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Figure 1: Task flow and grasping methods. A: Plausible Gesture grab, B: Pinch grab, C: Controller grab. Participants 1) picked
up the object from the blue area, 2) moved it to the red area, and 3) pressed a button to complete the task.
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Abstract

In Virtual Reality (VR), object grasping is a core interaction that
critically influences both user immersion and task performance.
While contemporary systems offer both high-precision controllers
and intuitive hand tracking, they present a trade-off between perfor-
mance and naturalness. However, empirical guidance for selecting
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an optimal grasping method for object grasping remains limited.
In particular, how object shape and size (as affordance-related fac-
tors) modulate this trade-off within a standardized pick-and-place
paradigm is underexplored.

We investigate the interplay between interaction fidelity and ob-
ject shape/size and its impact on user performance and experience
in a controlled pick-and-place task. We conducted a within-subjects
study with a 3 (grasping modality: controller, pinch, plausible ges-
ture) x 5 (object shape: cube, sphere, cylinder, handled mug, complex
model) x 3 (object size) factorial design. We measured objective
performance (task completion time, placement accuracy) and sub-
jective experience (NASA-TLX workload, IPQ presence).

Our findings provide evidence-based answers to the scoped ques-
tion: “Which grasping method is best suited for an object of a given
shape and size in a pick-and-place task?” Ultimately, this work of-
fers actionable guidelines to help VR developers design effective and
satisfying object-grasping interactions tailored to users’ task goals
and virtual environments, without claiming a single universally
“best” method.
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1 Introduction

Grasping is a fundamental interaction in Virtual Reality (VR), crit-
ical to both task success and the quality of the user experience
[35, 38]. Modern VR systems provide a range of grasping methods,
including the controller-based grab using physical buttons, the plau-
sible gesture grab that mimics natural hand motions, and the pinch
grab executed by touching the thumb and index finger [30, 38].
Despite this variety, systematic investigations focusing specifically
on object grasping remain limited; many prior studies have exam-
ined only subsets of methods or simplified tasks, leaving open the
question of when each technique is preferable.

Prior research indicates that controllers, with their high precision
and reliability, are advantageous for enhancing pragmatic quality, or
task performance [25, 35]. In contrast, hand tracking excels at deliv-
ering hedonic quality by enabling intuitive and natural interactions
[4, 29]. VR grasping entails a non-linear performance-immersion
trade-off: higher fidelity is not always better; in some contexts
lower-fidelity methods are more efficient [13, 37], and misapplied
realism can trigger an Uncanny Valley of Interaction [1, 32].

This trade-off is further complicated by the concept of affor-
dance. Affordance theory posits that an object’s physical properties,
such as its shape and size, strongly suggest the grasping strategy a
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user will employ, for instance, a power grip versus a precision grip
[14, 34]. Extending this perspective, prior studies have shown that
object shape and size can either reinforce performance advantages
of controllers or amplify the naturalness benefits of hand tracking.
For example, users must adapt grasping strategies depending on the
shape (cylinder vs. cube) and size (small, medium, large) of virtual
objects when stacking them[27], and geometric properties such as
object size and taper angle can alter perceptual interpretation dur-
ing grasping, thereby influencing how users perceive and execute
their grasps.[42]

Consequently, the effectiveness of a grasping method in a pick-
and-place context depends not only on the user’s action but also on
the shape and size of the target object as affordance-related factors.
However, empirical research specifically on the interplay between
grasping fidelity and object affordance remains scarce.

This study systematically analyzes the interaction between two
key dimensions, interaction fidelity and object affordance in grasp-
ing. To this end, we present a set of objects with varying affordances,
including a sphere, a cylinder, a cube, a handled mug, and a com-
plex, irregular object. By additionally varying the size of these
objects, we conduct a fine-grained investigation into the effective-
ness and limitations of three grasping techniques: controller-based,
pinch-based, and plausible gesture-based. Here, the pinch grab
refers to the built-in headset-supported pinch interaction, where
virtual penetration of the fingers into objects is permitted, rather
than a real-world physical pinch. The ultimate goal of this study
is to provide evidence-based guidelines for choosing among grasp-
ing methods under specified task and object affordance conditions
(including size), evaluated on completion time, errors, perceived
naturalness, and workload.

To this end, we pose the following research questions. First (RQ1),
how do the three grasping techniques affect task performance, mea-
sured by efficiency (completion time) and accuracy, when manipu-
lating objects with diverse affordances? Second (RQ2), how do the
three grasping techniques impact the user’s subjective experience,
measured by cognitive load (NASA-TLX) and the sense of presence
and immersion (IPQ)?

2 Related Work
2.1 Controller vs. Hand Tracking

The comparison between controllers and hand tracking is a well-
established topic in VR interaction research, often summarized as a
trade-off between precision and naturalness [40].

