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Figure 1: To support ergonomic and accurate 3D selection in a cluttered space, a movable 2D plane (a) presents a vertical “slice”
of objects on the smartphone screen, enabling the target to be selected by touch. To control the plane’s distance from the
user, we propose three smartphone-based techniques: (b) physicallymoving the smartphone, (c) tilting the smartphone, and
(d) panning touch gestures on the smartphone.

Abstract
3D selection in mixed reality environments remains challenging,
as interaction techniques must carefully balance ergonomics, selec-
tion performance, and object occlusion. Recent work shows that a
two-dimensional selection plane can serve as an effective interme-
diary, reducing 3D selection to a constrained 2D interaction space.
However, existing approaches have primarily explored this concept
in the context of gaze- and hand-based input, which are prone to
tracking inaccuracies. In this work, we investigate how 3D selection
via a 2D plane can instead be decomposed into established tech-
niques for touch-based selection and panning on smartphones in a
hybrid user interface with a head-mounted display. By leveraging
the familiarity, precision, and ergonomic advantages of touch-based
interaction, our approach has the potential to improve both accu-
racy and usability for 3D selection. To this end, we propose and
discuss three techniques for controlling the movement of the 2D
selection plane within 3D space, laying the groundwork for future
empirical evaluation of their effectiveness.

CCS Concepts
• Human-centered computing → Mixed / augmented reality.
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1 Introduction
Selecting objects is a fundamental task in mixed reality systems [8].
Especially in domains such as immersive analytics, users often
need to precisely select individual items within dense, spatially
distributed data. However, 3D selection through spatial interaction
(e.g., controllers [15, 19] or gaze [14]) becomes increasingly diffi-
cult as the distance between users and target objects increases, as
input imprecision, visual occlusion, and ergonomic constraints are
amplified, thereby reducing both accuracy and usability.

To address these challenges, recent work proposed using a two-
dimensional plane as an intermediary for 3D selection [14, 19].
By moving a 2D plane through the 3D scene, users can reduce
the complexity of the selection task to choosing targets on a pla-
nar surface, while the third axis, defining the depth or distance
of the selection, is specified by the plane’s position itself. Yet, ex-
isting approaches have primarily explored this interaction using
bimanual mid-air controllers [19], or free-hand input combined
with gaze [14]. These techniques reportedly suffer from limitations
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Figure 2: The smartphone displays a mirrored portion of
the 2D plane, enabling object selection via touch input. The
currently mirrored region is indicated by a red outline and
controlled via raycasting (i.e., as shown by a red line) based
on the smartphone’s position and orientation.

related to fatigue, precision, and sustained ergonomic comfort, par-
ticularly during prolonged or fine-grained interaction. For example,
while gaze-based interaction can offer ergonomic advantages over
controller-based input, it quickly becomes error-prone in densely
occluded environments [14].

In our work, we propose leveraging a hybrid user interface [5]
to complement the head-mounted display with a smartphone that
serves both as the controller for positioning the intermediary 2D
plane and as a precise input device for selecting targets on that
plane. By decomposing the task into (1) accurate 2D selection via
touch-interaction and (2) linear movement of the plane within the
3D volume (see Fig. 1), we can build and extend well-established
interaction techniques. We argue that this combination has the
potential to provide both high selection accuracy and a familiar,
ergonomically robust input modality. However, the question of how
best to control the plane’s distance from the user remains open, as
different techniques involve distinct trade-offs in terms of precision,
effort, and usability.

2 Hybrid Pointing Techniques
We employ a planar surface [19] to decompose the task of 3D
selection into two subtasks: (1) defining the selection depth by
moving the 2D plane through 3D space, then (2) target selection
on a 2D plane. While both are well-established in prior work, the
combination introduces additional challenges that require empirical
investigation.

2.1 Moving the 2D Plane
To define the depth (i.e., distance from the user) of the intermediary
2D plane, we discuss three techniques based on prior work [4] for
moving it linearly in 3D space: move, tilt, and touch (see Fig. 1).
Across all techniques, the plane’s motion is constrained to trans-
lation along the depth axis, as the remaining two dimensions are
defined by raycasting from the user’s view, which is determined by

the position of the peephole (i.e., pointing the phone towards the
intermediary plane, see Sec. 2.2). To avoid overlap between plane
manipulation and peephole positioning in the move and tilt tech-
niques, we implemented a clutching technique: plane movement is
active only while a finger is touching the smartphone screen.

2.1.1 Move. While clutching, users can translate the smartphone
forward and backward within their arms’ reach to move the plane
along the depth axis. Depending on the extent of the 3D volume,
this mapping can be either 1:1 or adjusted using a control–display
ratio to reduce the need for repeated clutching. Similar techniques
have been explored in prior work on remote cursor control [1] and
panning [4] or selection [2, 12] in three-dimensional spaces, and
are also commonly found in tangible interaction paradigms [16].

2.1.2 Tilt. With this technique, users move the plane forward by
tilting the smartphone down toward a more horizontal orientation,
and backward by tilting it up toward a vertical orientation. To ad-
dress the limited range of rotational hand motion, a control–display
ratio must be applied to map phone tilting to plane movement
effectively. Still, multiple clutching operations may be necessary
to achieve a balance between accuracy and speed. Compared to
the move technique, which can require substantial physical move-
ment, tilting offers a more ergonomic alternative; however, it may
occasionally interfere with raycasting, as users’ tilting interferes
with the smartphone’s orientation. This approach builds on prior
work [10, 13], which has demonstrated the effective use of tilting
to control a cursor in 3D space.

