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Figure 1: In both studies, the participant wears the headset and designs gestures after being presented with the referents with
animation (e.g., “Move the Rightmost Building Close”). Both studies used the same participants, referents and environment (two
buildings and smoke). Left: Augmented Reality (AR) study environment, where participants view their own hand. Right: Virtual
Reality (VR) study environment, where participants view a virtual hand.

ABSTRACT

Gesture elicitation is a common way to map commands, e.g., ac-
tions or referents, to gestures by reaching an agreement between
participants. However, it is uncertain how gestures elicited in Vir-
tual Reality (VR) transfer to Augmented Reality (AR) and vice
versa. Using a wind-simulation virtual environment that supports
gesture interaction with concepts, we aim to explore and compare
gesture-elicitation results from participants in AR and VR for the
33 referents presented. By analyzing gesture elicitation for differ-
ent types of referents across the two technologies within five ref-
erent categories, this study shows that, except for the translation
category, participants’ gestures in AR and VR were highly similar.
The specific result for the translation category is likely due to its
reliance on the physical surface. This also provides a foundational
context for deeper understanding in future research.

Index Terms: Virtual Reality, Augmented Reality, Gestures, Elic-
itation Study, Human Computer Interaction

1 INTRODUCTION

Elicitation studies are widely used in Human-Computer Interaction
(HCI) [7, 50, 61], serving as a participatory, human-centered de-
sign method to identify the action most commonly agreed upon
by participants [53, 58]. For gestures, past work has used elic-
itation studies in Augmented Reality (AR) [25, 45] and Virtual
Reality (VR) [18, 38] to identify gestures for three-dimensional
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(3D) object manipulation, such as translation, rotation, and scal-
ing, as well as system-level gestures like menu switch in TV. How-
ever, an open question is whether gesture sets are consistent and
available across both AR and VR. Previous AR/VR comparison
studies [21, 22, 23] examined technical transferability; they over-
looked whether gesture design would differ across levels of immer-
sion, which distinguishes our work. Li et al. also examined differ-
ences in immersion between AR and VR, which may lead to distinct
preferences among user groups [26]. Our research fills this gap
by investigating the consistency and availability of gestures in
AR and VR, as the similarity of gestures across technologies not
only affects the continuity of the user’s experience across modal-
ities [22] but also influences the learnability of interaction meth-
ods [61]. Therefore, understanding whether users’ gesture prefer-
ences across AR and VR are similar or different is important for
designing novel gestural interactions. To our knowledge, we are
the first to examine this problem using gesture elicitation in AR
and VR. The closest work compared real-world gestures with VR
gestures using elicitation studies [40].

Our first research question (RQ1) examines What similarities
and differences are found in hand gestures when the same elicita-
tion study is performed in AR versus VR? Our goal is to understand
the influence of technology on users’ gesture choices during an elic-
itation study. By identifying where user preferences converge and
diverge across modalities, our findings provide theoretical support
for designing unified XR interaction patterns, thereby serving as a
stepping stone for exploring ways to reduce user learning costs dur-
ing transitions between AR and VR. Our second research question
(RQ2) investigates What gestures are commonly agreed upon by
participants across VR and AR?, aiming to assess the consistency
of gestures identified in the elicitation study by comparing the most
frequent gestures in both VR and AR. Finally, research question
RQ3 aims to understand users’ perceptions of each technology and
asks: How would users perceive the gestures they generated after
using AR and VR?.

The main contributions of this work are as follows: (1) A key
novelty of our experimental design is its direct comparison of ges-
ture elicitation in AR and VR, which, to the best of our knowl-



edge, has not been explored in prior work. (2) By analyzing semi-
structured interviews (using thematic analysis), this study investi-
gated the factors influencing users’ perspectives on gesture design
when using AR vs VR. This helped us to understand participants’
primary requirements for gesture design across both technologies
from their perspective. (3) A discussion of future design opportu-
nities for technology-adaptive gestures, along with design recom-
mendations.

2 RELATED WORK
2.1 Gesture Preference
In the context of the elicitation methodology, several factors can
influence the gestures users create for the same action or referent,
including cultural background [29], physical ability or motor im-
pairments [2], age [14], number of objects [54], and the specific
technology or interface being used [61]. Cultural similarities and
differences can play a role in user-defined gestures, e.g., a study
across nine countries found a generally high level of agreement in
the use of gestures on small, handheld touchscreen interfaces across
cultures for 28 common actions like “zoom” and “copy” [29]. An-
other study found that wheelchair users preferred on-body and in-
air gestures over on-wheelchair gestures, often involving touch in-
put on the body or mid-air hand poses [2].

Elicitation studies have found that users’ gesture preferences
vary across interaction modes, such as desktop interaction [61],
controller-based interaction [18], and mid-air interaction [19].
In AR, freehand gestures are widely employed, and users prefer
one-handed gestures over two-handed gestures for single-object
manipulations, and both hands for multi-object interactions [37, 38,
54]. Wobbrock et al. showed that users rarely cared about the num-
ber of fingers they used and generally preferred one hand over two
for tabletop interactions [61]. On the other hand, in VR, natural
body-based movements are widely employed to enable immersive
experiences. However, many input techniques still rely on handheld
controllers due to the greater fatigue caused by prolonged mid-air
hand gestures [19]. We did not find prior work that directly com-
pares AR- and VR-elicited gestures in the same environment.

2.2 Gestures Elicitation
In HCI, elicitation studies [51, 58, 61] have been extensively stud-
ied (e.g., [7, 50]), including in the domain of education [64] to un-
derstand user-centered interaction scenarios. This method, intro-
duced by Wobbrock et al. [61], involves collecting and analyzing
data on user behavior and interaction preferences. To achieve con-
sensus, participants are asked to propose spontaneous gestures that
correspond to the referents (i.e., actions) presented to them. The
referents can be in text form [56], animation form [30, 57], and im-
age form [5, 43], among others. For example, the referents can be
prompts such as “move the object upward” or “delete the object”
in text form. The primary advantage of playing animations is that
they provide users with additional information, enhancing their un-
derstanding of the referents [31].