Controllers provide clear, reliable input through physical buttons.
This button-based input, with its low latency and haptic feedback
(arising from the mechanical haptic sensation of pressing a button),
consistently demonstrates superior performance in tasks requiring
fine motor skills [24, 25, 30, 31, 35, 38, 40]. These characteristics
make controllers highly suitable for precision-critical activities,
though the necessity of holding a physical tool can reduce immer-
sion [30].

In contrast, hand tracking mirrors the user’s bare hands in the
virtual environment, enabling intuitive interactions without a sepa-
rate controller and offering significant potential for high immersion
[26, 35, 40]. Users often prefer the naturalness of hand tracking, par-
ticularly in exploratory or slow-paced tasks [29]. This advantage,
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however, often comes at the cost of performance, as hand tracking
can suffer from lower precision, higher latency, and tracking errors
during fast or occluded movements [25, 38].

Within this trade-off, the pinch gesture is a widely used compro-
mise. Since it primarily measures the distance between the thumb
and index finger, it operates reliably even with noisy tracking data
[30, 36]. However, using two fingers to grasp most objects is an
unnatural method that can conflict with other gestures [30, 36].

2.2 Interaction Fidelity and Sensory Mismatch

Fidelity is a core concept in VR interactions, referring to how accu-
rately a virtual experience mimics its real-world counterpart across
multiple dimensions, including visual, kinematic, and haptic [4, 32].
However, merely increasing fidelity does not always lead to a posi-
tive user experience, as a mismatch between sensory information
can produce negative outcomes [32].

A primary issue is the visual-proprioceptive mismatch, which
occurs when there is a discrepancy between the user’s actual and
visually displayed body position, degrading the sense of control
and embodiment [4, 13, 37]. For example, Canales et al. showed that
users achieved better task performance with a virtual hand that
accurately mirrored their real movements (even allowing object pen-
etration) compared to a hand whose movements were corrected to
prevent it [4]. This suggests that sensory consistency may be more
critical for performance than strict visual realism. This mismatch
can also extend to the Haptic Uncanny Valley, where enhanced
haptic feedback, if not congruent with visual cues, paradoxically
decreases the subjective sense of realism, highlighting the need for
a delicate balance among sensory modalities [1].

2.3 Affordance and Interaction Strategy

Affordance, a concept from psychologist James J. Gibson, refers
to the action possibilities an environment or object offers a user
[16, 19, 21, 34]. Don Norman extended this into the design field,
emphasizing perceived affordances, cues that signal to a user what
actions are possible [34].

In grasping, an object’s physical properties naturally suggest
a certain type of grip. Grasp taxonomies show how object shape
and size guide specific grasp types like power and precision grips
[9, 14, 22, 33]. The human brain pays more attention to graspable
objects and pre-plans the grasp by analyzing these affordances.
Neuroscience studies show that even before reaching for an object,
humans determine the appropriate hand orientation and finger
configuration based on its shape, with gaze guiding the hand’s
movement [8, 12, 17]. During this process, motor areas of the brain
are automatically activated [18, 20].

Particularly interesting is the affordance competition that arises
when an object offers multiple affordances simultaneously [5, 6].
The choice of action is ultimately determined by the user’s task-
oriented goal and is embedded in a continuous loop of sensori-
motor control, where the brain constantly refines actions based
on sensory feedback [10, 11, 41]. Furthermore, modern theories
like predictive coding propose that the brain actively predicts
the sensory consequences of its actions. A mismatch between the
predicted sensation (e.g., feeling a solid surface) and the actual sen-
sory input (e.g., no haptics in VR) generates a "prediction error"
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that requires additional cognitive resources to resolve, potentially
impacting performance [7, 15].

Building upon these prior works, our research takes a step further
by exploring how the user’s interaction modality influences the
perception of and reaction to object affordances. We aim to analyze
how the intrinsic advantages and disadvantages of each grasping
method guide a user’s action strategy when interacting with objects
that possess complex affordances.

3 System Implementation

We developed a Unity-based VR system on Meta Quest 3 to support
three grasping methods: Controller Grab, Pinch Grab, and Plausible
Gesture Grab. The design emphasized consistency across conditions
so that only the input technique varied.

Controller Grab was implemented through the grip button of
the Touch controllers. A virtual hand model was displayed at the
controller’s position, and grasped objects followed its motion with
collisions managed by the physics engine.

Pinch Grab relied on the Quest hand-tracking SDK. A grasp was
triggered when the distance between the thumb and index finger
fell below roughly 1 cm, automatically attaching the nearest object.
Release occurred when the fingers opened. This method enabled
reliable precision but felt less natural for larger objects.

Plausible Gesture Grab used full-hand tracking to render a virtual
hand that adjusted dynamically to object geometry. Each object de-
fined a broad interaction zone for detecting possible grabs and finer
colliders for finger contacts. A grasp was confirmed when sufficient
contacts and finger curvature thresholds were met. To enhance
realism, the virtual hand conformed to the object surface while pre-
venting penetration, with interpolation applied to maintain smooth
motion aligned with the user’s hand.

