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Fig. 1: Two users playing charades in VR. The user on the left is the guesser and the user on the right is the performer. Their respective
avatars are shown in the center.

Abstract— Virtual reality (VR) has increasingly become a popular platform for socializing and collaborating remotely because it
enables both verbal and nonverbal aspects of communication through the use of embodied avatars. However, such avatars are not
typically adjusted to match the proportions of the user, leading to inaccuracies which might diminish experiences involving nonverbal
communication. Therefore, in this paper, we investigated the impact that out-of-proportion avatar hands (relative to the user’s hands)
have on nonverbal communication and collaboration in VR. We designed an experiment based on the game “charades", wherein two
users nonverbally interact with each other trying to communicate and guess words. In a within-subjects study with 72 participants (36
dyads), participants’ avatar hands were scaled to be 25% smaller, the same size, and 25% larger than their own hands. We measured
aspects related to task performance, avatar embodiment, communication satisfaction, workload, and user experience. We found that
that changes in hand size of 25% did not significantly impact any of our measurements when looking at all participants. Interestingly,
despite the relatively obvious change in size, less than half of the participants noticed this change. On further inspection, we uncovered
significant effects in two of our workload measures when focusing only on the participants who noticed the changes. We conclude that
the effects of changes in hand size may be modest for the type of task and hand size manipulations investigated in this work.

Index Terms—Virtual environments, communication, avatars, virtual reality, body proportions, embodiment

1 INTRODUCTION

Virtual reality (VR) has become an increasingly popular platform for
socializing and remote collaboration. Applications such as VRChat,
Horizon Worlds, and Rec Room enable users to socialize and play
games in shared virtual environments and customize their appearance
in the virtual world. Research suggests that communicating in VR
might be an intuitive alternative to face-to-face conversation, with users
exhibiting similar conversational patterns to real-life conversational
scenarios [49].

Communication is complex and multi-modal, with many non-verbal
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cues such as facial expressions, body language, and gestures. When
interacting in VR, users often embody and control an avatar that rep-
resents themselves in the virtual environment. Avatars are essential
for elevating social and collaborative experiences in virtual reality.
Avatars enable users to be co-located in a shared virtual space, which
offers advantages over videoconferencing, allowing for a higher sense
of co-presence [6] and enables indicative (deictic) gestures, such as
pointing to an object of interest. Many aspects of avatars can affect
user experience and perception [55], including the appearance [61] and
animation [59]. Since most VR applications use one-size-fits-all avatars
that are not proportional to each user, there might be limitations to using
such avatars in conversational scenarios involving extensive nonverbal
communication and gesturing. Therefore, we investigate whether alter-
ing the scale of avatar hands affects non-verbal communication and the
perception of one’s avatar.

Research emphasizes the importance of accurate finger motions for
virtual characters and avatars [23]. Alterations to finger motion have
been shown to affect the perceived personality of virtual characters [48]
and the perception of an action being performed [22]. Moreover, di-
minished avatar hand animation may impact communication perfor-
mance [3]. Therefore, it is crucial that users’ intended actions are
accurately mapped to their avatar. Hand tracking technology facilitates
natural gesturing during avatar-mediated communication, and is now
in popular VR devices such as the Meta Quest headsets and the Apple
Vision Pro. However, avatars can vary widely in appearance, from
highly realistic (e.g. Epic’s “Metahumans”), to highly stylized (e.g.
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Meta’s “Metaverse Avatars”), with variations in shape, size, color, and
more. Most VR applications use relatively simple avatars that are one-
size-fits-all, with customization mostly limited to visual features, such
as hairstyle and clothing. Since the scale of an avatar’s hands often
does not match the size of the user’s hands, the user’s actions must be
re-targeted to the avatar hand, which might result in inaccurate finger
motion and diminish the quality of their gestures, and have negative
consequences on non-verbal communication.

In this study, we investigate whether disproportionately scaled avatar
hands (relative to the user’s hand sizes) affect non-verbal communi-
cation and the perception of one’s avatar. To this end, we designed
an experiment in which two participants, each embodying featureless
avatars, play charades in VR, while the scale of their virtual hands is
manipulated. Charades requires one player to gesture certain words
or phrases and the other player to guess, all without speaking to each
other, and has been used in previous studies on communication in
VR [3, 6, 17]. In our study, we vary only the scale of the avatar’s hands,
and measure participants’ performance and concepts related to their
communication experience and user experience.