Elicitation studies can be used in various systems, such as mobile
phones [44], televisions [52], and bicycles [48], among others [30].
Elicitation studies also aid in understanding user interaction prefer-
ences across different environments, such as full-body interactions
for children [50], nose micro-gestures [42], and foot gestures [11].
Hence, this method can be used to explore suitable designs for users
and ensure that these designs are more intuitive and natural than
those designed without user input [61]. In addition, gesture designs
in elicitation studies are also diverse, such as microgestures [4, 46]
and freehand gestures [28, 62].

2.3 Comparisons between AR and VR
Past work has identified differences between AR and VR based on
users’ experiences. Comparisons between AR and VR have been

explored across various fields, such as STEM education [1] and
exposure therapy [49]. According to the Reality-Virtuality Contin-
uum proposed by Milgram [33], AR and VR lie along a spectrum
ranging from the physical environment to a fully virtual one. AR
enriches the physical world by overlaying digital information [16].
In contrast, VR provides an immersive virtual space that isolates
users from their physical surroundings [9, 59]. Starting from Ellis’s
early discussions on the interaction between AR and VR [8], studies
have shown that the two technologies still have certain similarities
in information-seeking tasks [23] and software usability [22].

In the field of interaction research, Perera et al. compared studies
on mid-air gestures for smart-home control commands in real and
virtual environments, and found that the two environments were
generally similar in terms of usability and user experience [40].
However, participants in the VR condition reported a higher sense
of immersion [40]. Li et al. pointed out that differences in im-
mersive experience, interaction forms, and other factors between
AR and VR can influence users’ feelings of interaction [26]. For
example, users in AR pay attention to their presence in the real
world; however, VR provides a more immersive experience [26].
Moreover, Gaffary et al. showed that participants exhibited differ-
ent biases in object perception in AR than in VR [12]. Specifically,
participants perceived objects in the AR environment as softer to
the touch than in the VR environment [12]. Although prior work
has demonstrated differences in user experience between AR and
VR, and in gesture elicitation across real and virtual environments,
it remains unclear whether AR and VR exhibit similar or distinct
patterns of gesture-based interaction in elicitation studies.

3 ELICITATION STUDY

The study was approved by Institutional Review Board (IRB).

Figure 2: Experimental setup: Left: Participant Area in VR. Middle:
Participant Area in AR. Right: Experimenter Area.

3.1 Methodology
Experiment Design The study employed a within-subjects

gesture elicitation design with a single independent variable: AR
or VR modality. Video see-through AR technology was used for
the AR condition. In both conditions, participants proposed ges-
tures for 33 referents within a controlled experimental environment.
Controlled within-subjects designs are standard practice in gesture
elicitation research [40, 56, 63]. To mitigate potential order effects,
participants were randomly assigned to one of two counterbalanced
groups (AR-first or VR-first). In addition, the evaluation tasks were
organized into four referent sets (RS1–RS4). RS1–RS4 are coun-
terbalanced referent order sets used in a Latin-square design to dis-
tribute the 33 referents and reduce order and learning effects.

Participants We recruited 16 participants (eight females, eight
males, no other gender reported) for the experiment from under-
graduate and graduate students, faculty, or alumni of Colorado State
University. We estimated their age at 27.6 years using interval mid-
points of age intervals [10]. All participants reported normal or
corrected-to-normal vision. When recruiting participants, we did
not require them to have any specific domain knowledge. Fourteen
participants had some knowledge of VR, while two had never used
VR devices before. Among participants with prior VR experience,



85.7% had used a VR headset 2–3 times per year, 7.1% every 2-3
months, and 7.1% 1–3 times per week. Regarding AR experience,
five participants had some knowledge, eight were unfamiliar, and
three reported no experience. Among the participants with prior
AR experience, 80% had used an AR headset 2–3 times per year,
while 20% had used it 1–3 times per week. Upon completing the
study, participants received either a $20 US gift card or a 1% related
class credit as compensation. Some participants were students who
opted to receive course credit.

Environment We conducted the study in a dedicated labora-
tory space, divided into separate areas for the participant (Partici-
pant Area) and the experimenter (Experimenter Area). A desk (ap-
proximately 5×2.5 feet), a chair, and 3 GoPro cameras with tripods
were set up in the participant area (approximately 12×10 feet). To
capture the user’s gestural data and interview content during the ex-
periment, three stationary GoPros were set up at the front, left, and
right sides of the desk. The experimenter controlled the application
scenario, compared the data, and conducted the interviews in the
experimenter area. Further details regarding the spatial layout are
provided in Figure 2. Note that the idea was to create a digital twin
of the experimental lab space in VR, so users could have a very
similar environment when viewing AR alongside the real desks.

Apparatus We developed both AR and VR environments in
Unreal Engine 5.2.1 using Unreal Meta XR Plugin 57.0 and the
Blueprint scripting language. These tools were used to implement
hand tracking and AR passthrough on the Meta Quest 3 headset1.
Finally, we used a desktop computer with an Intel(R) i9-11900F
processor and an NVIDIA GeForce RTX 3090 GPU for develop-
ment and running the user study.