4 Experiment Design

To systematically evaluate grasping interactions in a virtual envi-
ronment, this study employs a 3 (Interaction Method) x 5 (Object
Shape) X 3 (Object Size) within-subjects repeated measures design.
All participants performed all 45 unique experimental conditions,
and each condition was repeated three times per interaction method.
Therefore, each participant completed a total of 135 grasping trials
(45 conditions X 3 repetitions), which controls for inter-participant
variance and thus increases the statistical power of the study. To
counteract learning effects from the order of interaction methods,
the presentation sequence was perfectly balanced using a Latin
Square design. All procedures were conducted in accordance with
ethical guidelines.

The theoretical basis for our experimental design is partially
grounded in Biederman’s Recognition-by-Components (RBC) The-
ory [2]. According to this theory, shapes like spheres, cubes, and
cylinders are fundamental visual ’alphabets’ that humans use to
recognize object structures. By using these primitive shapes as
experimental stimuli, we test grasping interactions on the very
components that the human perceptual system uses to understand
objects, thereby ensuring the cognitive validity of our experiment.
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Figure 2: Left: the three interaction methods (Plausible Grab,
Pinch Grab, and Controller Grab). Right: the set of stimulus
objects (Cube, Sphere, Cylinder, Mug, and Stanford Bunny).

4.1 Independent Variables

The study has three independent variables: interaction method,
object shape, and object size.

Interaction Method. Participants performed the task using three
different grasping methods (see Figure 2).

Plausible Gesture Grab (High Fidelity). A full-hand hand-tracking
modality that simulates the user’s finger movements based on
physics to grasp an object. This method provides the highest visual
and kinematic fidelity and a strong sense of immersion, but it is
susceptible to tracking errors and can increase physical fatigue
during prolonged use.

Pinch Grab (Medium Fidelity). This symbolic, low-fidelity gesture
executes a grasp by pinching the thumb and index finger together.
This method is simple and reliable, as shown by Schéfer et al. [38],
but can feel unnatural for grasping all types of objects. Although
the gesture itself is high-fidelity in the real world, in our implemen-
tation penetration into virtual objects is permitted, which reduces
its overall fidelity.

Controller Grab (Low Fidelity). An abstract, button-based modal-
ity that uses the physical grip button on the VR controller. Although
the least realistic in terms of ecological fidelity, it offers distinct
haptic feedback, low latency, and high reliability, providing clear
advantages in speed and accuracy. For consistency with the other
methods, a virtual hand was displayed and animated to form a
grasping pose when the grip button was pressed.

Object Shape. To analyze how an object’s affordance influences
the user’s grasping strategy, we selected five object shapes based
on an ’affordance spectrum. These shapes are visually summarized
in Figure 2, along with their associated affordance characteristics
and expected grasping strategies.
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Cube. Note that the affordance descriptions in Figure 2 follow
prior work on VR grasping [3], which showed that isotropic objects
such as spheres typically elicit power grasps. However, we acknowl-
edge that affordances are modulated by object size; for example,
a small sphere may be more naturally grasped with a precision
grip than with a full-hand power grip. Likewise, smaller cubes may
encourage fingertip precision grasps on edges or vertices, whereas
larger cubes are more likely to be enveloped with a power grasp.

Sphere. As an isotropic, non-directional shape, it is intended
to purely afford a full-hand power grip [3]. Still, its affordance
also depends on scale, with smaller spheres being more suited for
precision grasps.

Cylinder. Its elongated, symmetric form partially limits full-hand
wrapping and naturally affords a precision grip using the fingertips.
Yet, depending on size, a thin cylinder strongly invites precision
grasping, while a thicker or larger one can accommodate power-like
wrapping with the whole hand.

Mug with Handle. This object provides a clear, learned, and func-
tional semantic affordance: “handles are for grasping.” This condi-
tion is used to evaluate whether users prioritize an object’s meaning
over its geometric shape.

Complex Object. We used the Stanford Bunny, an amorphous
object with no obvious grasping points. This is to test the hypothesis
that general-purpose interaction methods (controller, pinch) would
be advantageous when affordances are absent.

Object Size. Object size is a critical factor in determining the
grasp type. We used three sizes: small (3-5 cm), medium (7-9 cm),
and large (12-15 cm). The small size naturally affords a precision
grip, similar to the small objects handled in studies like Hiramatsu
et al. [23]. The medium size is designed to fit comfortably in one
hand and serves as a baseline for an ideal power grip, facilitating
comparisons between interaction methods. The large size is some-
what cumbersome to grasp with one hand and is intended to test
the limits of the power grip.

4.2 Dependent Variables

We evaluate the interactions comprehensively by measuring both
objective performance and subjective experience metrics.