2 RELATED WORK

2.1 Communication in Virtual Reality

Technology has become essential for communicating with others in
different locations, enabling a more globally connected world than
ever before. With the increasing importance of remote connectivity,
there is also a growing need for tools that facilitate remote commu-
nication and collaboration. Virtual Reality (VR) offers a promising
channel for remote communication, facilitating both verbal and nonver-
bal interactions via embodied avatars in a shared virtual environment.
Research shows that using avatars for communication results in high
levels of social presence and is often preferred over communication
without them [6]. One key advantage of avatars is that they enable
nonverbal communication, particularly gestures, through the use of
motion tracking. Hand gestures are critical components of nonverbal
communication. They facilitate thought [16], improve collaboration,
and help to convey information [4].

While videoconferencing applications, such as Zoom, are widely
used, research indicates that VR offers advantages over videoconfer-
encing for collaborative tasks. For instance, when comparing communi-
cation patterns between embodied VR and videoconferencing, Abdulla
et al. [1] found evidence that nonverbal behavior using avatars was
more effective in VR. Furthermore, social presence, a key measure of
communication experiences in VR, is often found to be higher in VR.
Greenwald et al. [17] compared face-to-face communication to VR by
having participants perform charades and Pictionary, measuring social
presence, workload (TLX), and system usability. Although their system
did not support hand tracking, participants nevertheless reported high
levels of social presence in the VR condition.

Previous research evaluating communication and collaboration in
VR spans many aspects of the experience, from user perceptions about
immersion to effects on remote collaboration. Our work expands on pre-
vious research by measuring user experience and effects on communica-
tion quality with a focus on hand motion and nonverbal communication
during a two-party conversational task.

2.2 Avatar Appearance and Animation

Avatars offer countless ways to represent users in the virtual world.
They can match the user closely, as with Apple’s “Personas”, or be
heavily stylized and customized, such as the avatars in Horizon Worlds.
The specific application may influence the style of avatar used [46],
and technical limitations may limit the realism of avatars or the extent
to which avatars can be customized. In the most popular VR social
applications, avatars are limited and specific to that application, with
limited customization, and unlikely to match the user’s appearance or
proportions.

Many characteristics of avatars can affect our perceptions of them
[61], from their visual appearance and style [60] to their motion [22,
40, 48, 50]. Furthermore, just as we are adept at perceiving human

motion [51], we are also highly sensitive to the motion of avatars and
virtual humans [3, 22, 48].

The appearance of avatars can have wide-ranging effects on users’
perceptions and preferences. For example, several studies suggest
that moderately stylized avatars are preferred [40], while realistic self-
avatars can result in higher perceived ownership [28]. When it comes
to communication involving virtual humans, the appearance of avatars
can affect aspects such as trustworthiness and appeal [6, 60]. Yoon
et al. found no effect of avatar style (realistic vs. cartoon) on social
presence [56].

In addition to the visual appearance of avatars and their overall
motion, a range of qualities can be interpreted through hand movement
alone. Gestures in particular play a significant role in communication
[15]. Research suggests that this is true when communicating in VR
as well, with evidence that an absence of finger motion can negatively
affect the communication experience [3]. Other research indicates that
very small errors in finger motion are perceptible and may impact the
perceived actions being performed [22], and that altering gesture timing
can affect the perceived personality of the agent [48]. Furthermore, the
perceived personality of avatars can even be attributed to their hand
motion [54]. These studies highlight the importance of detailed and
accurate hand animation for virtual humans and avatars.

2.3 Embodiment
The sense of embodiment over self-avatars is heavily studied, as it has
implications for immersion and the overall virtual experience. The
sense of embodiment (SoE) over one’s avatar describes the perception
that the avatar’s body is one’s own body [25]. The literature cites three
components constituting the SoE: body ownership, self-location, and
the sense of agency [25, 32]. Ownership refers to the feeling that the
virtual body is one’s own body. Location is the feeling that one’s body
and the virtual body are in the same place. Agency is the feeling that
one has control over the virtual body.

Realistic avatar hand representation can result in higher levels of
ownership [5], but ownership can be established over less realistic hands
[53] and even non-corporeal objects [28, 35]. Motion fidelity (motion
tracking) of self-avatars can affect interaction performance and sense of
agency - IK-based solutions resulted in better interaction performance
but some IK solutions can result in a lower sense of embodiment than
motion capture [59]. The congruence between the input modality
used and the corresponding avatar representation rendered has also
been shown to affect interactions with respect to embodiment and
performance.

Previous work has found that ownership can be influenced by avatar
motion fidelity [57, 59], with agency driven by user control over the
avatar [36]. Results from previous work indicate that the rendering
style of one’s avatar can impact the level of ownership and embodiment
the user feels over the avatar during interaction tasks [5, 28, 63]. For
example, realistic avatars have been found to result in higher perceived
embodiment [5, 28, 35, 58]. Research also suggests that avatar motion
fidelity might impact the ownership and agency during interaction
tasks [59].

