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ABSTRACT Although selection menus are widely used for interaction, their use on 3D virtual reality
applications needs to be objectively assessed. The focus of this study is to evaluate a traditional panel
and a radial menu in two distinct virtual environment placements (i.e. fixed on the wall and following the
users’ hands). Fifty-one participants used two different menus of the four possible combinations. To evaluate
the menus’ effectiveness and efficiency, we measured usability (System Usability Scale Questionnaire),
user satisfaction (After-Scenario Questionnaire), time to finish the tasks (in seconds) and the number
of unnecessary steps (errors) performed by the users. Overall results showed a clear preference for the
traditional panel menu type and the fixed wall placement of the menu. We conclude that all menu types
perform well, despite different user preferences, and that fixing the menu to the wall gives users a better
overview of both the menu and the virtual environment, improving their ability to perceive their actions on
the menu.
INDEX TERMS Human computer interaction, virtual reality, user interfaces, graphical user interfaces.

I. INTRODUCTION

The massification of virtual reality (VR) that we have seen
over the years, together with the increasing number of
VR technologies and equipment, created a new paradigm
to create and deliver new immersive multimedia content.
Also, a wide variety of menus were created and evaluated to
simplify the interaction process with VR.
HCI (human-computer interaction) is an area that
researches the design and the use of computer technology,
focused on interfaces between people and computers [1].
UI, as a component of HCI, consists of everything that
allows the user to interact with the system to perform a
given task or everything that gives information to the user
about the state of the system [2]. An example of this is
the monitor and keyboard of a computer or, if you apply
this to most modern VR equipment, the head-mounted
display (HMD) and its controllers acting like a bridge
between humans and computers. With UI comes the user
The associate editor coordinating the review of this article and approving
it for publication was Zhihan Lv.
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experience (UX), which is associated with emotional or
aesthetic variables like fun, pleasure or even joy [3], [4]
and because of this, there is no universal definition for
UX [5].
In a desktop-based application, item-based menus are
designed as lists, where each item is associated with a certain
command [6]. An alternative to this approach is pie menus,
where each item is a slice-shaped entry and every entry
has the same proportion making them efficient regarding
Fitts’ law [7]. These menus are typically designed to perform
simple commands, where more complex tasks like multiple
selections should be done with additional user interfaces (UI)
elements.
These menus could be applied to VR, but in [8] it is stated
that many aspects should be considered when developing
menus for VR. Desktop menus are two dimensional (2D)
and are also presented in front of the user while, in the
virtual environment (VE), the menu could be presented in any
position and rotation and the user could have any position
and rotation as well. This could mean that the menu is too far
or too close, making it difficult for the user to read. Also,
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the menu can be faced backwards, and the user might not
see it.
One of the reasons to create new UIs is to increase
productivity and performance of users and for that reason,
it is important to evaluate them in terms of effectiveness,
efficiency and user satisfaction and, according to [9], these
concepts can be defined as follows: a) effectiveness — the
efficiency and precision with which the proposed objective
can be achieved by the user; b) efficiency — resources
spent by the user to reach the proposed objective; and
c) satisfaction — comfort and acceptance of the interface by
users.
UIs can be evaluated with the use of subjective or objective
data. Subjective data can be obtained by using questionnaires
that measure systems’ usability, and objective data can be
obtained by direct observation including metrics like error
rate, number of help requests, number of useless steps or even
the time to complete tasks. These subjective and objective
data allow UI creators to assess the efficacy or efficiency of
the UI better [10].
UI design should contain three interactive tasks: navigation, selection/manipulation and system control. Navigation
tasks include roaming or path lookup; Selection/manipulation
consists in selecting, rotating or moving an object; and system
control allows the user to change the interaction methodology
or system state [11], [12].
Over the years, multiple interfaces have been proposed
for immersive VR (IVR) like [13]–[15], but not much work
has been done regarding their evaluation. Our focus is to
evaluate the usability and satisfaction of the traditional UIs,
panel and radial menus (also referred to as list and pie menu
respectively), in an immersive virtual environment (IVE)
using selection tasks.
II. RELATED WORK