Task Completion Time (TCT). Measured as the total time in sec-
onds from the moment the experiment participant presses a button
to spawn the object until the experiment participant presses a but-
ton to confirm successful placement at the target location. The
experiment participant confirmed placement once the object was
stably positioned within the target area without further adjustment
attempts. We deliberately avoided an automatic detection proce-
dure (e.g., collision triggers) because participants were allowed to
release and re-adjust the object multiple times before finalizing
their placement, which required human judgment to ensure the
task was truly complete.

Placement Accuracy. Measured as the Euclidean distance (in cm)
on the XZ-plane between the center of the target and the Center
of Mass of the placed object. We excluded the Y-axis (vertical)
component from this measurement because larger objects tend to
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produce greater vertical offset errors due to their height, which
could distort accuracy comparisons across differently sized stimuli.

Cognitive Load. After the task, participants completed the NASA-
TLX questionnaire to measure perceived mental and physical de-
mand, temporal pressure, effort, and frustration.

Presence and Immersion. We used the Igroup Presence Ques-
tionnaire (IPQ) to assess how much participants felt present and
immersed in the virtual environment.

4.3 Terminology clarification

In this paper, we distinguish between a biomechanical grasp type
and a VR interaction implementation. The term power grip refers to
a grasp taxonomy category from the motor control and ergonomics
literature, in which the object is stably enveloped by the whole hand
[9, 14, 33]. By contrast, plausible gesture grab denotes our hand-
tracking based interaction technique implemented in VR. It renders
and constrains a virtual hand to follow the user’s finger kinematics
and object contacts, but it is not bound to a single taxonomic grasp;
depending on the object’s affordances and size, the resulting pose
can resemble a power grip or a more precision-oriented configura-
tion. For completeness, the pinch grab in our study is a symbolic
two-finger gesture that allows virtual interpenetration.

4.4 Task and Procedure

Task: Participants performed a ‘Pick-and-Place’ task, a standard
paradigm in HCI research. The goal was to pick up an object from a
virtual table and place it accurately at a designated target location.

Procedure: The experiment followed the sequence: [Briefing
and Informed Consent] — [Training Session per Interaction Method]
— [Main Task Blocks] — [Subjective Questionnaires]. After re-
ceiving detailed task instructions, participants provided written
informed consent. For each interaction method assigned by the
Latin Square, participants first completed a training session con-
sisting of 15 practice trials (5 shapes x 3 sizes) to become familiar
with the interaction modality.

The main task was performed as follows: participants pressed
a virtual button in front of them to initiate each trial. This action
caused the object to appear on the table and simultaneously trig-
gered the start of the TCT measurement. The blue-marked area
served only as a consistent starting location for the object to spawn.
Participants were instructed to grasp the object that appeared from
this area and place it onto the red-marked target area. The distance
between the two areas was fixed at approximately 50 cm. Crucially,
participants were given no constraints on how or where on the
object they should grasp, allowing for natural interaction. To main-
tain consistency across conditions and reduce task complexity, all
grasping actions were performed exclusively with the participant’s
dominant hand. Upon successful placement, they pressed the same
virtual button again to end the trial. At that moment, the next object
appeared immediately, and the timer restarted. Each block consisted
of 15 such consecutive trials with randomized combinations of ob-
ject shapes and sizes. An overview of this procedure is illustrated
in Figure 1.

Participants repeated this block three times for each interaction
method, resulting in a total of 135 trials (15 trials x 3 repetitions x 3
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interaction methods). The number of repetitions was intentionally
limited to avoid excessive learning or habituation effects that could
bias the results. To minimize affordance learning, each condition
appeared only once per block.

All subjective questionnaires were administered within the VR
environment immediately after each block to minimize breaks in
presence and enhance ecological validity. A short debriefing inter-
view was conducted after the completion of all sessions.

4.5 Participants

15 participants (10 male, 5 female, mean age = 24.05, SD = 1.39) from
the university community participated. All were right-handed with
varying VR experience: 10 low, 2 moderate, 3 high. The experiment
used Meta Quest 3 in a controlled lab setting with a co-located
physical desk providing passive haptic feedback [28]. Participants
gave informed consent and received $10 compensation.

5 Results

All data were analyzed using a three-way repeated-measures ANOVA
to examine the effects of Grasp Method, Object Shape, and Object
Size on the primary dependent variables. We verified the assump-
tion of sphericity using Mauchly’s test; where this assumption
was violated, we applied Greenhouse—Geisser corrections to the
degrees of freedom. Normality was assessed using Shapiro-Wilk
tests on model residuals; although some deviations were observed,
the ANOVA is robust to moderate non-normality in a balanced
within-subjects design [39]. Effect sizes are reported as partial eta
squared (7712,) and interpreted using Cohen’s guidelines where .01,
.06, and .14 represent small, medium, and large effects, respectively.
For all significant effects, we conducted post-hoc pairwise two-
tailed paired t-tests on participant means, with Holm-Bonferroni
correction to control the family-wise error rate.