2.4 Avatar Size Manipulation
Researchers have investigated how anthropometric manipulations of
self-avatars affect several aspects in virtual reality. Along these lines,
it has been shown that alterations to one’s avatar’s eye-height, shoul-
der width, or foot size can affect perceptions of affordances like gap-
passability and crossability [8, 11, 24, 39]. In general, humans are
not all that good at estimating bodily proportions, but are rather good
at estimating the size of objects using their bodily proportions as a
reference [30].

With respect to arms and hands, scaling the size of users’ hands via
real-time video displayed on a monitor tends to result in the virtual hand
illusion not emerging when the hands were scaled to be smaller [44].
The size of users’ self-avatar hands can also influence the perception of
the sizes and graspability of objects [29, 42, 43, 52]. In an experiment
investigating the effect of scaled hand size on interaction performance
and embodiment, Lin et al. [27] found that the size of the hand did not



Fig. 2: The small (75%), fitted (100%), and large (125%) hand sizes
used in our study.

significantly affect ownership or agency. When scaling the length of
the avatar’s arm, Kilteni et al. [26] reported that users experienced high
levels of ownership over avatar arm-lengths scaled up to four times
their real arm-lengths, but found that embodiment diminishes with
increasing incongruity. While there has been extensive investigations
into how the visual appearance of one’s self-avatar affects self-avatar
perceptions and virtual interactions, research into the influence of the
size of one’s self-avatar is comparatively sparse, particularly regarding
communication. Therefore, we investigate the effects of self-avatar
hand size manipulation within the context of communication.

3 EXPERIMENT

3.1 Task
For this experiment, a simple charades task was conceptualized wherein
a dyad (two) of users would play a game of charades in the virtual world
without verbal or auditory communication. The users were seated in
front of each other in a virtual room with a virtual table separating them
(Fig. 1). In each dyad, one user was randomly assigned the role of the
performer and the other, the guesser. These roles were held throughout
the course of the experiment. The performer was tasked with gesturing
concepts/words using only their hands and the guesser would have to
select the correct answer from one of three options laid out in front of
them for each word/concept gestured. The experiment was divided into
three blocks, one for each of the three levels of hand sizes investigated
in this study (see Fig. 2). The hand size condition was the same for both
participants in every block, meaning that at any point their hands would
be either uniformly scaled by the same amount (75% or 125%) or by
none at all (fitted). Each block consisted of twelve words/concepts
that had to be guessed. Upon completing the charades task for these
twelve words, both members of the dyad would answer a questionnaire
measuring the constructs listed in Table 1. The completion of the
questionnaire marked the end of the block. Before initiating the next
block, both participants had to press a button confirming that they
were ready to proceed, ensuring that each of them were ready before
the next block commenced. This process was repeated until all three
blocks of the experiment were completed. The order of the blocks was
counterbalanced to control for potential order effects.

There were three categories of words/concepts namely easy, medium,
and hard. Easy words were numbers between one and ten that
could be gestured simply as one would by holding up their fingers.
Words/concepts of medium difficulty were realized by making the three
answer options distinguishable in terms of the gesturing commonly
used to enact them. For example, a set of answer options containing
“motorcycle”, “car”, and “plane” with the word to be gestured being
“motorcycle” represented a word of medium difficulty. For words of
hard difficulty, the answer options were less distinguishable from each
other as in the case of a set of options containing “violin”, “cello”, and
“guitar” with the word to be gestured being “violin”. The classification
of words into these three categories was performed based on pilot tests
and semi-structured interviews with several participants to determine
what options to provide for each word/concept category and which of
them to preordain as the answer based on its distinguishability from

Fig. 3: Scene from the guesser’s point of view during a trial.

the other options. The composition of word/concept-difficulties in each
block was randomized by randomly choosing from a predefined list of
36 words equally represented by the three difficulty levels. This was ac-
counted for in the analyses by ensuring that the average difficulty levels
of the words/concepts across the blocks were not significantly differ-
ent. A Shapiro-Wilk test of normality showed that difficulty (difficulty
was 1=easy, 2=medium, 3=hard) was not significantly different from
normal. A one-way ANOVA shows insignificant differences of average
difficulty across hand size conditions (F(2,105) = 1.289, p = 0.28).
While we considered using the same words/concepts across the three
blocks, we refrained from doing so due to potential learning effects as
a result of using the same words.