As shown in Figure 3, which is a screenshot of a participant’s
view during the VR and AR conditions, both modalities presented
a digital wind simulation with text-based referents. This simulation
included virtual buildings, smoke, and emitters. We developed the
3D wind simulation model using an in-house dataset collected from
real-world wind conditions. In Unreal Engine 5.2.1, 15 emitters
generated flowing particles to simulate the visual effect of smoke.
The model supported dynamic visualization and physics-based ob-
stacle interaction in both VR and AR. For example, when partici-
pants moved a virtual building, the direction of smoke updated in
real time. The main difference between VR and AR conditions
was how the surrounding environment and participants’ hands rep-
resented. In VR, we recreated the physical room from the real envi-
ronment using Blender 3.6 and included left and right virtual hands.
In AR, participants viewed the physical environment through video
passthrough and interacted using their real hands. In addition, the
software collects the following data in the background: 4K video of
the 3D gestures from three viewpoints (i.e., front, left, and right),
and the trajectory of finger joints in the gesture data space.

The decision for using a wind simulation environment was to go
beyond elicitation studies that have used either a single object (e.g.,
a cube) or multiple objects [56, 63]. We designed this environment
(see Figure 3) to be richer in interaction and usable later as an appli-
cation, thereby increasing the study’s ecological validity. While our
research project did not consider the educational aspects of this en-
vironment, the application we used may allow people to understand
wind forces.

The wind simulation provides participants with a dynamic and
intuitive representation of object movement. By observing changes
in wind force and the resulting movement of the object, participants
can clearly understand the expected outcome of gesture-based ma-
nipulation [36]. The continuous visual cues in the scene allow par-
ticipants to rely on their understanding when designing gestures.
The direction and color of the wind also change according to the

1https://www.meta.com/quest/quest-3/

Figure 3: The view the participant sees during the study. The left half
is the AR environment, while the right half is the VR environment.
The environments include a building, emitters, smoke, and, for the
VR scenario, a virtual hand inside the virtual environment.

object’s state. For example, when the wind interacts with the ob-
ject, its color shifts to red Figure 3. Rather than manipulating a
single object, the simulation presents the entire process of wind
forces and object motion in a simplified environment. This helps
participants to develop a clearer understanding of the task and in-
fer the action goal from the overall context. These features make
the wind simulation particularly suitable as a referent for elicitation
gesture-design tasks.

Referents We elicited 33 referents (i.e., commands or actions).
Each referent’s name and a sample animation graph are shown
in Figure 4. The references were selected for their potential to
facilitate manipulation and understanding of the wind simulation
environment. These referents include canonical manipulation ref-
erents (i.e., selection, translation, rotation, and scaling) [20, 25, 56],
as well as non-canonical referents needed for the wind simulation
system, necessitating adaptations to the rotation and selection ref-
erents. For example, rotating the building and emitters clockwise
and selecting the three emitters closest to the participants. More-
over, to expand the types of referents, we included referents that
support multi-object manipulation. For example, “Scale Building
and Emitter Down” and “Yaw Building and Emitter Clockwise”.
Furthermore, we included abstract referents based on realistic in-
teraction scenarios, such as “Change the Color”, “Open the Chart”,
and “Close the Chart”.

Procedure The study required each participant to complete
two experimental sessions across two visits: Session 1 (S1) on Day
1, and Session 2 (S2) on Day 4. Day 2 and 3 served as rest days, dur-
ing which participants followed their everyday routines. The gap in
experimental conditions was explicitly introduced to reduce the im-
pact of the elicitation provided in the first environment on the sec-
ond. Each elicitation session lasted between 1.5 and 2 hours.To mit-
igate potential order effects, participants were randomly assigned to
one of two counterbalanced groups: AR-first or VR-first.

In the first experimental session (day 1), participants gave in-
formed consent and completed a demographic questionnaire. Then,
the researcher explained the details of the user study and assisted
them in wearing the VR Head-Mounted Display (HMD). After-
ward, participants did two practice tasks to familiarize themselves
with the application environment, gesture interaction, animation
flow, and reference display format. During practice, participants
were encouraged to use the “think-aloud” protocol to choose their
preferred gestures from the ones suggested. After participants be-
came familiar with the prototype, they proceeded to the elicitation
phase, where they provided gestures for all 33 referents in response
to animation and text prompts. Each animation played five times in
a loop, but participants could request more loops if needed. Dur-
ing this phase, the researcher refrained from interfering with the
participants’ elicitation, e.g., asking to explain a gesture or choose

https://www.meta.com/quest/quest-3/


Figure 4: Example referents. R: Rightmost, B: Building, S: Smoke, E: Emitter, C: Clockwise, CC: Counter-Clockwise.

one. There was also no time limit, as participants requested the next
referent using words (e.g., “next”, “done”).

In the second experimental session (day 4), participants com-
pleted a procedure similar to the first session, but used the other
modality to visualize the wind simulation. After the elicitation
phase, participants completed a 7-point Likert survey on system
usage, which included evaluations of their comfort, understanding,
and clarity regarding the experimental content in the two environ-
mental scenarios (AR/VR). Participants also completed a recorded
semi-structured interview in which they shared their thoughts and
perspectives on the gestures they designed as they reviewed them.
We divided the interview into two parts. The first part involved re-
viewing gestures in a single scene, where participants only needed
to review either the content of the first or second experimental day
to assess the impact of gesture design (such as animation, environ-
ment, experience). The second part involved analyzing and dis-
cussing specific gestures (i.e., different or novel gestures) across
both experimental days. Participants could review gestures by
watching videos or listening to verbal descriptions provided by re-
searchers. They discussed the reasons for specific gestures and the
factors influencing their design.

3.2 Gesture Coding

For gesture coding, we first selected the gestures by determining
the final gesture for each referent provided by each participant. If
a participant proposed only one gesture for a referent, we accepted
it directly. For participants who provided multiple gestures for a
single referent, we selected the gesture they verbally chose during
think-aloud. This could allow us to capture their gesture choice
directly. If they did not select any gesture, we chose the first com-
pleted gesture and ignored the others, including repeated or incom-
plete gestures. We followed the approach used in prior elicitation
work [7], selecting the first gesture to simplify the analysis, as it
conveys participants’ intentions better. We do acknowledge that
Morris et al. proposed options to reduce legacy [34], yet Williams
et al. have shown that there is limited benefit in production for re-
ducing it [55], which was another reason to follow our approach
of taking the first gestures for those that didn’t indicate otherwise.
It was also very important that users not be interrupted at this mo-
ment, as we had asked them to think aloud.