2.1.3 Touch. The touch technique allows users to move the in-
termediary plane by vertically swiping the touch screen with a
single finger. While this approach could offer advantages in terms
of accuracy, ease of use, and low physical effort, it can also conflict
with object selection on the smartphone, as the touch input is used
for both tasks. This can be partially addressed by an appropriate
threshold (e.g., selecting with short tap, moving with long hold
and drag), but small adjustments to the plane may still result in
unintended selections. Panning gestures are well-established in
touch interaction and have also been successfully employed in a
range of hybrid user interfaces [4, 6, 7].

2.2 Selection on 2D Plane
Prior work has explored the use of mobile devices for selecting
items on distant surfaces in a variety of contexts, for example, by
mirroring digital objects onto the mobile device [6] or by control-
ling a remote cursor [13, 17]. In particular, research on cross-device
interaction has demonstrated the effectiveness of smartphones as
input devices for interacting with distant 2D displays [1, 11]. Build-
ing on these approaches, we employ an intermediary 2D plane that
defines a vertical slice of the target space orthogonal to the depth
axis (i.e., spanning across the width and height of the target space
and appearing as a screen facing the user). We use a raycasting-
based technique to position a peephole over this plane, thereby
projecting a portion of it onto the smartphone screen: By pointing
the smartphone towards the plane, a section thereof is mirrored
onto the smartphone display, enabling users to precisely select tar-
gets on the screen via touch input (see Fig. 2). This allows users
to interact accurately while holding the device in a comfortable,
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neutral posture and to benefit from passive haptic feedback from
the touchscreen.

3 Design Considerations
We discuss the design considerations of the proposed techniques,
highlighting how these factors may influence their practical use
and the trade-offs in usability and ergonomics.

3.1 Peephole Navigation
Although we hypothesize that using a smartphone as a hybrid user
interface [5] can offer increased precision, it also introduces an
additional screen that demands the user’s visual attention during
selection. This can lead to ergonomic challenges: For example, to po-
sition the peephole via raycasting, users may hold the smartphone
as if it were a mid-air controller to keep both the device’s display
and the 3D space within their field of view. Such a posture can
substantially increase physical demand on the arms and may lead
to fatigue commonly described as the “gorilla arm syndrome” [3].
Alternatively, users may hold the smartphone in a more comfort-
able, low position near the hip. While this likely reduces arm strain,
it can also increase neck strain and visual switching, effectively
shifting ergonomic load from the arms to the neck rather than elim-
inating it altogether. Prior work suggests that eyes-free interaction
techniques [6] could mitigate these issues. For example, providing
preview cues on the intermediary plane (e.g., similar to the peep-
hole outline) before the user’s finger touches the touchscreen has
been shown to reduce the need for sustained visual attention on
the device, thereby alleviating some of the associated ergonomic
burden [9].

Beyond ergonomics, plane-based selection may still suffer from
occlusion issues in dense 3D environments, where the intermediary
plane itself can be partially or fully obscured by surrounding objects.
Here, transparency has been shown to be an effective technique
for object selection in cluttered 3D scenes [15]; however, increased
transparency can again hinder visual search by reducing object
salience and making target identification more difficult.

3.2 Plane Movement
While our techniques for moving the intermediary plane build on
prior work for 3D object manipulation, each introduces distinct
trade-offs, particularly when combined with peephole navigation.
Specifically, both the tilt and move techniques have different over-
laps with the raycasting-based positioning of the peephole, while
touch overlaps with the selection of targets. Although this can be
compensated through design strategies such as clutching or thresh-
olding, such compensations may make selection more error-prone
(e.g., accidental selections) or reduce performance (e.g., as tilt resets
the position for raycasting). Moreover, keeping conditions compa-
rable across techniques introduces additional constraints that may
limit their ecological validity. We hypothesize that, using compen-
sation methods, the move technique still has the least overlap with
our raycasting and selection overall, and may therefore serve as a
suitable complementary approach [18]. However, this requires the
most arm movement, potentially increasing physical demand and
fatigue. This suggests a potential trade-off between ergonomics,
performance, and precision, which warrants further investigation.

We therefore plan to first examine these techniques in an initial pi-
lot study to gain formative insights into their use, before comparing
them against more established 3D selection techniques.

Finally, our current investigation is limited to linear translation
of the plane along the depth axis. Prior work has demonstrated
the benefits of more expressive plane manipulation in 3D space,
including rotation or free movement [14]. Within our hybrid user
interface, such degrees of freedom could, in principle, be mapped
to the smartphone’s rotation. However, doing so would likely inter-
fere substantially with peephole navigation and might necessitate
alternative selection techniques.

4 Conclusion
We propose using a smartphone as a complementary interaction
device for 3D selection in head-mounted mixed reality environ-
ments. By decomposing distant 3D selection into (1) accurate 2D
selection on a screen-projected intermediary plane and (2) con-
trolled movement of that plane within the 3D space, our approach
builds on well-established interaction techniquesWe argue that this
combination, leveraging a hybrid user interface, has the potential
to improve selection accuracy and overall performance compared
to existing controller- and gaze-based methods, while also offering
improved ergonomic comfort.

To complement raycasting-based peephole navigation on the
intermediary plane, we introduce three techniques for controlling
the plane’s depth drawing on prior work: physically moving the
smartphone, tilting it, or using touch-based panning gestures.While
these techniques promise more precise and ergonomic interaction,
they also introduce distinct design trade-offs that require empirical
investigation. In future work, we plan to identify suitable design
parameters for these techniques in a formative evaluation, followed
by an empirical evaluation in a controlled user study comparing
them against established 3D selection modalities [14, 19].
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