5.1 Results for Task Completion Time (TCT)

The analysis of Task Completion Time (TCT) revealed significant
main effects for all three factors, as well as significant two-way and
three-way interaction effects.

5.1.1  Main Effects. All three independent variables significantly
affected TCT. The effect of grasp method was significant, F(2, 28) =
68.83,p < .001, ryf, = .831. Post-hoc tests confirmed that controller-
based grasping yielded the shortest TCTs, followed by pinch and
plausible, with all pairwise differences statistically significant (pyoim
.001).

Object shape also had a significant effect, F(4,56) = 4.52,p =
.0031, r]f, = .244, with participants completing tasks faster with
simpler shapes (e.g., Cube, Sphere) compared to more complex ones
(e.g., Mug, Stanford Bunny) (pyolm < -05).

Finally, object size showed a significant effect, F(2, 28) = 5.80,p =
.0078, 17121 =.293, such that medium-sized objects were grasped sig-
nificantly faster than both small (pyjo)y, = .007) and large (pgoim =
.005) ones, while no difference was found between small and large

objects (PHolm = -89).

5.1.2 Interaction Effects. Multiple significant interactions were
identified, revealing that the effectiveness of grasp methods de-
pended on object properties.
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Figure 3: Interaction effects of Grasp Method with Object
Shape (top) and Object Size (bottom) on Task Completion
Time (TCT).

The interaction between grasp method and object shape was
significant, F(8,112) = 4.44, p < .001, 77?, = .24. While the controller
method consistently outperformed the others, the performance
gap was more pronounced for complex shapes, especially between
controller and plausible grasping of the Mug (see top of Figure 3).

The interaction between grasp method and object size was also
significant, F(4,56) = 6.41,p < .001, 1712, = .31. While the controller
method maintained relatively stable TCTs across object sizes, post-
hoc analyses revealed that the plausible method required signif-
icantly longer completion times for both small and large objects
compared to medium ones, whereas the pinch method showed a
similar but weaker trend (p < .05). As illustrated in the bottom of
Figure 3, these differences appear subtle in the boxplot visualization
but were statistically reliable.

The interaction between object shape and object size was not
significant, F(8,112) = 1.99, p = .054, r]f, = .12, suggesting that the
effect of size on TCT did not vary meaningfully across different
object shapes.

Finally, a significant three-way interaction among grasp method,

object shape, and object size emerged, F(16, 224) = 2.82, p = .0004, r]IZJ =

.17. This indicates that the combined influence of all three factors
determined overall performance. For example, the performance
cost of the plausible method was most pronounced for the large
Mug, where the combination of a challenging size and a specific
affordance (the handle) resulted in the longest completion times,
highlighting how the drawbacks of high-fidelity interaction are
magnified by complex object properties.
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As illustrated in Figure 3, the controller method maintained
consistently low TCTs across all shapes and sizes, while plausible
grasping showed increased variance and elevated completion times,
particularly for complex or larger objects such as the Mug and
Stanford Bunny.

Table 1: Holm-corrected p-values for pairwise comparisons
across Grasp Methods by Object Shapes and Sizes (Task Com-
pletion Time).

Object Shape | Object Size
Comparison Cube Cylinder Sphere Mug Stanford-Bunny ‘ Small Medium Large
Controller vs. Pinch 005 007 009 .003 .002 <.001 <.001 <.001
Controller vs. Plausible < .001 <.001 <.001 <.001 <.001 <.001 <.001 <.001
Pinch vs. Plausible 011 006 .008 <.001 <.001 <.001 <.001 <.001

5.1.3  Post-hoc Analyses. Post-hoc pairwise two-tailed paired t-
tests (Holm-Bonferroni-adjusted) were conducted to further inves-
tigate the significant interactions, with key results summarized in
Table 1.

As shown in Table 1, the controller method was significantly
faster than both pinch and plausible methods across every tested
object shape and size (pygolm < .005). This underscores the robust
superiority of the controller method regardless of the object’s geo-
metric complexity or scale.

The performance degradation for the plausible method was most
severe for complex and large objects. The performance gap between
pinch and plausible widened substantially for the Mug and Stanford-
Bunny shapes compared to the simple Cube (pygoly < .001). These
results highlight the limitations of high-fidelity interaction when
dealing with challenging object affordances.

5.2 Results for Placement Accuracy

We conducted a three-way repeated-measures ANOVA to examine
the effects of Grasp Method (Controller, Pinch, Plausible), Object
Shape (Cube, Cylinder, Mug, Sphere, Stanford-Bunny), and Object
Size (Small, Medium, Large) on placement accuracy, defined as the
Euclidean distance between the placed object’s center and the target
location.