One of the first studies done in HCI aimed at transposing the
conventional desktop 2D menus into VR [8]. In their work,
they created floating 2D menus where the main interaction
was performed by creating a ray cast from the tip of the
index finger. This type of menus has been studied over the
years, in reference [15] the authors studied two types of linear
menus (buttons displayed like a dropdown list - one was
straight down and the other was a slant) and a pie menu. They
reported that the pie menu was 25% faster than the straight
menu. [14] studied two menus, pie or linear, and the position
of the menu, fixed or contextual. Results supported the ones
reported by [15], where radial menus were faster than linear
ones. They also reported that selection time was quicker in
the contextual location.
The work done by [6] consisted of two studies, where the
first one studied different selection methodologies to interact
with radial menus like ray cast, hand projection and hand
rotation. Results showed that ray cast was the best selection
methodology. For the second study, they took the best selection methodology and implemented checkboxes, sliders and
color maps inside the radial menu. Experts were asked to test
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the new menu and all of them could easily use all included
features.
A multi-level radial menu was proposed by [16] where
instead of one, three radial menus are displayed, each one
responsible with one main task. The user can switch between
radial menus by hovering over a different radial menu.
To select an option, the user must leave the button in an
outwards motion from the center of the menu. Observational results showed that most participants were quickly
able to learn and use hand gestures to perform actions on
screen.
Over the years, other types of menus were developed to
make interaction methodologies seem more natural, being
one of them the TULIP menu [17]. In this menu, each option
is in one of the fingertips, but the thumb. When the users
wanted to select an option, they would have to touch the
thumb with the desired finger. They evaluated this menu by
comparing it with a floating panel and pen and tablet menu
over 30 trials. Comparing only the TULIP and the floating
panel menus, for the last five trials, the mean completion time
was almost the same.
A mixed reality menu was developed by [18] that allows
the user to interact with a menu located in his forearm by
attaching the Ovrvision and the Leap Motion to the HMD.
This menu allows selection, dragging, sliding and rotation
creating a variety of interaction methodologies. The debriefing session revealed that the menu is clear and easy to
understand but lacked precision. Another point that the users
reported was that to interact with the menu, the forearm
needed to be visible and, when visible, it covered most of the
field of view.
As one can see, there is little work in the state of the art that
studies usability and satisfaction between these two interfaces
and because of that our work intends to study them between
these two interfaces. The next section will describe our study
and the developed interfaces.
III. METHODS

The adopted methodology consists of a quasi-experimental
design, cross-sectional study with a quantitative focus. The
sampling technique used was the non-probabilistic convenience sampling procedure.
For easy reading, we defined Panel Menu on Wall as PW,
Panel Menu on Hand as PH, Radial Menu on Wall as RW and
Radial Menu on Hand as RH.
A. SAMPLE

The experiment was performed by 51 participants (27 men
and 24 women) with ages varying between 18 and 48 years
old (M = 22.73, SD = 4.626), recruited at the experiment
site. The participants were mainly students (82%), with normal or corrected to normal vision and, on a 7-point Likert
scale, reported good understanding of how computers work
(M = 5.86, SD = 0.96), casual habits of playing video
games (M = 4.08, SD = 2.331) and basic understanding of
VR concept and technologies (M = 3.96, SD = 1.897). All
116371

P. Monteiro et al.: Comparison of Radial and Panel Menus in VR

TABLE 1. Distribution of participants per all the 12 experiment groups.
On the left are the first trial interfaces and on top the second trial ones.

FIGURE 1. VE used for the experiment trials. The VE consisted of a virtual
living room of a smart house, where object states could be remotely
controlled.

participants were naive to the experiment. Each participant
performed the experiment twice using a different menu. Since
there were four menus in total, and to balance the order each
was performed, the participants were distributed by 12 groups
varying the order of the two menus assigned to each, with
every group having at least 4 participants (Table 1).
B. VARIABLES

The independent variables of the study were the menu type
(panel and radial), the menu placement (wall and hand), and
all the possible combinations of those ones (PW, PH, RW
and RH).
The dependent variables were usability scores from the
SUS questionnaire, user satisfaction scores from the ASQ
questionnaire, effectiveness from the number of successfully
performed tasks, and efficiency by the number of unnecessary
steps performed during each trial and the time (in seconds)
participants took to finish each trial.
C. MATERIALS