For each word/concept in a block, the performer was shown the
word/concept to be gestured, and the guesser was provided three dif-
ferent options to submit as their answer, each marked by a separate
button (see Fig. 3). The guesser would press the button denoting the
option that they felt most closely represented the gestures being per-
formed by the performer. Once the guesser confirmed their choice,
visual feedback of whether their selection was correct or incorrect was
provided through floating text above the performer. This feedback was
only relayed to the guesser and not to the performer. This process
continued until the remaining eleven words in that block were enacted
and guessed by the dyad. Following this, the guesser would report how
confident they were in their selection by pressing one of seven buttons
displayed, which coincide with a 7-point Likert scale. The simulation
was built such that the word/concept was only visible to the performer
while the answer options were only visible to the guesser to ensure that
the charades task was performed purely based on the gestures being
performed using the performer’s self-avatar hands without avenues for
simulation-based exploits that members could make use of in attempts
to game the system.

Prior to the experiment, each member of the dyad engaged in an
embodiment phase. This phase, as routinely used in VR research on self-
avatars [7,9,10,33,45], was used to promote and foster in users a sense
of embodiment towards their self-avatars. Upon the commencement
of this phase, users were provided with their self-avatars and could
see themselves in a virtual mirror placed in front of them. Similar
to Peck and Tutar’s procedure [45], the embodiment phase required
participants to perform a number of actions to achieve the desired sense
of embodiment towards their self-avatar. Users were required to look
around and move their self-avatars while looking into the virtual mirror,
look down at their legs beneath their seats, and look in the up, down,
and lateral directions. The users were also asked to perform actions
and gestures like touching their fingertips, gesturing in front of their
chests, and slowly moving their hands behind their heads, all while
observing themselves in the virtual mirror. In addition to fostering
a sense of embodiment to the avatar, performing these actions and
gestures in the aforementioned locations gave participants a sense of
the area in which their hands would be correctly tracked by the HMD
and the areas beyond which hand-tracking would fail. This routine
hence exposed participants to the bounds in which their hands could
and could not be tracked for their self-avatars’ movements, effectively
serving as training for the upcoming experiment phase in which the



charades game was played. This embodiment phase lasted for about
five minutes after which each member of the dyad was prompted to
press a “move on” button. When both members pressed their respective
buttons, they were teleported to the virtual room in which the charades
task was housed. On average, the embodiment phase and charades task
blocks together took a dyad 25 minutes to complete.

3.2 Study Design
To empirically evaluate how the size of virtual hands affects non-verbal
communication in an avatar-mediated VR experience, we employed
a within-participants design, manipulating the size of users’ virtual
hands across three experimental conditions: (1) Small hands (hands
scaled to 75% of actual hands); (2) Fitted hands (hands scaled to
actual hands); (3) Large hands (hands scaled to 125% of actual hands)
(see Fig. 2), while keeping the participant’s role consistent throughout
the experiment. Since every dyad consisted of one guesser and one
performer, the participant’s role can be considered a between-subjects
factor. The hand sizes were chosen based on previous work that altered
hand scales by the same amounts [27], as well as the fact that for
the average human hand (7.6 inches), these modifications would push
the scaled hands below and above the 5th (7.0 inches) and 95th (8.1
inches) percentiles of human hand sizes, respectively [38]. The virtual
hands are structured as a hierarchy of joints, where the wrist joint is
the parent to all finger joints. To scale the hands, a uniform scaling
transformation is applied to the wrist joint, ensuring that all finger
joints are proportionally scaled along with it. This method preserves
the relative proportions and movements of the fingers. For example,
when a user performs a pinching gesture by bringing the thumb and
any fingertip together, this action is reflected on the avatar regardless of
scaling. The wrist position and orientation are also preserved. Users
in each condition engaged in a charades task described in section 3.1
for a number of trials (words/concepts) over three blocks, one for each
size of the virtual hands tested in the study. A Balanced Latin Square
design was employed to counterbalance the order of the hand sizes
tested. This design was chosen to control for potential order effects,
ensuring that each hand size (small, fitted, and large) was presented in
each ordinal position (first, second, third) an equal number of times
across participants (dyads), thus minimizing the influence of learning
or fatigue. Given three different hand sizes, this meant that every
participant (every dyad) experienced one possible order (out of a total
of 6 possible orders) of hand sizes. In each block, users worked together
to complete twelve words/concepts thus accruing up to a total of 36
trials (each trial corresponds to one word/concept) across the entire
experiment. These 36 words were equally divided into three categories
of difficulty namely easy, medium, and hard (12 words in each). The
order of these 36 words/concepts was randomized across all three
blocks.