After completing the gesture selection, we coded each gesture.
To reduce subjectivity in gesture coding and ensure the reliabil-
ity and effectiveness of the qualitative coding process, three re-
searchers employed a consensus-based coding approach [7, 32].
Two researchers coded the gesture data, and a third researcher led
them through the gesture classification process, including discus-
sions and adjustments to the codebook. The two researchers in-
dependently coded all gesture images for 16 participants. After
completing the coding for two participants, they would discuss and
compare similarities and differences in coding. If disagreements

Table 1: Representative categories from the gesture codebook. We
identified 29 hand-gesture types; but only six of them are added to
the table as examples.

Category Values

Hand gesture Tap, Grab, Hold, Pinch, Swipe, Point, . . .
Active hand Single hand, Both hands
Movement Move (6 orientations), Rotate (6 orientations)

arose during the discussion, we reviewed the data and revised as
needed, refined the coding method, or developed a new gesture
code. Based on the agreed-upon coding results, a code book was
created and iteratively refined. The third researcher tracked and re-
viewed the entire process.

We collected 1,056 gestures from 16 participants who performed
33 reference gestures in both VR and AR scenarios (33 gestures ×
2 days × 16 participants). Each gesture was independently coded,
and a gesture coding manual was compiled (as shown in Table 1).
If multiple gestures were consistent in terms of hand gesture, active
hand, and movement characteristics, they were considered as the
same gesture. We identified 178 unique gestures, following a com-
mon coding approach used in elicitation studies [61, 63] (see Fig-
ure 5 for details). During the discussion, ambiguous gesture names
were clarified. For example, the difference between gestures “hold”
and “grab” lies in whether the fingers present dynamic convergence.
Since this paper does not delve into the differences between dom-
inant and non-dominant hands in gestures, only single-handed or
two-handed operations were considered in the active hand. The
seven directions of orientation were named based on the gesture’s
location. For movement, the participant had hand or arm movement
in space when performing the gesture.

3.3 Data Analysis
Agreement Rate Calculation We utilized the AGATe 2.0 tool

(Agreement Analysis Toolkit)2 to compute agreement among par-
ticipants, including the agreement rate A R and (Vrd) significance
test. The agreement rate, A R, signifies the fraction of participant
pairs that concur with each other out of all potential pairs that could
possibly agree. For a single referent r, this is formally defined ac-
cording to Equation 3.3, where P denotes all proposals for referent
r and Pi represents subsets of equivalent proposals from P. We fol-
lowed Vatavu et al.’s marginal agreement rates and interpretations
to evaluate the level of consensus among participants for each refer-
ent [51]. An agreement rate above 0.30 represents high agreement,
below 0.10 indicates low agreement, and between 0.10 and 0.30 is
defined as medium agreement. Figure 6 presents the comparison

2http://depts.washington.edu/acelab/proj/dollar/agate.
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Figure 5: Hand gesture, gesture orientation, and gesture movement example diagram from code book.

of gesture agreement rates for AR and VR conditions using ges-
ture data. Two dotted lines in this figure indicate the agreement
rate [51].

A Rr =

∑
Pi⊆P

1
2 |Pi|(|Pi|−1)

1
2 |P|(|P|−1)

Statistical Analysis To analyze the results of a 7-point Lik-
ert survey, Cools et al. (2021) used the Wilcoxon Signed-Rank
test to compare user experience between AR and VR across 5
dimensions [6]. A one-way analysis of variance (ANOVA) was
used to analyze the scene sequences in the experiment [47]. To
analyze the gesture agreement rate results, we used the Shapiro-
Wilk (SW: W ) test to assess whether the data were normally dis-
tributed. For normally distributed data (translation and abstract
categories), we used a t-test to assess whether the environment
affected the gesture agreement rate. For non-normal data (all,
scale, and rotation categories), we used ART (Aligned Rank Trans-
form) ANOVA from ARTool (Align-and-rank data for nonparamet-
ric factorial ANOVA)3, calculated using R version 4.5.0 to evalu-
ate whether there were statistically significant effects [60]. Finally,
we removed the selection category due to its limited sample size
(n=2), which falls below the minimum threshold required for valid
ANOVA testing (>=5 data points per group).

4 RESULTS

4.1 System Usage Analysis

A Wilcoxon Signed-Rank test was conducted on the 7-point Lik-
ert survey for each dimension in both environments. Participants
reported consistency across dimensions such as usability, comfort,
animation quality, task clarity, and motion mapping (e.g., real hand
in AR and virtual hand in VR) during the AR and VR experiments.
All of the dimensions show no significant difference between the
AR and VR environments. 62.5% of the participants believed that
the virtual hand in VR could follow the real hand’s movements well.
75% of the participants indicated that they could clearly see their
real hands during the AR experiment. In addition, over 80% of
participants thought the animations and task instructions were clear
and understandable in both AR and VR environments.

4.2 AR and VR Condition Order Effect

In 16 participants, 8 (i.e., group 1) completed the AR experi-
ment first, followed by the VR experiment, while the other 8 (i.e.,
group 2) completed the experiments in reverse order. To investigate
whether completing the AR or VR condition first influenced the
gesture produced, a one-way ANOVA was conducted on gesture
consistency between the two groups. The measure of gesture con-
sistency for assessment is the number of identical gestures across
AR and VR for the 33 referents each participant performed. The
analysis revealed no significant difference between the two groups
(F (1,14) = 1.03, p = 0.33).

3https://depts.washington.edu/acelab/proj/art/

Table 2: The columns labeled A RAR and A RV R show the aver-
age gesture agreement rates for each referent category in AR and
VR. The final column reports the results of the ART ANOVA for non-
normally distributed data and the t-test for normally distributed data.
Statistically significant results are shown in bold.