For this study, two different menus were developed for
VR based on 2D desktop application menus — a panel and a
radial menu. These menus had the same purpose and ability to
change the state of some household objects found in a living
room (i.e. TV, lights, and window blinds) in a smart house
context. Fig. 1 shows the VE used during the trials.
The panel menu used the traditional WIMP (window, icon,
menu and pointing device) concept (Fig. 2). This consisted
of a scrollable list of buttons (available options) that would
perform an action or give access to a sub-menu. These two
types of buttons had a different appearance, with the ones that
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gave access to a sub-menu having an arrow on the right. When
accessing a sub-menu, the items of the sub-menu would
replace the list of buttons. The header of this menu would
display the category of the current set of options and allowed
the user to, at any time, go back to the previous menu or close
the menu. By using a ray cast from a tracked controller of
the used VR setup, perceived as laser pointer by the users,
they were able to select the different buttons of the menu by
pointing at them. The selected button would be activated by
pressing a button of said controller.
The radial menu, on the other hand, consisted of a circular
set of slices, each representing an action or giving access to a
sub-menu (Fig. 3). Based on the number of slices (available
options), they would be resized to all have the same size
and fill the complete circle. The first option on the menu
(placed on top) would always be the option to go back to a
previous menu or close the menu. Like in the panel menu,
the two types of options (actions and sub-menus) had a different appearance, with actions having a filled background
and sub-menu buttons having only a slice of the background
filled. A header title would show the current menu and when
accessing a sub-menu, like in the panel type, the set of slices
would be replaced by the ones of the sub-menu. For selecting
the options, the circular options were mapped to a circular
touchpad on the tracked controllers. By moving the finger
around the touchpad, users were able to select the different
options. To perform the action of the selected option, users
had to press the touchpad in the same place they had their
finger to select the option.
Both menu types could be either placed on a fixed position (wall) and following the user’s hand by using the controllers’ tracking capabilities. In the panel menu, during hand
placement (Fig. 2 right), the menu would follow the hand
that was not used to select the options and would always be
straight up and facing the user independently of the rotation
of the tracked controller. For the radial menu, when following
the hand (Fig. 3 right), it was placed on top of the circular
touchpad used for selection and as such, it would rotate with
the tracked controller. Moreover, when following the hand,
both menus were scaled down to fit the available field of
view better (by not blocking it completely) and to be more
comfortable to the users.
The VR application ran on a desktop computer featuring
an Intel Core i7-6700K processor and an NVIDIA GeForce
GTX 1080 graphics card, responsible for running the game
engine and all the input and output devices required for the
experiment.
The HTC Vive HMD was used for the visual stimulus and
its controllers (held by the users) were used to interact with
the VE and the menus. When placing a finger in the touchpad
of these controllers, a visual hint appears in its virtual representation to improve the users’ awareness of where their
finger is on the controller. This HMD also features a 110◦
viewing angle and a per eye resolution of 1080 × 1200 pixels.
Moreover, the audio stimulus was delivered with a surround
system.
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FIGURE 2. Panel menu type with the main menu options. Selection was made by pointing the controller at the menu. On the left is the wall placement
and on the right is the hand placement.

FIGURE 3. Radial menu type with the main menu options and the ‘‘Ceiling Light’’ option selected. The selection was made by placing the finger in the
circular touchpad on the controller (red dot). On the left is the wall placement and on the right is the hand placement.

D. INSTRUMENTS

Regarding the questionnaires used, a simple sociodemographic questionnaire was used to determine the sample characteristics. To assess the menus’ usability, and user satisfaction, well established and validated questionnaires were used:
• Usability: the System Usability Scale (SUS) [19] questionnaire was used to measure the menus’ usability.
The final SUS score is on a scale of 0 to 100, and is
interpreted in percentiles, as shown in [20];
• User satisfaction: the After-Scenario Questionnaire
(ASQ) [21] was used to assess the users’ satisfaction
with the experiment. The final score ranges from 0 to
10, with a higher value representing a higher user satisfaction.
Based on some items of the SUS questionnaire, a menu
comparison questionnaire was created. This questionnaire
had the purpose of assessing the participants’ preference
between the two menus they used during the experiment, and
was composed by the following questions:
Q1: Which menu would you like to use more frequently?
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Q2:
Q3:
Q4:
Q5:
Q6:
Q7:
Q8:

Which menu was unnecessarily complex?
Which menu was easier to use?
Which menu had more inconsistencies?
Which menu would be easier to learn?
Which menu would be more inconvenient to use?
Which menu did you feel more confident to use?
Which menu would be faster to learn?