3.3 Measures
We recorded the number of correct guesses, the guessing duration and
the wrist motions of the participants for our objective measures.
Number of Correct Guesses - We count the number of correct guesses
(out of 12) as a measure for task performance. Each trial resulted in an
outcome that was marked with either a success or a failure in correctly
guessing the word/concept being gestured.
Completion time - In each trial, the total timespan from the start of
the trial (when the word to gesture was shown) to the end of the trial
(when an answer was selected) was recorded. The completion time is
computed as the sum of the times for all trials for one hand size.
Motion - We collected participants’ movement data and computed
three measures: cumulative wrist translation, average wrist velocity,
and the volume of the bounding box. The cumulative wrist translation
reflects the total distance traveled by the hands during a trial (the
timespan between displaying a new charade word and the guesser
selecting an answer). The distance traveled by each hand was
calculated as the sum of distances between consecutive wrist positions:
∑

F−1
f=1 ||wristPos f −wristPos f−1|| for frame f with F being the number

of frames in the trial. The left hand and right hand distances traveled
were then added to obtain the cumulative wrist translation. The average

wrist velocity over each phase was calculated by dividing the distance
traveled by the length of the phase. The bounding box volume was
calculated as the volume of the box containing the range of movement
of the wrists for each phase.All distance units are in meters.

At the end of each phase corresponding to a hand size, subjective
measures were collected with the questions listed in Table 1. The
constructs measured were:
Ownership and Agency - We included two standard questions to
evaluate ownership and three questions for agency based on Ma and
Hommel [34] and Zhang and Hommel [62]. Each participant evaluated
only their own hands and not their partner’s.
Message Understanding and Communication Satisfaction - To as-
sess how participants perceived the communication, we measure mes-
sage understanding with questions from Harms & Biocca [18] and
communication satisfaction based on Hecht’s work [21].
Workload - We used the NASA TLX questionnaire [20] to assess users’
perceived workload.
User Experience - We asked five additional questions to evaluate
further aspects of the user experience. These questions investigated
immersion, fun, realism, perceived efficiency, and perceived difficulty
to perform the gestures [27, 28].

3.4 Research Question and Hypotheses

The overarching aim of this study was directed towards answering the
following research question: “How does the difference in virtual and
physical hand size affect communication ability and perception?”
Furthermore, we were interested in understanding if differing virtual
and physical hand sizes affect embodiment and user experience. We
operationalized performance based on the measures described in Sec-
tion 3.3 and developed the following hypotheses that reflect the work
discussed in Section 2 and later on in this section.
H1: Fitted hands will be associated with faster completion times.
H2: Fitted hands will produce higher communication satisfaction.
H3: Fitted hands will result in higher levels of perceived embodiment.
H4: Fitted hands will produce the lowest perceived workloads.

It can be expected that having to gesture concepts with altered hand
sizes is likely to increase the amount of time taken to communicate
the concept. Previous work indicates the subtle alterations to finger
movements are perceptible [22]. Scaling the avatar’s hands affects
the speed of the fingertips (e.g., larger sizes are associated with faster
movements because more distance is covered in the same time). This
alteration might be noticed by users, potentially eliciting compensatory
movements that lead to unnaturalness. For these reasons, we expect
that scaled hand sizes will lead to lower communication satisfaction.

Regarding ownership, a previous study on the effects of hand size
suggests that ownership can be established over different hand sizes
without significant differences for a puzzle assembly task [27]. How-
ever, other research suggests that hand size modulates ownership [44].
In general, it has been found that changes in the avatar can affect own-
ership. Therefore, we expect that fitted hand sizes will produce higher
degrees of ownership in the task employed in this study given the in-
creased concomitance between users’ actual hand sizes and their virtual
counterparts.

With respect to workload, altered hand sizes will require users to
perform gestures accounting for the manipulation. For example, in the
large hand condition, one does not have to bring the hands as close
together for the fingers to overlap. With small hands, getting the avatar
fingers to touch would require overlapping one’s real fingers. Both
alterations might require adjustments for certain gestures, requiring the
user to factor in the hand size while gesturing. This is likely to result in
increased perceived workload.

