the correlation coefficients. At the bottom of the
figure, the legend color shows the corresponding coefficients and the
corresponding colors.

Fig. 9 shows a strong and significant correlation among all the
parameters related to the sense of presence in Virtual Reality (from SF
to OF). Moreover, there were other remarkable positive correlations
between the realism (RF) with the global scores (0.574, p < 0.001),
3D depth perception (0.572, p < 0.002) and usefulness values (0.453,
p < 0.01) indicated by the participants. This indicates that the final
user’s evaluation is related to the realism provided by the treadmills
within the virtual walking environment. A similar correlation study was
conducted with the datasets provided by the participants that tested the
flat-based omnidirectional treadmill (Cyberith Virtualizer) first (Group
B). In this case, there were similar correlations, but they were slightly
weaker than in Group A.

Finally, a multifactorial ANOVA test was performed in order to take
into consideration the following factors simultaneously: age, gender,
and participant’s profession. This test revealed two significant differ-
ences. Specifically, an analysis of variance on the LIKE dataset showed a
significant primary effect of the participants’ age (F[4,16], p = 0.044,
η2G = 0.439). A Tukey post-hoc test confirmed that for participants
aged 50 and older the selection of the treadmill that they like the most
was significantly different to the rest of age ranges at p < 0.05. An-
other difference was that the final data included in the RECO dataset
with respect to the combination of age and profession of the participant
(F[3,16], p = 0.021, η2G = 0.446). A Tukey post-hoc test showed these
recommendations (in terms of endorsing a given treadmill) provided by
the group of mechanical engineering students aged 18–25 was sig-
nificantly different at p < 0.05. Additionally, the post-hoc tests were
repeated in our study correcting the p-values, according to the Bon-
ferroni procedure, obtaining similar results.

6. Conclusions

The physical movement of the users has traditionally been a chal-
lenge in the Virtual Reality technologies for decades. Although omni-
directional locomotion platforms have been posed as a feasible solution
to generate the feeling of walking, most of the approaches have lacked
an affordable, intuitive, and ergonomic VR walking experience.

In this paper, we have presented a comparative study where we
evaluated two new flat-based and bowl-based omnidirectional tread-
mills with 54 participants. These Virtual Reality treadmills are con-
sidered nowadays the cutting-edge solutions for the simulation of
walking in virtual environments, lacking disadvantages of former al-
ternatives.

From the results of this study, we can conclude that our primary
hypothesis (“there would be significant difference between the perfor-
mances of the VR treadmills evaluated”) was not corroborated because
there were no statistically significant differences between the bowl-
based (Virtuix Omni) and the flat-based (Cyberith Virtualizer) omni-
directional treadmills when used for long-distance virtual walks.
However, there were statistical differences in support of the bowl-based
omnidirectional treadmill when the evaluation was performed in terms
of presence. Second, the results confirmed our second hypothesis (“the
participants would prefer the bowl-based treadmill”) among different
perspectives, such as overall preference, recommendation and useful-
ness, when potential gamers choose between bowl-based or flat-based
treadmill to be part of their VR equipment. The reasons to prefer this
treadmill were that bowl-based approach was easier to use (63%), re-
acted faster to the user’s movements (21%) and was more comfortable
(16%) than of the flat-based treadmill. Furthermore, the correlation
analysis showed statically significant correlations among all the para-
meters related to presence, which in turn, are related to the global
scores given by the participants of the experiment. In general terms, the
result of this study could serve as a suggestion for the companies to

Table 2
Averages and standard deviations of the responses corresponding to the overall
experiment for participants in Group A (first row for each parameter) and
Group B (second row for each parameter).

Parameter Questioner 1st Questioner 2nd t p

TIME2 358.61 ± 238.30 266.49 ± 112.32 2.595 0.015
398.56 ± 134.92 179.27 ± 76.41 7.332 0.000

EF 5.50 ± 0.90 4.70 ± 0.93 3.625 0.001
4.67 ± 1.09 5.62 ± 1.13 −4.573 0.000

CF 3.65 ± 1.23 3.15 ± 1.29 4.982 0.000
3.65 ± 1.21 5.16 ± 1.05 −5.850 0.000

DF 5.21 ± 1.35 4.07 ± 1.30 3.518 0.002
4.72 ± 1.44 5.56 ± 1.22 −3.376 0.002

SCORE 5.36 ± 1.25 3.46 ± 1.53 5.087 0.000
3.75 ± 1.54 5.54 ± 1.21 −5.529 0.000

UNESS 5.43 ± 1.52 4.25 ± 1.96 2.841 0.008
4.21 ± 1.64 5.33 ± 1.55 −3.644 0.001
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improve their products in future developments.
For future work, we plan to complete some hardware modifications

at the elements included in floor of the Virtuix Omni in order to achieve
a more natural user’s movements detection. Moreover, we are already
designing a comparative study with real users to evaluate the

performance of the bowl based omnidirectional treadmills and the re-
directed walking techniques (RDW) [28], another solution to explore
larger virtual environments within small tracking areas.

Fig. 8. Bar chart representation showing the final user’s preference.

Fig. 9. Significant correlations detected in the first questionnaire for the users in Group A.
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