E. PROCEDURE

All experiments were carried out in a laboratory environment
where all external variables were controlled. Participants
were received at the experiment site and started by sitting in
the middle of the VR system tracking area, filling a consent
form and the sociodemographic questionnaire (Fig. 4).
The experiment consisted of two similar trials, each one
using a different menu. Participants were equipped with
the HMD and the respective remote controllers. Next, once
seeing the VE, participants were instructed on how to use
the controllers, what were the characteristics of the menu
and how to interact with it. Participants were then given
a few minutes to get used to interacting with the menu,
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TABLE 2. Dependent variables where a statistically significant difference
was found (p < 0.05) between the menus. Between parenthesis are the
menus that scored a higher value.

FIGURE 4. Participant seated in the experiment site, with the equipment,
and ready to perform the experiment.

and once comfortable with it, the experiment scenario was
loaded, and the experiment protocol took place with the first
menu. Once finished, the participant filled the SUS and ASQ
questionnaires. After this, the steps mentioned above were
followed again for the second trial, using a different menu.
Before leaving, participants filled the menu comparison
questionnaire.
The experiment protocol for each trial consisted of 15 tasks
(Appendix ) the user had to complete using the menu and
were chosen to force the participants to navigate through
all the menus. These tasks were communicated by the
researchers, one by one, during the experiment.
F. STATISTICAL PROCEDURES

All statistical procedures were performed using the IBMr
SPSSr 24 software and the level of significance was maintained at 95% (alpha level of 0.05) for all statistical tests.
Shapiro-Wilk test was used to assess the normality of the data.
For data that does not follow a normal distribution
(p > 0.05), non-parametric tests were used to compare
the different conditions, namely the Kruskal-Wallis H and
Mann-Whitney U tests, and data distribution similarity was
assessed by visual inspection.
Data that follows a normal distribution (p <= 0.05)
was analyzed with the use of one-way ANOVA and independent samples t-test, and the assumption of homogeneity
of variances was assessed with Levene’s test of equality of
variances.
IV. RESULTS

Results are shown for each trial and globally for the menu
comparison questionnaire. Moreover, for each trial, results
are detailed with comparison between the menu type (panel
vs. radial), menu placement (wall vs. hand) and a comparison
between the four possible combinations. Table 2 sums up the
statistically significantly different results (p < 0.05) found in
each trial.
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Effectiveness results are constant between all tested conditions, since every participant managed to complete all experiment tasks with success.
A. FIRST TRIAL

In this subsection we present the results of comparing the
four interfaces in the first trial. Descriptive statistics for ASQ
scores, SUS scores, number of unnecessary steps and total
interaction time (in seconds) are displayed in table 3.
1) MENU PLACEMENT PREFERENCE

Considering the panel type only, distributions of the SUS
scores, ASQ scores and number of unnecessary steps for the
wall and hand placements of the menus were similar. Median
SUS score was statistically significantly higher in the wall
than in the hand (U = 34.500, z = −2.316, p = 0.021),
whereas ASQ scores (U = 53.000, z = −1.369, p = 0.171)
and number of unnecessary steps (U = 81.000, z = 0.567,
p = 0.630) were not. There was homogeneity of variances
for the interaction times (p = 0.179) and the 2.50 s (95%
CI [−5.900, 10.911]) increase from wall to hand was not
statistically significant (t(22) = −0.618, p = 0.543).
For the radial menu type, distributions of SUS scores, ASQ
scores and number of unnecessary steps were also similar.
No statistically significant differences were found between
the two places in the SUS score (U = 70.000, z = −0.986,
p = 0.324) and in the ASQ score (U = 87.000, z = −0.169,
p = 0.866). However, wall placement had significantly more
unnecessary steps than the hand placement, U = 32.000,
z = −2.843, p = 0.004. There was homogeneity of variances
for interaction times (p = 0.073), but the 12.130 s (95%
CI [−5.671, 29.932]) increase from hand to wall was not
statistically significant (t(25) = 1.403, p = 0.173).
2) MENU TYPE PREFERENCE