3.5 Participants

Given that this was a team-based communication study, two participants
were required to be physically present and participate in the experiment
at the same time. An apriori power analysis using G*Power revealed
that for a study of three hand sizes manipulated within-subjects and



Fig. 4: Scene during the questionnaire phase of each block. Participants
responded to each question displayed on a white dividing wall by pressing
buttons laid out in front of them.

two roles varying between-subjects, considering α = 0.05, power (1-
β ) = 0.95, a medium effect size f = 0.2, correlation among repeated
measures of 0.5, and assuming that sphericity is met, the estimated
sample size was 66 (33 dyads). To ensure that all six possible orders of
hand size configurations from the Balanced Latin square design were
equally represented across all the participants of the study, we recruited
72 participants. In other words, 36 dyads engaged in the charades
task across all three experimental conditions of virtual hand size. This
led to a total of 1296 trials of charading for analysis on performance.
Participant ages ranged from 18 to 40 years old (M = 21.54, SD =
3.83) with 48, 21, and 3 of them identifying as female, male, and non-
conforming respectively. Additionally, ratings of charades-competence
obtained on a 7-point Likert scale item phrased as “Do you know how
to play the game Charades?” anchored from not at all to very well,
indicated a mean score = 4.94 and SD = 1.69. All participants had
normal or corrected-to-normal vision and normal upper body motor
function. This research was performed under the oversight of Clemson
University’s Institutional Review Board.

3.6 Procedure
Upon arrival to the experimental setting, both participants (dyads) were
asked to read and sign a consent form (informed consent) if they met
the inclusion criteria (18 years or older, normal or corrected to normal
vision, English-speaking, and having a full range of motion of arms
and upper body). Participants were then separated, each following one
experimenter to a different location. Upon separation, participants filled
out a demographics questionnaire that included information about their
backgrounds, experience with VR, and competence at charades. Fol-
lowing this, participants’ interpupillary distances (IPD) were measured.
The roles of guesser and performer were randomly assigned to the
team members. Guessers were informed to take as much time as they
needed and that their goal was to answer correctly. Each participant
was also informed that there was no penalty for incorrect guesses. Each
experimenter then detailed the task of the study based on the role to
which they were assigned, further explaining the logistics involved
with progressing through the three blocks of the experiment. These
explanations included demonstrating how to perform gestures to in-
teract with the HMD itself, such as the recentering command, as well
as how to interact with the virtual environment, in particular with the
buttons in the scene. Participants then donned the Oculus Quest 2 HMD
(adjusted for their IPD) and familiarized themselves with the task and
its mechanics. Participants then proceeded to perform the charades task
in each block.

At the end of each block, participants filled out a questionnaire (Ta-
ble 1) containing questions on embodiment, perceived communication
effectiveness, workload, and user experience. Upon completion of all
three blocks, participants removed the HMD. Each of the participants
then proceeded to engage in a short semi-structured interview with the

Fig. 5: Overview of the experimental procedure. Participants first embod-
ied their avatar in an embodiment phase. They then played a game of
charades and responded to our questionnaire at the end of the game.
This process was repeated 3 times, once per hand size. Upon comple-
tion, they were interviewed and debriefed. Both the embodiment phase
and experiment phase took place in VR.

experimenter to discuss their experience in this study. The participants
were asked what they thought the study was about, what strategies they
used, whether they noticed any changes in between blocks, and whether
their avatar changed at all between blocks. Finally, they were informed
about the hand size modification and were asked if they felt that this
affected anything in the study, such as communication or their sense of
embodiment. They were then debriefed and compensated for their time.
It took participants about 45 minutes to complete the entire experiment.
An overview of the procedure is depicted in Fig. 5.

3.7 Apparatus
All participants wore a Meta Quest 2 HMD, which tracks the partic-
ipants’ hands using the native hand tracking system [41]. The ex-
periment was implemented using Unity 2021.3.15f1 with XR Hands
Package version 1.1.0 as well as the XR Interaction toolkit 2.3.3. The
Mirror Networking for Unity package (version 79.0.1) managed the
transmissions between a nearby desktop computer (the server) and the
participants’ HMDs over a WiFi 6 router. The simulation runs locally
on each Quest 2 and simultaneously on the server. All data collection
took place on the server, which received all inputs from each user. The
server is a desktop PC with an Intel i7-7700K, 32GB of RAM, and an
Nvidia GTX 1080 GPU.

3.8 Virtual Environment and Avatar
There were two virtual scenes used in this study, one for the embodi-
ment phase and the other for the charades task. The environment for
the embodiment phase was designed to be a small room with a mirror
directly in front of where each participant sat. After both participants
completed the embodiment phase (see Section 3.1), they each pressed a

Fig. 6: There was a significant effect of hand size for temporal demand
when looking at all participants (N = 72). Error bars show standard errors
of the mean for each size.



Table 1: Questions shown to participants. All questions were answered on 7-point Likert scales except for NASA’s Task Load Index, which was rated
on a 10-point scale from Low to High, lower being better. Questions were shown to both participants, except for one question as indicated. The
Statistic column shows the Friedman test results of Hand Size on each measure.