5.2.1 Main Effects. The analysis revealed significant main effects
for all three independent variables:

The interaction between grasp method and object shape was
significant, F(8,112) = 5.06, p < .001. This result indicates that the
effect of grasping technique on accuracy was modulated by the
shape of the object, with larger differences among grasp methods
observed for more complex shapes.

The interaction between grasp method and object size was also
significant, F(4,56) = 2.61, p = .045. While the controller method
maintained stable performance across all object sizes, accuracy for
the pinch and plausible methods declined for small and large objects
compared to medium ones.

The interaction between object shape and object size was signif-
icant, F(8,112) = 35.57, p < .001. This suggests that the influence
of object size on placement accuracy varied across different ob-
ject shapes, with more pronounced effects observed for irregular
geometries.
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Figure 4: Placement error by grasp method across shape (top)
and size (bottom).

Finally, the three-way interaction among grasp method, object
shape, and object size was not statistically significant, F(16,224) =
1.08, p = .374. This indicates that their combined effect did not
produce additional interactive variance in placement accuracy.

5.2.2 Interaction Effects. In addition to the main effects, several
interaction effects were identified.

The interaction between grasp method and object shape was
significant, F(8,112) = 5.06, p < .001, indicating that the effect of
grasping technique on accuracy was modulated by the shape of the
object. Larger differences among grasp methods were observed for
more complex shapes.

The interaction between grasp method and object size was also
significant, F(4, 56) = 2.61, p = .045. While the controller method
maintained stable performance across all object sizes, accuracy for
the pinch and plausible methods declined for small and large objects
compared to medium ones.

The interaction between object shape and object size was sig-
nificant, F(8,112) = 35.57, p < .001, showing that the influence of
size on placement accuracy varied across different object shapes,
with more pronounced effects observed for irregular geometries.

Finally, the three-way interaction among grasp method, object
shape, and object size was not statistically significant, F(16,224) =
1.08, p = .374, indicating that their combined effect did not produce
additional interactive variance in placement accuracy.

Overall, these results indicate that both grasping technique and
object characteristics (shape and size) independently and interac-
tively influence placement accuracy. Notably, the Controller method
demonstrated robust performance across all conditions, while high-
fidelity methods like Plausible grasping showed greater sensitivity
to changes in object geometry and scale.

5.2.3 Post-hoc Analyses. To further examine the significant ef-
fects of Grasp Method in conjunction with Object Shape and Ob-
Jject Size, we ran post-hoc pairwise two-tailed paired t-tests with
Holm-Bonferroni adjustments.
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Table 2: Pairwise p-values for comparisons across Grasp
Methods by Object Shape and Size (Placement Accuracy). Val-
ues are Holm-Bonferroni corrected from two-tailed paired
t-tests.

Object Shape ‘ Object Size
Comparison Cube Cylinder Mug Sphere Stanford-Bunny | Small Medium Large
Controller vs. Pinch 0.869 0.797 <.001 0.357 0.196 0.838 0.007 0.142
Plausible vs. Controller ~ 0.046 0.211 <.001 0.928 0.156 0.071 <.001 0.272
Plausible vs. Pinch 0.014 0.143 <.001 0.558 0.758 0.060 0.054 0.871
NASA-TLX by Grasping Method IPQ Score by Grasping Method
10 Condition | 7
= Plausible
«Pinch
—Controller ¢
8
5
X ;
S w4
w o
2
a4 3
2
2
1
Mental Physical Temporal Performance Effort Frustration 1PQ Total

Demand Demand Demand
NASA-TLX Subscale

Figure 5: Subjective workload (NASA-TLX) and presence (IPQ)
ratings by grasping method. Error bars represent interquar-
tile ranges.

Post-hoc analyses, summarized in Table 2, revealed that the
accuracy of grasp methods was highly dependent on the object’s
shape. The controller method’s superiority was only evident for the
irregular Mug shape, where it was significantly more accurate than
both pinch (p < .001) and plausible (p < .001). For simpler shapes
such as the Cube, Cylinder, and Sphere, there was no significant
difference in accuracy between the controller and pinch methods.

The high-fidelity plausible method showed significant limitations
only under specific conditions. It was significantly less accurate
than the pinch method for the Cube (p = .014) and Mug (p < .001).
However, for other shapes and most size conditions, its accuracy
was not significantly different from the pinch method. This sug-
gests that the challenge for high-fidelity interaction is not universal
but emerges when handling objects with sharp, regular geometry
(Cube) or highly irregular affordances (Mug).

5.3 Subjective Measures

We assessed participants’ subjective experience using two estab-
lished instruments: the NASA Task Load Index (NASA-TLX) for
cognitive workload and the Igroup Presence Questionnaire (IPQ)
for perceived presence.