Considering the wall placement alone, distributions of the
SUS scores, ASQ scores and number of unnecessary steps
for panel and radial types were similar. Median SUS score
was statistically significantly higher in the panel than in the
VOLUME 7, 2019
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TABLE 3. First trial means, medians and standard deviations for each menu type relative to the SUS and ASQ questionnaires, menu interaction
times (seconds) and unnecessary number of steps.

radial type (U = 33.500, z = −2.344, p = 0.019), whereas
ASQ scores were not (U = 57.000, z = −1.141, p =
0.254). The number of unnecessary steps was significantly
higher in the radial menu, U = 132.500, z = 132.500,
p < 0.001. There was no homogeneity of variances for
interaction time (p < 0.001), and the mean increase of 27.198
s (95% CI [11.221, 43.175]) from the panel to the radial
menu was statistically significant (t(12.768) = −3.530,
p = 0.004).
For the hand placement, distributions of SUS scores, ASQ
scores and number of unnecessary steps were also similar.
No significantly differences were found between the two
menu types in the SUS score (U = 85.500, z = −0.221,
p = 0.825), in the ASQ score (U = 87.000, z = −0.165,
p = 0.869) and in the number of unnecessary steps (U =
111.000, z = 111.000, p = 0.323). There was homogeneity of variances for interaction time (p = 0.100), and
the mean increase of 12.562 s (95% CI [−0.578, 25.703])
from the panel to the radial menu was not statistically significant, although a trend was found (t(25) = −1, 969
p = 0.060).
3) OVERALL MENU PREFERENCE

When comparing the four menus combined, distributions of
SUS scores and number of unnecessary steps were not similar
between the groups, but ASQ scores were. SUS scores were
statistically significantly different between the menu types,
χ 2 (3) = 10.125, p = 0.018. Subsequently, pairwise comparisons were performed using Dunn’s procedure [22] with
a Bonferroni correction for multiple comparisons. This post
hoc analysis revealed SUS score of the RH menu was significantly lower than the one obtained with the PW menu (p =
0.016), whereas no other group combination revealed statistically significant differences. However, participants that used
menus on the wall reported on average slightly higher scores
than the ones who did not.
No statistically significant differences were found between
the ASQ scores (χ 2 (3) = 2.367, p = 0.500). However,
looking at the mean scores, there was a slightly preference
for the panel menus compared to the radial ones.
The number of unnecessary steps was significantly different between the menus, χ 2 (3) = 18.211, p < 0.001.
A post hoc analysis revealed users performed more unnecessary steps in the RW menu than in the PW (p = 0.001),
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PH (p = 0.003) and RH (p = 0.049) menu types, whereas
no other group combinations revealed statistically significant
differences.
The assumption of homogeneity of variances was violated
for the interaction times (p < 0.001) and there was a statistically significant difference between the menus, Welch’s
F(3, 24.203) = 5.834, p = 0.004. Games-Howell post
hoc analysis revealed that the increase from PW to RW
(27.198 s, 95% CI [4.530, 49.867]) was statistically significant (p = 0.017), as well as the increase of 24.693 s (95%
CI [1.224, 48.162]) from PH to RW (p = 0.038).
B. SECOND TRIAL

In this subsection we present the results of comparing
the four interfaces in the second trial. Descriptive statistics for ASQ scores, SUS scores, number of unnecessary
steps and total interaction time (in seconds) are displayed in
table 4.
1) MENU PLACEMENT PREFERENCE