Measure Question (RS = Reversed Scale) Statistic M (SD)
O1: I felt as if the virtual hands were part of my body.
O2: It sometimes seemed like my own hands came,
into contact with the buttons.

χ2 = 0.473, p = 0.789 5.67 (1.25)

A1: I felt as if I could cause movements of the virtual hands.
A2: It felt as if I could control movements of the virtual hands.

Ownership &
Agency
[34, 62] A3: I felt as if the virtual hands moved just like I wanted them to,

as if they were obeying my own will

χ2 = 0.980, p = 0.613 6.38 (0.85)

My thoughts were clear to my partner.
My partner’s thoughts were clear to me.
It was easy to understand my partner.
Understanding my partner was difficult. (RS)

Message
Under-
standing
[18] My partner had difficulty understanding me. (RS)

χ2 = 4.85, p = 0.0883 5.27 (1.25)

The other person let me know that I was communicating effectively.
Nothing was accomplished. (RS)
I was very dissatisfied with the communication with
my partner during the game. (RS)
I felt that during the game I was able to present myself
as I wanted the other person to view me.

Communi-
cation
Satisfaction
[21]

I did not enjoy communicating with my partner during the game. (RS)

χ2 = 0.765, p = 0.682 2.71 (2.84)

How mentally demanding was the task? χ2 = 0.0306, p = 0.985 3.15 (1.99)
How physically demanding was the task? χ2 = 1.61, p = 0.447 2.23 (1.79)

S: 2.47 (1.66)
F: 2.72 (1.63)How hurried or rushed was the pace of the task? χ2 = 7.21, p = 0.0271
L: 2.76 (1.60)

How successful were you in accomplishing what you were asked to do? χ2 = 1.07, p = 0.587 7.88 (1.75)
How hard did you have to work to accomplish your level of performance? χ2 = 0.349, p = 0.840 3.70 (2.01)

NASA’s Task
Load Index
- 10pt Likert
- [19]

How insecure, discouraged, irritated, stressed, and annoyed were you? χ2 = 2.28, p = 0.32 1.93 (1.39)
Realism [28] I thought the virtual hands on the screen looked realistic. χ2 = 3.38, p = 0.185 4.98 (1.60)
Immersion
[28] I was so immersed in the virtual environment, it seemed real. χ2 = 0.247, p = 0.884 4.88 (1.47)

Fun [27] I felt like using my virtual hands to communicate was fun. χ2 = 0.894, p = 0.640 6.59 (0.72)
Perceived
Efficiency [27] I felt like I could very efficiently use my virtual hands to complete the task. χ2 = 0.659, p = 0.719 5.86 (1.21)

Performer
Perceived
Difficulty

It felt easy to perform the gestures I intended to. (only asked performer) χ2 = 0.352, p = 0.839 2.71 (2.84)

button that would spawn them into the environment where the charades
task took place. This environment was designed to be a relatively sim-
ple game room containing a large table in the center, bookshelves, and
a large window. Large interactable red buttons (see Fig. 4) were used to
obtain inputs from the guesser on the charades task words/concepts that
were enacted as well as inputs from both participants on questionnaire
items.

The avatar that was chosen was a modified version of a robotic
avatar sourced from the Unity asset store [14]. This avatar was chosen
instead of a human-like avatar to prevent any possible influences on
presence, ownership, eeriness, or implicit biases that could arise from
choosing realistic human textures that are not matched ethnically or
by gender, effects that prior work have demonstrated [31, 47]. The
avatar resembles robotic avatars that have been used in previous work
investigating virtual hand ownership with regard to avatar hand size [27]
and grasping feedback [12, 13]. The avatar was modified to make
the shoulder and hip width equivalent as well as making the color of
the avatar white (increasing contrast with the background), towards
realizing an avatar that was gender-neutral.

4 RESULTS

We analyzed our results starting with the effect of hand size (small,
fitted, or large) on our objective and subjective measures. We then
aimed to get a better understanding of our findings by testing for signif-
icant effects of the role of the participant (performer or guesser) and by

evaluating how many participants noticed the changes in hand size and
how this influenced their responses.

4.1 Objective Measures
Our objective performance measures were the number of correct
guesses, completion time, and our motion metrics (cumulative wrist
movements, average wrist velocity, and bounding box volume). For the
first two measures, we had data points for each pair of participants while
the motion data involved each participant producing data individually.