NASA-TLX. A repeated-measures ANOVA was conducted on
each subscale of the NASA-TLX to evaluate perceived workload
across three grasping methods (Controller, Pinch, Plausible). The
results revealed significant main effects of Grasp Method on four
subscales: Physical Demand, F(2,28) = 11.43, p = .0002, 7712, =
.45; Effort, F(2,28) = 6.81, p = .0039, r]f, = .33; Mental Demand,
F(2,28) = 5.15, p = .0125, 17[2, = .27; and Performance, F(2,28) =
3.60, p = .0405, 7712, = .21. In contrast, no significant effects were
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Figure 6: Hand position heatmaps Each heatmap visualizes
the spatial density of the average fingertip position for hand-
tracking methods and the controller’s sensor position.

found for Temporal Demand, F(2,28) = 1.23, p = .307, 71; = .08, or
Frustration, F(2,28) = 2.91, p = .071, r;f, =.17.

Post-hoc comparisons (Holm-corrected) showed that the Plausi-
ble gesture method was rated as significantly more physically de-
manding than the Controller method (p = .005, d, = 0.93). All other
pairwise comparisons for the remaining subscales did not reach
statistical significance after correction. These findings suggest that
while the Plausible method may increase perceived physical effort,
other aspects of workload did not differ reliably across grasping
techniques.

IPQ. To measure the sense of presence, we computed a total IPQ
score by summing its 14 items. A repeated-measures ANOVA on
this total score showed a significant main effect of Grasp Method,
F(2,28) = 10.57, p = .0004, 17?, = .43. Post-hoc pairwise compar-
isons (with Holm-Bonferroni correction) revealed that the Plausible
condition yielded significantly higher presence scores than both
the Pinch (p = .0366, d; = 0.60) and Controller (p = .0077, d, = 0.89)
conditions. Additionally, the Pinch method was rated significantly
higher than the Controller method (p = .0024, d, = 1.10), indicating
a graded effect of interaction fidelity on the subjective sense of
presence. These findings confirm that interaction methods with
higher fidelity significantly enhance the user’s feeling of being
present in the virtual environment. The generally high IPQ scores
across all conditions can be explained by our experimental setup:
the simple and focused pick-and-place task helped maintain immer-
sion, a consistent virtual hand model was shown in all conditions,
and the virtual table and buttons were co-located with a real desk,
providing natural passive haptic feedback.

5.4 Plausible Interaction Results

This study aimed to investigate the influence of affordance by visu-
alizing hand dwell points on the XZ plane, derived from 3D hand
coordinate data. For analytical consistency, the data was visualized
within a unified coordinate range. The DBSCAN algorithm was
applied to identify dense clusters, representing areas where the
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Figure 7: Hand position heatmaps for the Bunny object. The
layout and data source definition are consistent with Figure 6.
The annotation (D) highlights the key size-dependent grasp-
ing strategy for the plausible interaction

hand remained for extended periods. DBSCAN (Density-Based Spa-
tial Clustering of Applications with Noise) was chosen for its key
strengths: its proficiency in identifying density-based clusters, its
ability to automatically determine the cluster count, and its capacity
to detect clusters of arbitrary shapes.

The following analysis is based on the hand position heatmaps
presented in Figure 6. To resolve previous ambiguities in object
orientation, all visualizations are displayed on the world XZ plane
(X-axis right, Z-axis forward), with a semi-transparent 3D model
overlaid on each 2D projection. In all conditions, the mug handle
and the bunny’s head are consistently oriented towards the +X axis.

Dense, concentrated lobes indicate that grasps were drawn to
specific “attractors,” typically aligned with clear affordances. Con-
versely, dispersed or bimodal patterns signify user uncertainty or
the adoption of alternative, exploratory strategies when a primary
affordance is absent or unsuitable.

For the Mugcup, Plausible grasps were intuitively guided by the
object’s form. In the Large size condition, user interactions were
highly concentrated on the handle, the object’s primary affordance
(Figure 6A). For the Small size, however, a bimodal distribution
emerged, indicating that users employed an alternative strategy of
grasping both the handle and the cup’s body (Figure 6B).

The Bunny’s weak affordance led to distinctly size-dependent
strategies. For the Small size, users targeted the most prominent
feature—the head—as a makeshift handle, resulting in a relatively
concentrated pattern; this strategy was not viable for the Large
size, leading to scattered and exploratory attempts across the body,
which visually confirms user uncertainty when a clear affordance
is absent (Figure 7D).

The heatmaps clearly show how the interaction modality can
override object affordance. The Controller interaction, in particu-
lar, produced a consistent, affordance-agnostic approach pattern
that remained nearly identical regardless of the object or its size
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(Figure 6C). This visually demonstrates how lower-fidelity, sym-
bolic interactions are governed by their mechanical or gestural
constraints, minimizing the influence of object affordance.