Comparing the panel type menus, distributions of SUS scores,
ASQ scores and number of unnecessary steps were similar between the two placement options. Median SUS score
was statistically significantly higher on the wall than on
the hand (U = 27.000, z = −3.163, p = 0.001),
as well as the ASQ score (U = 49.000, z = −2.801,
p = 0.043), but no statistically significant differences
were found in the number of unnecessary steps (U =
107.500, z = 0.876, p = 0.430). There was homogeneity
of variances in the interaction times (p = 0.4515) and
the mean increase of 7.154 s (95% CI [−0.482, 14.790])
from wall to hand was not significant (t(25) = −1.930,
p = 0.065).
Regarding the radial menus, distributions of SUS scores,
ASQ scores and number of unnecessary steps were also
similar. However, no statistically significant differences were
found between the two placements in the SUS score (U =
84.000, z = 0.696, p = 0.514), in the ASQ score (U =
79.000, z = 0.421, p = 0.713) and in the number of unnecessary steps (U = 65.500, z = −0.388, p = 0.713). There was
homogeneity of variances in the interaction times (p = 0.652)
and the increase of 2.750 s (95% CI [−9.721, 15.220]) from
the wall to the hand placement was not statistically significant
(t(22) = −0.457, p = 0.652).
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TABLE 4. Second trial means, medians and standard deviations for each menu type relative to the SUS and ASQ questionnaires, menu interaction
times (seconds) and unnecessary number of steps.

2) MENU TYPE PREFERENCE

Considering the wall placement alone, distributions of SUS
scores, ASQ scores and number of unnecessary steps were
similar between the two menu types. Median SUS scores
were statistically significantly higher in the panel menu type
than in the radial type (U = 17.500, z = −3.469, p <
0.005) and median ASQ scores followed the same trend (U =
28.000, z = −3.527, p = 0.003). No statistically significant
differences were found in the number of unnecessary steps
(U = 107.500, z = 1.314, p = 0.231). The assumption of
homogeneity of variances were met for the interaction times
(p = 0.097) and the mean increase of 10.844 s (95% CI
[1.978, 19.709]) from the panel to radial type was statistically
significant, t(24) = −2.524, p = 0.019.
For the hand placement, distributions of SUS scores, ASQ
scores and number of unnecessary steps were also similar.
No statistically significant differences were found between
the two menu types in the median SUS scores (U = 87.000,
z = 0.492, p = 0.650), in the median ASQ scores (U =
78.500, z = 0.029, p = 1.000) and in the number of unnecessary steps (U = 77.500, z = −0.028, p = 0.979). There
was homogeneity of variances for interaction times (p =
0.232) and the increase of 6.439 s (95% CI [−4.789, 17.667])
was not statistically significant (t(23) = −1.186,
p = 0.248).

a clear trend with PW having a higher ASQ score than both
the RH (p = 0.074) and the PH (p = 0.075).
No statistically significant differences were found regarding the number of the unnecessary steps performed, χ 2 (3) =
1.860, p = 0.602.
The assumption of homogeneity of variances was met for
the interaction times (p = 0.201) and there was a statistically significant difference between the menus, F(3, 47) =
3.0244, p = 0.039. A Tuckey post hoc analysis revealed
that the increase from PW to RH (13.593 s, 95% CI
[0.725, 26.462]) was statistically significant (p = 0.035).
Although no other significant interactions were observed,
overall mean interaction times were lower in the PW menu,
followed by PH, then by RW and finally by the RH menu.
C. MENU COMPARISON QUESTIONNAIRE

Fig. 5 shows, for each menu (reference), the percentage of
participants that chose that menu over the others, grouped
by question. Overall results show: participants would like to
use more frequently the PW menu; participants perceived no
menu as unnecessarily complex; a strong preference for the
PW regarding ease of use; low inconsistencies in the four
menus; participants reported the PW menu would be easier
and faster to learn; and, participants felt more confident using
the PW menu.

3) OVERALL MENU PREFERENCE

V. DISCUSSION

Comparing the four menu types, distributions of SUS scores
were similar, but ASQ scores and number of unnecessary
steps distributions were not. SUS scores were statistically
significantly different between the different menu types,
χ 2 (3) = 16.922, p = 0.001. Subsequently, pairwise
comparisons performed using Dunn’s procedure [22] with
a Bonferroni correction for multiple comparisons, showed
SUS score of the PW menu was significantly higher than
the one from the RW menu (p = 0.003), than the PH one
(p = 0.004) and than the RH menu (p = 0.020), whereas no
any other group combination revealed statistically significant
differences.
Statistically significant differences were found between
ASQ scores (χ 2 (3) = 11.802, p = 0.008). Pairwise comparisons showed a significant higher ASQ score in the PW menu
compared with the RW one (p = 0.011). Although no other
group combinations showed significant differences, there was