Referent
Category

A RAR A RV R AR vs. VR

All Categories 0.20 0.18 F (1,64) = 0.640, p = 0.43
Rotation 0.26 0.24 F (1,18) = 0.680, p = 0.42
Scale 0.09 0.10 F (1,10) = 0.006, p = 0.94
Translation 0.34 0.25 t(14) = 2.26, p < 0.05
Abstract 0.07 0.06 t(12) = 0.28, p = 0.79

4.3 Gesture Agreement Across AR and VR
On average, the agreement rate was slightly higher in AR
(A RAR=0.20) than in VR (A RV R = 0.18) (as shown in Figure 6).
The influence of the referent type on the A R was significant for
each technology (VR: Vrd(32,N=528) = 661.527, p < 0.001, AR:
Vrd(32,N=528) = 155.295, p = 0.001). When comparing both modal-
ities, we observed a non-significant difference in A R (A RAR =
0.20 versus A RV R = 0.18, see Table 2). A further analysis of the
different categories (translation, rotation, scaling, selection, and ab-
stract) showed only a significant difference in translation. The A R
for translation gestures shows that gestures elicited in AR differ
from those elicited in VR.

4.4 Winning Gestures
We identified the winning gestures for each referent in both the AR
and VR environments. For each referent, every participant con-
tributed one primary gesture (as described in subsection 3.2). The
winning gesture (Top gesture) was defined as the gesture proposed
most frequently among participants for each referent, representing
the highest level of consensus. The Top-2 gesture was the second
most frequently chosen gesture. Table 3 shows the winning ges-
tures and their agreement rates for both environments.

Our analysis showed that 73% (52% for Top-2) of referents had
matching top gestures across AR and VR. These trends are visual-
ized in the highlighted table shown in Figure 7, where each cell
indicates whether the Top or Top-2 gesture for a given referent
matched across AR and VR (1 = match, 0 = no match). To further
explore individual consistency, we calculated the average number
of participants (68.2%) who used the same gesture for each refer-
ent across both conditions. These results are visualized in Figure 8.

4.5 Hand Usage in AR and VR
To investigate differences in finger and hand usage between AR
and VR, we analyzed the most frequently used hand configura-
tions among participants across different environments. Among
hand gestures, the “hold” (28% in VR, 32% in AR), “grab” (14.4%
in VR, 14.4% in AR), and “push” (9.5% in VR, 8.5% in AR) are
the three most frequently used in both AR and VR. For hand use,
single-hand and whole-hand operations remained the main modes
in both AR and VR.

https://depts.washington.edu/acelab/proj/art/


Figure 6: Agreement Rate in Virtual Reality and Augmented Reality for Each Referent with 95% Confidence Intervals. A R: Agreement Rate, B:
Building, E: Emitter, S: Smoke, R: Rightmost, C: Clockwise, CC: Counter Clockwise, V: Vertically, H: Horizontally.

Figure 7: Summary of gesture matches across referents, where “Top” refers to the winning gesture and “Top-2” indicates the second most
frequently selected gesture. B: Building, E: Emitter, S: Smoke, R: Rightmost, C: Clockwise, CC: Counter Clockwise, V: Vertically, H: Horizontally.

4.6 Interview Findings
Semi-structured interviews were conducted at the end of the ex-
periment (Day 4), yielding 446 sentences of participant feedback
on gesture design across AR and VR. Two authors independently
performed a thematic analysis [3] using the Affinity Diagramming
method [27]. Each author reviewed the transcripts, identified re-
curring patterns, and organized the data into preliminary themes to
ensure unbiased interpretations. After completing their individual
analyses, they compared their findings and collaboratively refined
the themes through deliberation.

The analysis showed that participants’ gesture design decisions
in both AR and VR were shaped by multiple factors: uniqueness
(50%), simplicity (44%), naturalness (19%), comfort (13%), ani-
mation task (94%), and prior interaction experience (37%). In ad-
dition, participants shared the sources of their gesture design inspi-
ration. For example, integration with motion effects, device inter-
action experience, and familiar real-world gestures.

Uniqueness Half of the participants emphasized the impor-
tance of designing distinct gestures for different tasks. They often
modified gestures based on task-specific nuances, such as using one
hand to select a single object versus two hands to select multiple
objects. This aligns with findings from previous studies [63, 39].
Conversely, one participant emphasized the value of consistency
for similar tasks, explaining: “For each different task, I was look-
ing for correlations between gestures and tasks. For example, if you
rotate pitch up and down, I would consider using similar gestures”
(P7).

Memorability Nearly half of the participants (44%) consid-
ered gesture simplicity an important factor in their design process,
valuing it for both ease of execution and memorability. As P14 indi-
cated, a simple gesture is easier to remember. Furthermore, simple
gestures may help manage high-demand tasks (i.e., those requiring
multiple steps or actions [56]). For example, P9 mentioned that “I
tried to think about how to select all of them at the same time.”

Naturalness Three participants stated that when considering
gesture design, they would like to use some natural gestures. These
natural gestures can help them understand and complete some ab-
stract referents. For example, most participants mentioned that it
was hard to design a unique gesture for the referents of turning the
emitters on and off. So some of them pushed the desk as if they
were pressing a button to turn the emitters on or off. P4 mentioned,
“I think the gesture I did today, like using a button to turn on and
off, ... is more natural.”

Comfort Although gesture comfort was considered in prior
work as a factor in gesture interaction [24, 39], only two partici-
pants reported considering gesture comfort during the design pro-
cess. For instance, P16 mentioned that optimizing hand comfort is
the primary consideration.

