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Figure 1: Overview of Sun Menu and the baseline Pie Menu. (a) Pie Menu directly divides 24 items into equal angular sectors,
resulting in 15° per item. (b) Sun Menu provides a wider 45° coarse region for initial direction selection. (c) Sun Menu consists of
8 coarse regions, each connected to 3 terminal options. (d) The selection procedure consists of pressing the trigger, moving the
ray outward, and releasing the trigger to confirm the selection. (e) A possible application scenario shows Sun Menu being used

to select one of 24 colors for coloring a 3D object in a VR interface.

Abstract

In dense VR radial menus such as Pie Menus, each item’s angular
width shrinks as item count grows, making selection errors likely
during rapid ray-based selection. We propose Sun Menu, which
arranges 24 items into eight coarse regions, each connected to three
terminal options on the outer edge. Sun Menu accepts the initial ray
direction as a coarse directional selection and defers fine-grained
candidate selection to the outer terminals, so that users need not aim
directly at narrow angular sectors while selection remains a single
outward ray movement. In a user study with a 24-item Pie Menu as
a baseline, Sun Menu showed significantly lower error rates under
all of the Accurate, Neutral, and Fast instruction conditions, and no
significant increase in selection time was observed. These results
suggest that Sun Menu reduces selection errors in dense VR radial
menus without a significant increase in selection time.
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1 Introduction

Menu selection in VR requires users to quickly and accurately select
a target function from a large set of items. Radial menus, exemplified
by Pie Menus and marking menus, support fast selection through
directional movements from the menu center toward the periph-
ery [3, 6, 7]. Recent studies of VR menus have further identified
the number of menu items, the input method, selection time, and
accuracy as key dimensions for evaluating menu techniques [9].

However, in radial menus, the angular width allocated to each
item decreases as the number of items grows. In VR raycasting
in particular, small hand and tracking jitter destabilizes control of
the ray direction, and small hand movements are amplified at the
tip of a long ray [1, 5]. Consequently, when the angular width per
item is limited to 15°, as in a 24-item Pie Menu, ray-based selection
becomes prone to errors on adjacent items.

For large item sets, prior techniques such as hierarchical marking
menus and Flower menus employ multi-stage selection or curved
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gestures [2, 10]. While these techniques accommodate more com-
mands with a limited number of directions, they may require users
to repeatedly decide, at each hierarchy transition or along a curved
trajectory, in which direction to move the ray next. Moreover, stud-
ies of handwriting and drawing movements report a kinematic
regularity that movement speed decreases as trajectory curvature
increases [8]; sharply curved movements may therefore weaken
the fast directional selection that radial menus originally afford.

In VR, the Bump Pie Menu reduces selection errors by adding
protrusions along the outer edge of a Pie Menu so that the ray can
catch on them, guiding ray movement [4]. Such work demonstrates
that peripheral structures can effectively support ray operations in
multi-item VR menus.

Building on peripheral support for ray operations, we propose
Sun Menu. Instead of dividing 24 items into narrow angular sectors
from the outset, Sun Menu accepts the initial movement with a
wide angular tolerance and separates candidates at the end of the
outward movement. Sun Menu arranges 24 items into eight 45°
coarse regions, each with three outer terminal options (Figure 1).
Rather than requiring users to aim at 15° sectors from the start, this
design lets them complete both coarse directional selection and final
candidate confirmation within a single movement toward visible
terminal options on the periphery, without additional decisions at
hierarchy transitions or large changes of direction. Our contribution
is to show that, for a dense 24-item radial VR menu, a design that
accepts a coarse initial direction and separates candidates at the
periphery can reduce selection errors without a significant increase
in selection time.

2 Sun Menu

Sun Menu is a radial menu presented on a plane in VR space. The
user wears an HMD and points at the menu with a ray extending
from the right-hand controller. A selection is made by pressing the
trigger to begin the ray operation, moving the ray outward, and
releasing the trigger to confirm the item (Figure 1(d)).

As shown in Figure 1(b)(c), Sun Menu arranges 24 items into
eight coarse regions and three terminal options attached to the
outer edge of each region. Whereas a Pie Menu divides 24 items
into 15° sectors, Sun Menu accepts the initial movement direction
as a 45° coarse region. Users therefore do not need to precisely
aim at one of 24 densely packed items immediately after starting
the operation; instead, they first move the ray in a rough direction
and then choose among the three candidates at the terminal part
attached to that region.