6 Discussion

This study examined trade-offs between VR grasping methods based
on interaction fidelity and object affordance. Our findings show that
method effectiveness varies with object characteristics and user
goals. This section interprets these results and provides practical
guidelines for VR object grasping.

6.1 The Dominance of Pragmatic Quality

Our first research question (RQ1) concerned the impact of grasping
techniques on task performance. The results significantly demon-
strate that the Controller grab was superior in terms of both
speed (TCT) and precision (Placement Accuracy). This out-
come aligns with a significant body of prior work emphasizing the
pragmatic benefits of controllers [35, 38]. As illustrated in Figure 3
and Figure 4, the controller’s performance remained remarkably
stable and efficient regardless of the object’s shape or size.

This objective superiority was mirrored in our subjective findings
(RQ2). The Controller method consistently scored the lowest on the
NASA-TLX for Physical Demand, Mental Demand, and Effort
(see Figure 5). This indicates that its abstract, low-fidelity nature
minimizes user workload. By bypassing the complexities of hand
tracking and physics simulation, a simple controller’s button press
allows users to achieve their goals with maximum efficiency and
minimal cognitive strain. This indicates that in object grasping
tasks, low-effort interaction plays a particularly important role for
efficient and accurate manipulation.

6.2 Hedonic Quality and the Cost of Fidelity

A core motivation for this study was to understand how object
affordance influences the trade-off between performance and nat-
uralness in object grasping tasks. While the Controller excelled
in performance, the Plausible grab provided a significantly
higher sense of presence, as measured by the IPQ (Figure 5). This
confirms its value in delivering hedonic quality the feeling of being
genuinely in the virtual world.

However, this heightened immersion came at a significant cost.
The Plausible grab was the slowest and least accurate method and
was also rated as the most demanding on all relevant NASA-TLX
subscales. Its performance degraded significantly when interacting
with objects that had weak or challenging affordances. For instance,
TCT and placement error for the Plausible grab increased for com-
plex shapes like the Mug and the Stanford Bunny compared to
simple shapes like the Cube (Figure 3 and 4). Similarly, efficiency
decreased for very small or large objects, which are more difficult
to handle with a full-hand grasp.

The performance degradation of the Plausible grab, despite its
high immersion, warrants a multi-faceted interpretation. One com-
pelling lens is the "Uncanny Valley of Interaction" [32], where
the sensory mismatch of seeing the virtual hand make contact with-
out the expected haptic confirmation likely generates a "prediction
error” [7]. This conflict can add cognitive load and hesitation, which
manifested as increased TCT and reduced placement accuracy.

VRST ’25, November 12-14, 2025, Montreal, QC, Canada

However, attributing the performance cost solely to this sensory
mismatch would be an oversimplification. A more direct factor
is the intrinsic complexity of the control method itself. Un-
like the simple, binary input of a controller button, the Plausible
grab requires continuous fine-motor control with many degrees
of freedom. This complexity, combined with the lack of physical
constraints and potential tracking inaccuracies, directly contributes
to the higher workload in the NASA-TLX scores. Therefore, the
performance deficit of the Plausible grab likely arises from both a
perceptual-motor conflict and the higher intrinsic difficulty
of the control scheme.

6.3 Design Implications and Guidelines

Based on our findings, we offer guidelines to answer: Which grasp-
ing method best fits a given object-grasping context?

First, for tasks where speed, accuracy, and low cognitive load
are paramount (e.g., competitive games, professional training), the
controller-based grasp should be prioritized. Its robustness across
various objects ensures dependable performance in time-sensitive
or error-prone environments, making it the safest and most effective
choice.

Second, when the goal is to maximize immersion, presence, and
naturalness, as in narrative or social VR, the plausible gesture-
based grab is superior despite its performance trade-offs. It en-
hances presence but incurs slower completion times, reduced ac-
curacy, and higher physical effort. To mitigate these drawbacks,
this method is best suited for medium-sized objects with clear, pre-
dictable affordances that support unambiguous grasping actions.

Third, the pinch grab offers a practical compromise between
fidelity and reliability. More natural than a controller yet less de-
manding and more stable than a full plausible gesture, it is ideal for
tasks requiring a blend of precision and hand interaction, particu-
larly with small objects where a precision grip feels natural.

7 Limitations and Future Work

This study has several limitations suggesting directions for future
research. First, the sample size of 15 participants may limit sta-
tistical power and generalizability. Second, although conducted
on Meta Quest 3, the observed trade-offs reflect general interac-
tion categories (abstract, symbolic, and high-fidelity) applicable
across platforms, rather than device-specific features. Minor jitter
and tracking errors may have influenced the results, warranting
replication with more advanced systems. Third, only five basic
object shapes were tested, excluding affordances from dynamic,
deformable, or tool-like objects. Finally, the task was restricted
to pick-and-place actions; future studies should investigate these
methods in more complex tasks like assembly or tool use to derive
practical design guidelines.
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