Referent Type The majority of participants (94%) reported
that their gesture design was primarily influenced by the task re-
quirements, particularly the need to demonstrate animations. For
example, P4 emphasized the importance of the animation, stat-
ing,“..., I can see the building movement,..., If the animation
changes [even if there is a minor change], my gesture will change
too. ” Additionally, 25% of participants mentioned that they fo-
cused more on interpreting the meaning of the animation rather than
strictly following its motion. As P6 explained, “I think I can move
or do anything I want [after getting the meaning of animation].”

Prior Interaction Experience Two participants indicated they
would use their experience with physical manipulation. For exam-
ple, if the object is very large or looks like a cup with a handle, the
participants will adjust their gestures to match its shape. This has
been validated previously by Zhou et al., who showed that when
there is more than one object (e.g., a cube vs. a more complex envi-
ronment), users rely on physical manipulations [63]. For instance,
they will hold the handle rather than just the cup. P11 mentioned
this during the interview; “The shape and perceived sturdiness of
the objects it affect the gestures, at lease the movement gestures.”



Table 3: Agreement Rates in VR and AR. A R: Agreement Rate, R: Rightmost, B: Building, E: Emitter, C: Clockwise, CC: Counter-clockwise, H:
Horizontally, V: Vertically.

Referent/Mode VR Gestures A R AR Gestures A R

Move the B Close hold+move in 0.158 hold+move in 0.508
Move the B Away push away\hold+move out 0.175 hold+move out 0.425
Move the B Left push left 0.233 push left 0.233
Move the B Right push right 0.250 push right 0.233
Change the E Color tap 0.083 tap 0.083
Rotate the E H grab+rotate pitch 0.075 hold+rotate pitch 0.092
Rotate the E V grab+rotate pitch 0.075 hold+rotate pitch 0.083
Select One E pinch in 0.158 tap\pinch in 0.258
Select Three E pinch in 0.158 grab 0.158
Yaw C hold+rotate yaw 0.650 hold+rotate yaw 0.558
Pitch CC hold+rotate pitch 0.317 hold+rotate pitch 0.308
Roll CC hold+rotate roll 0.183 hold+rotate roll 0.208
Scale the B Up pinch out 0.142 pinch out 0.142
Turn the E Off pinch in 0.008 pinch in\others (15 gestures) 0
Turn the E On pinch in 0.008 swipe right 0.008
Scale the R B Up pinch out 0.075 pinch out 0.058
Move the R B Away push away\hold+move out 0.217 hold+move out 0.308
Move the R B Close hold+move in 0.283 hold+move in 0.425
Move the R B Left push left 0.325 hold+move left 0.283
Move the B Right push right 0.325 hold+move right 0.308
Scale the R B Down pinch in 0.083 pinch in 0.075
Destroy the R B push down 0.042 clap 0.050
Spawn the R B pinch out 0.075 pinch out 0.075
Yaw CC hold+rotate yaw 0.650 hold+rotate yaw 0.650
Pitch C hold+rotate pitch 0.192 hold+rotate pitch 0.250
Roll C hold+rotate roll 0.183 hold+rotate roll 0.233
Scale the B Down pinch in 0.192 pinch in 0.142
Open Chart tap 0.083 pinch out 0.075
Close Chart tap 0.133 tap 0.200
Scale B and E Up two hand grab+zoom out\two hand

hold+zoom out
0.050 two hand grab+zoom out\two hand

hold+zoom out
0.058

Scale B and E Down two hand grab+zoom in\two hand
hold+zoom in

0.058 pinch in\two hand grab+zoom in\two
hand hold+zoom in

0.075

Yaw B and E C hold+rotate yaw 0.067 hold+rotate yaw 0.117
Yaw B and E CC hold+rotate yaw 0.067 hold+rotate yaw 0.100

Or they would like to find some inspiration from the real world. P7
created a ”taking photo” hand to complete the scale-up task. P10
and P14 mentioned that they considered the gestures they used in
their life when designing gestures in VR.

In addition, when designing gestures for abstract tasks that may
not have direct physical manipulations for the participant to draw
from, such as changing color, participants turned to metaphorical
actions or imagined tools [58], such as swiping as on TikTok or
using virtual menus. P5 mentioned that “to change the color, I used
a swipe gesture, just like swiping videos on TikTok. In this way, I
can view the next color.” In addition, they might resort to imagined
tools to help them complete the tasks. P11 mentioned that “when I
don’t know what kind of gesture it should be, I will use the menu. ...
kind of like an abstract property.”

4.6.1 The Influence of AR and VR on Gesture Design

Environment A total of 75% of participants mentioned that the
environment influenced the gestures they designed. Three partici-
pants (P2, P4, and P6) felt that VR is more like a computer game
due to its fully digital nature. P4, P6, and P8 mentioned that this
digital environment not only brings them fun but also makes them
feel they can design gestures more easily than in AR. P14 men-
tioned that compared to AR, designing the gesture in VR made“it
easier to immerse ” themselves in the environment. P8 echoed this
sentiment but contrasted it with their experience in AR, stating:
“[When designing the gestures in AR,] I’m thinking more about how
the gesture would be for all three of us (i.e., the participant and two
researchers) rather than just for myself.” For the AR, P1, P3, P5,
and P15 described AR as more natural than VR, with P8 empha-
sizing how AR’s connection to the physical world made them re-

flect more deeply on the source of their gestures: “I can think more
about whether the gesture is from reality or from myself.” Overall,
gestures were often grounded in how participants felt within each
environment. Although participants reported that the environment
affected their design decisions, this is not the only factor impacting
their gesture design.

Hand Representation To understand whether participants’ ex-
periences with hand interactions, through either real or virtual
hands, influenced how they approached gesture design, we asked
them to share their opinion. For some, the mapping between their
hand movements and the digital environment felt unfamiliar. P16
mentioned, “[In VR,] I noticed that the interaction is very close to
me. But I can still feel disembodied from the action I was doing.”
Three participants had uncomfortable feelings at the beginning of
the use of the virtual hand. P16 described this as, “the [virtual]
hand movement is like a relearning movement.”