The central feature of Sun Menu is that it integrates coarse di-
rectional selection and fine-grained terminal selection into a single
outward movement from the menu center, without requiring users
to explicitly switch between stages. This design aims to reduce
selection errors on dense item sets without demanding fine angular
adjustment or sharply curved trajectories, keeping the entire selec-
tion a single ray operation toward visible peripheral candidates.

Thus, Sun Menu supports selection from dense item sets by
combining coarse directional selection with fine-grained candidate
selection at the periphery. For example, it can support repeated
selection from dense candidate sets, such as frequently switching
among 24 colors when coloring a 3D object in VR (Figure 1(e)).
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Figure 2: Error rate and mean selection time for Pie Menu
and Sun Menu across three instruction conditions. (a) Error
rate was computed from all trials. (b) Mean selection time
was computed from correct trials. Error bars indicate stan-
dard error. Asterisks in panel (a) indicate significant pairwise
differences between Pie Menu and Sun Menu within each
instruction condition after Bonferroni correction (*p < .05,
**p <.01, ***p < .001).

3 User Study

To evaluate Sun Menu, we conducted a user study with a VR system
implemented in Unity. Twelve participants took part in the study
(ages 20-23, M = 21.8,SD = 0.9; 9 male, 3 female). As a baseline, we
used a Pie Menu with 24 items arranged in equal angular sectors.
The two menus were compared under identical display distance,
display scale, input method, feedback, and task procedure.

The study followed a 2 (menu type: Pie Menu, Sun Menu) X
3 (instruction condition: Accurate, Neutral, Fast) within-subjects
design. Participants selected the item corresponding to a displayed
target number with the ray. In each condition, target numbers from
1 to 24 were presented in random order; participants pressed the
trigger to begin the ray operation and released it to confirm the
selection. Each participant completed three repetitions of 24 trials
for each menu type and instruction condition combination; the first
repetition was treated as practice, and only the latter two repetitions
were analyzed. The order of menu types and instruction conditions
was counterbalanced across participants.

The dependent variables were selection time and selection error
rate. Selection time was the interval from target presentation to
trigger release in correct trials. Error rate was computed as the
proportion of all trials in which the selected item did not match
the presented target. For each measure, we conducted a two-way
repeated-measures ANOVA with menu type and instruction con-
dition as within-subjects factors, applying sphericity corrections
where necessary. Bonferroni correction was applied.

Figure 2 shows (a) error rates and (b) mean selection times for
each condition. For error rate, the main effect of menu type was sig-
nificant, with Sun Menu showing a lower error rate than Pie Menu,
F(1,11) = 21.75, p < .001, quj = .664. The main effect of instruction
condition was also significant, F(2,22) = 3.71, p = .041, rﬁ, =.252,
whereas the interaction between menu type and instruction con-
dition was not significant. Pairwise comparisons showed that Sun
Menu had significantly lower error rates than Pie Menu in all of the
Accurate, Neutral, and Fast conditions. For selection time, the main
effect of instruction condition was significant, with selection times
decreasing from Accurate to Neutral to Fast, F(1.34, 14.69) = 19.39,
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p < .001, 7712, =.638. Neither the main effect of menu type nor the
interaction was significant.

These results suggest that Sun Menu reduced selection errors in
a dense 24-item VR menu—even under the Fast instruction—while
no significant increase in selection time was observed. Accepting a
45° coarse initial direction and separating candidates at the outer
terminals may have mitigated small directional deviations caused by
hand jitter during rapid ray operations. Sun Menu thus suggests a
design direction for dense VR menus: supporting accurate selection
by combining coarse directional selection and terminal selection
within a single outward ray movement, rather than relying only
on finer angular subdivision.

In free-form comments, participants attributed errors in Pie
Menu to hand jitter and drift at trigger release, and described Sun
Menu as easy to select accurately but hard to recover from once an
unintended coarse region was entered. A limitation of this study is
that we did not collect structured usability or preference measures;
the qualitative observations reported here are limited to free-form
comments. In future work, we will analyze ray trajectories on the
menu plane to examine Sun Menu from the perspective of error
recovery, including correction before confirmation and reselection
after an error.
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