Overall results have shown a preference for the panel menu
type and a preference for the fixed wall placement. This preference was corroborated by both the objective and subjective
measures.
By using a ray cast type selection in the panel menu,
we expected better performance results. This expectation
was met, in both trials, with the panel having shorter task
times and a lower number of unnecessary steps performed
by the users, which was also found in reference [6]. Usability
wise, although all interfaces scored in the A percentile [20],
the SUS scores were also higher in the panel menu, denoting
that this menu type is ‘‘excellent’’ to use.
Also, this study differs from most of the studies that compared radial menus to panel menus [14], [15], and where the
radial type was generally better. We suspect this is due to
the characteristics of the input method used for selection
in this menu type. Selection in 2D desktop radial menus is
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FIGURE 5. Percentage of participants that chose, for each menu (reference), that menu over the others, grouped by question.

usually done by overflowing the mouse to the direction of
the option slice [16], giving it a broader target selection area.
In the developed menu, as the selection was done by moving the finger around a confined round touchpad, and even
though the used equipment could precisely identify the finger
position with users being able to see their finger placement
on the touchpad, this required participants to perform small
and more precise movements, increasing the time they took
to complete the trials.
Regarding the menu placement, the developed menus
could be either fixed on the wall or following the user’s hands.
Usability scores showed a preference for wall placement,
especially in the panel menu type and when comparing all the
menus against each other. We expected the hand placement
to score higher on the radial menu, as it was better integrated
with the environment and provided more context regarding
the input method (i.e. the finger overlapped the slices on the
menu). Anecdotal evidence collected during the trials suggests participants found the hand placement more integrated
with the environment, but that they felt more comfortable
with the wall placement.
We suspect that the preference for the wall placement is
directly related to the VR technology and equipment, where
an HMD with a bigger field of view or the use of more
natural interaction techniques, like using hand gestures, could
yield different results. During the trials with hand placement,
users rarely moved the hands to bring the menus to their
field of view, instead preferring to move their heads around.
Because of this, the hand placement had the disadvantaged
of not allowing the users to perform the actions and see their
VOLUME 7, 2019

outcome at the same time, while the wall placement allowed
to both see the whole menu and see the objects that could be
influenced by it.
VI. CONCLUSION AND FUTURE WORK

In this study, we aimed to evaluate the effectiveness and efficiency of using traditional UI menus in a 3D VR application.
For this, we used a selection task where the user needed to
use a menu to change the state of some living room objects of
a smart house. Two different menus were developed for this
task, one following a more traditional approach (panel menu)
and one with a radial menu where options were presented in
a circular pattern.
By measuring the menu’s usability, user satisfaction, interaction times (in seconds) and the number of unnecessary
steps performed, we concluded that in this VR context
the panel menu was highly preferred by users as well as
showed better performance results. Also, when comparing
the placement of the menu in the 3D space, users preferred
when the menu was fixed on the wall, instead of following their hands, since the fixed placing provided a better
overview of both the menu and the virtual environment at
the same time. Despite the found preference, both menu
types at both placements scored well in all metrics, indicating
that they can be useful and have a good performance in a
3D environment.
As there was no menu placement next to each of the objects
that could change state (no context menus), we should investigate in the future how these context menus perform compared
to fixed and moving menu types. Moreover, traditional menus
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should also be compared to more novel approaches where
natural interaction is used.
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APPENDIX
EXPERIMENT PROTOCOL FOR EACH MENU

Using one of the possible menus, participants were asked to
perform, in order, the following tasks during the experiment:
1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)
14)
15)

Set the ceiling light intensity to 0
Set the table light intensity to 0
Lower the blinds to half their height
Turn on the TV
Switch the TV to channel C
Increase the TV volume 2 levels
Lower the blinds completely
Set the table light intensity to 8
Set the table light color to the same color of the TV
screen
Switch the TV to channel A
Lower the TV volume 1 level
Set the table light color to white
Set the table light intensity to 10
Set the ceiling light intensity to 10
Turn off the TV
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