For nearly half of the participants (56%), interacting with real
hands felt more comfortable than interacting with virtual hands. As
P4 mentioned that when using the real hand to “interact with virtual
objects, it feels very strange.” P6 often used the palm in AR, but
used the index finger or pinch (i.e., Thumb-and-index gesture) in
VR. In contrast, participants described interactions in VR as more
seamless. With both the hand and objects existing in the same dig-
ital space, the coordination felt more fluid. P14 described this as,
“I felt like it [using the virtual hand to grab a virtual object] was
more tunable [than using a real hand to grab a virtual object].”

5 DISCUSSION
We conducted a user study with 16 participants to examine differ-
ences in gestures elicited in VR and AR. Our participants elicited



Figure 8: Gesture match summary across participants for each referent. B: Building, E: Emitter, S: Smoke, R: Rightmost, C: Clockwise, CC:
Counter Clockwise, V: Vertically, H: Horizontally.

33 referents using a wind simulation. In this section, we discuss
our three research questions based on our study results, focusing on
gesture design across AR and VR.

RQ1 What are the similarities and differences found in hand
gestures when the same elicitation study is performed in AR ver-
sus VR? The findings from section 4.3 revealed a medium level
of agreement for both AR and VR, with no statistically significant
difference between the gestures created in these two modalities. In-
terestingly, only the translation category showed a significant dif-
ference between AR and VR in five referent categories. We also
observed that participants maintained a shared understanding of
gesture meaning regardless of the reality. For example, referents
like“Yaw” and “Move”, had high agreement rate, while more ab-
stract referents, such as “Turn E off,” and “Change E color” showed
low agreement rates across both modalities. When we investigated
the winning gestures among AR and VR (see section 4.4), our find-
ings showed that 73% of referents had matching Top gestures and
showed consistency (52%) in the second most frequent (Top-2) ges-
ture across AR and VR, reinforcing the idea of gesture availability
and consistency across realities. The findings suggest a significant
overlap between AR and VR modalities in the proposed user ges-
tures, implying that gesture sets elicited in one modality (e.g., AR)
can be highly representative of the other (e.g., VR).

The agreement rate between AR and VR The similarity in
average agreement rate between AR and VR might indicate that
the gesture design for manipulation is less influenced by the en-
vironment. This implies that gesture design is possibly primarily
influenced by the semantics of the task itself. This point was ver-
ified in the semi-structured interviews about animation tasks(see
section 4.6. However, the slight differences in the average agree-
ment rate between AR and VR in section 4.3 show that, although
the gestures designed by participants could be used in both envi-
ronments, this does not directly indicate that participants’ cognitive
processes for gestures are entirely environment-dependent. This is
also discussed in the book by William and Ortega about distributed
cognition (DCog) in the field of HCI [58]. Multiple factors might
influence participants’ gesture design process [58]. Beyond seman-
tic understanding, object layout in spatial position and cultural dif-
ferences between subjects also impact gesture design [58]. In future
research, the influence of DCog in AR and VR modality interaction
can be further explored to determine whether there is collaboration
between semantics and the environment.

The specificity of the translation category In our study, trans-
lation was the only category that showed clear differences between
AR and VR. Piumsomboon et al. noted that, in AR environments,
whether gestures rely on physical surfaces (such as a desktop) is
an important consideration for users when designing gestures [41].
Translation gestures are mostly object-centric and involve moving
virtual objects to spatial positions [41], which may make them more

susceptible to differences between AR and VR. Several factors may
contribute to this difference. First, participants’ preception of their
spatial position in AR may have differed from that perceived in
VR, potentially because they could not see their own trunk in the
VR environment. However, translation tasks required participants
to manipulate objects relative to their body and surrounding space.
This might also explain why the translation category, which relies
on spatial position for orientation, is the only one that shows dif-
ferences across AR and VR interaction. Second, prior work has
shown that VR affords larger, unconstrained arm movements in
open space [13], whereas AR participants often preferred physi-
cal surfaces as body-anchored interfaces [15]. These differences in
spatial properties and movement may explain why the translation
gesture results were different from those of other categories across
realities. Future research could examine this hypothesis by further
reducing differences in body visibility and spatial perception be-
tween AR and VR conditions.

The specificity of the abstract category in winning gestures
These findings revealed a distinction in gesture consistency based
on the nature of the referent, which has also been found in prior
studies [38, 56, 63]. Abstract referents such as “Turn E on/off”,
“Destroy Rightmost Building”, and “Open Chart” demonstrated
low agreement across realities, with no matching gestures ob-
served in either the Top or Top-2 rows. One possible explana-
tion is that these actions lack strong physical metaphors, leading
to more subjective interpretations and diverse gesture proposals
across realities [58]. In contrast, referents associated with spatially
grounded or physically intuitive actions, such as “Move Building
closer/away/left/right”, “Rotate”, “Pitch”, “Yaw”, and “Scale”, ex-
hibited much higher consistency in gesture selection. These refer-
ents are closely aligned with real-world physical interactions, mak-
ing them easier for participants to conceptualize similarly across
both AR and VR environments. This suggests that physically
grounded tasks benefit from a more universally understood gesture
vocabulary, which enhances consistency across AR and VR modal-
ities. This pattern was further supported by our participant-level
matching data, which showed higher consistency for these physi-
cally grounded referents across AR and VR sessions.

RQ2. What gestures are commonly agreed upon by partici-
pants across VR and AR? In both AR and VR, our result shows that
“hold”, “grab” and “push” are the top three most popular gestures.
In addition, single-hand gestures and whole-hand gestures are the
most frequently used types from section 4.5. This high consistency,
as shown in the comparison between AR and VR modalities, in-
dicates that participants are less influenced by environmental fac-
tors when performing manipulation tasks. This situation was con-
firmed during the semi-structured interviews conducted after the
experiment. A possible explanation is that, when designing ges-
tures, users’ primary consideration is convenience. These findings
align with prior gesture elicitation research [7, 38, 50, 56, 61, 63].



Although previous studies have reported the use of gestures in a
single-interaction environment, single-hand gestures have also been
reported to be more convenient and comfortable to use. In addition,
this high consistency in hand usage across modalities might inform
the future design of gestures for AR and VR interaction.

From a future design perspective, these results suggest that inter-
actions across AR and VR can use universally understood gestures,
enabling users to perform the same gesture to move fluidly between
the two modalities. Although this result on gesture usage shows
strong agreement for most referents, the referents for abstract ac-
tions (e.g., changing the color) and multi-object manipulation (e.g.,
yawing the building and the emitters clockwise) might still require
specific gestures. This need further investigation by making multi-
objects manipulation and abstract referents.

RQ3 How would users perceive the elicited gestures they gen-
erated after the fact when using AR and VR? Based on the inter-
view analysis, participants reported that their considerations of the
uniqueness, memorability, comfort, and naturalness of gestures in-
fluenced their design in both modalities. Previous studies confirm in
user-based gesture design, simplicity and comfort are the primary
factors [24, 56, 61]. From a future design perspective, this result
suggests that supporting users’ main requirements is significant in
both modalities.

The difference in immersive experience between AR and VR
may influenced gesture proposals as reported by participants. Li et
al. found that differences in the immersive experience could affect
participants’ feelings of their interactions [26]. In our study, some
participants mentioned that in the VR, since the hand model is in
the same virtual dimension as the environment, participants were
able to more easily associate the gestures with digital game inter-
action environment; while in the AR, because they can use their
real hands and see the real world environment, participants tended
to adopt interaction patterns that more closely match real-world be-
haviors. These findings align with the theory of distributed cogni-
tion in HCI [17]. In our study, hand proprioception, the visual expe-
rience of the hand, and the differences between digital and real sen-
sations across two modalities are influencing factors in gesture de-
sign between AR and VR. However, participants still showed agree-
ment in their gesture design between AR and VR. Those influences
reported by participants may not have been reflected clearly in the
analysis of gesture agreement. A possible explanation is that the
factors reported by participants may apply only to the gestures they
performed differently, rather than to the gestures that were identical
in both AR and VR.

6 LIMITATIONS OF THE STUDY
The study has several limitations. First, most participants (76%)
were between 20 and 29 years old, which may limit the generaliz-
ability of the findings to other age groups, although this distribu-
tion reflects the simulator’s target audience. In addition, the sam-
ple included only 16 participants; however, prior gesture-elicitation
studies suggest that saturation can occur with approximately 8–10
participants [7, 53]. Also, prior experience was uneven across
modalities, with more participants reporting VR than AR experi-
ence. However, since most were infrequent users, this imbalance
was unlikely to have substantially affected the results. Second, cur-
rent VR hand tracking often struggles to capture subtle gestures
(i.e., microgestures) and does not accurately reflect finger move-
ments [24], potentially influencing participants’ gesture proposals.
However, based on the responses to the survey question, partici-
pants mostly reported the virtual hands closely reflected their real
hand movements.

Third, participants’ familiarity with conventional interfaces, par-
ticularly WIMP (Windows, Icons, Menus, and Pointing) sys-
tems [20] may have introduce legacy bias and influenced their ges-
ture proposals. Although this legacy bias exists in elicitation stud-

ies (e.g., phone use), it has been shown to be effective in some
cases [37]; its influence on the conclusions appears to be lim-
ited. Fourth, our within-subject design included a two-day inter-
val between sessions to reduce gesture recall from the first session.
While memory effects may persist, it will be fairly effective, as
a large part of what they did would have been forgotten accord-
ing to Ebbinghaus’ forgetting curve [35], indicating that after 48
hours, 77% would have been forgotten. Despite this possibility, the
within-subject design enables consistent comparison across condi-
tions while controlling for individual differences between partici-
pants. Our analysis focuses on overall gesture patterns (i.e., agree-
ment rates) between AR and VR. This within-subject design is
commonly used in gesture elicitation studies, as reported in prior
work [40, 56, 63]. Finally, the study focused on a single AR/VR
wind-simulation scenario, which may limit transferability to other
domains. Although, the referents included both general interaction
referents (e.g., move, rotate, select) and application-specific ones
(e.g., turn the emulator on). In addition, the goal of this study was
not broad generalization. By analyzing participants’ gesture pref-
erences and their contextual considerations within this single sce-
nario, we offer valuable support to inform future research and pro-
vide gesture-based interaction design in more complex scenarios.

7 CONCLUSION
In this study, we presented a repeated-measures gesture elicitation
study across two sessions (i.e., AR and VR), aiming to examine
whether participants agree on gesture type and behavior when en-
gaged with an educational application in AR and VR. At the end
of the experiment, a semi-structured interview was included, dur-
ing which researchers asked participants to explain the reasoning
behind their gesture choices. Overall, the gestures performed by
participants in AR and VR modalities were highly similar, rein-
forcing the idea of gesture availability and consistency across re-
alities. Furthermore, participants showed a strong preference for
single-handed and hold gestures across both modalities.

Participants demonstrated diverse understandings when gener-
ating specific gestures across different interaction environments.
However, it has no observable impact on the design of the ges-
tures themselves. Nevertheless, we identified differences in gesture
usage across modalities within the translation category. This also
suggests that the design of gestures in response to specific refer-
ent characteristics may be influenced by different modalities. This
could be explored in future work. Finally, it is crucial to establish
a standardized method for coding gestures. While there are many
paths to follow, one of the most important future directions for elic-
itation studies is to automate the analysis process, thereby making
these studies more pervasive and easier to access for practitioners.
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