We tested the objective measures data for normality using the
Shapiro-Wilk test and found that they significantly differed from nor-
mality. Therefore, we used Friedman tests to evaluate the effect of
hand size. We found no significant effect of hand size on the number
of correct guesses (χ2(2) = 0.621, p = 0.732) nor on completion time
(χ2(2) = 1.06, p = 0.589) or on the three motion metrics of cumula-
tive wrist movement (χ2(2) = 2.78, p = 0.249), average wrist velocity
(χ2(2) = 3.53, p = 0.171), and bounding box volume (χ2(2) = 0.583,
p = 0.747).

4.2 Subjective Measures
We also evaluated the effect of hand size on our subjective metrics
shown in Table 1. Following the way the original questionnaires were
analyzed, we averaged the two responses for ownership to obtain a
single value for ownership. We followed the same procedure for agency,
message understanding, and communication satisfaction. Shapiro-Wilk



(a) (b) (c) (d)

Fig. 7: (a) The self reported VR experience of all participants grouped by those who did not notice the manipulation and those who noticed. The
difference was not significant (p = 0.0893); (b) There was a significant effect of Physical Demand when only considering the ratings from participants
who noticed the hand size changes. The post hoc test shows that Physical Demand is perceived to be significantly higher for the Large than for
Small hands (p = 0.047). (c) Effect of Temporal Demand for participants who noticed the changes. The Temporal Demand is higher with Large than
Small (p = 0.049). (d) The ratings of Realism by participants who noticed the manipulation. The effect was significant, however, the post hoc did not
show any significant differences.

(a) (b) (c) (d)

Fig. 8: (a) Effect of role on the wrist translation calculated using motion data from participants. The performers’ hands covered more distance on
average than the guessers’ hands. (b) Effect of role on the wrist velocity calculated using motion data from participants. The performers’ hand
motions were faster on average than the guessers’ hand motions. (c) Effect of role on the bounding box volume calculated using motion data from
participants. The performers’ hands covered a larger spatial volume than those of the guessers. (d) Effect of role on agency. The guessers perceived
agency to be higher than the performers.

tests for normality showed that most of our response data for our
subjective metrics significantly differed from normality. We there-
fore evaluated our results using Friedman tests for the effect of hand
size. Additionally, we used pairwise Wilcoxon tests with Bonferroni
corrected p-values for post hoc testing. There were no significant dif-
ferences based on hand size for all of our questions except for one. The
statistics are reported in Table 1.

We found a main effect of hand size for temporal demand (χ2(2) =
7.21, p = 0.0271), which is based on the question “How hurried or
rushed was the pace of the task?”, see Fig. 6. The post hoc test only
indicates a trend that the temporal demand for the small hands tends to
be lower than for the large hands (p = 0.074).

4.3 Influence of Participant Role

To better understand which factors influenced the participants’ mo-
tions and perception, we evaluated whether the role of the participant
(performer or guesser) affected our measures. For these analyses, we
averaged participants’ motion data and questionnaire responses across
hand size and performed Mann-Whitney U tests.

We expected the performer to move more than the guesser as mo-
tion is needed to play charades when conveying the concepts. Unsur-
prisingly, we found significant differences between performers and
guessers for our three motion measures: wrist translation (W = 135,
p = 3.11e−10), average wrist velocity (W = 36, p = 4.48e−16), and the
volume of the bounding box (W = 133, p = 2.54e−10). The plots for
each motion measure are shown in Fig. 8. Each of these measures was
significantly higher for the performers than the guessers.

For our subjective measures, we found significant differences be-

tween roles for agency (W = 908, p = 0.004), message understanding
(W = 900, p = 0.005), Perceived Efficiency (W = 902, p = 0.004),
and for three items from the NASA TLX: Mental Demand (W = 459,
p = 0.033), Performance (W = 995, p = 9.081e−5), and Effort (W =
434.5, p = 0.016).

Agency was higher for the guesser (M = 6.43, SD = 0.624) than the
performer (M = 5.92, SD= 0.806), see Fig. 8d. Message understanding
was higher for the guesser (M = 5.67, SD = 0.821) than the performer
(M = 5.004, SD = 0.910). The perceived efficiency was higher for the
guesser (M = 6.19, SD = 0.907) than the performer (M = 5.53, SD =
1.11). The Mental Demand was higher for the performer (M = 3.54,
SD = 1.77) than the guesser (M = 2.76, SD = 1.69). The Performance
was higher for the guesser (M = 8.48, SD = 0.971) than the performer
(M = 7.27, SD = 1.38). The Effort was higher for the performer (M =
4.15, SD = 1.53) than the guesser (M = 3.25, SD = 1.78).

4.4 Noticing Hand Size Changes, VR Experience

As described in the procedure (Section 3.6) we conducted semi-
structured interviews at the end of the experiments. One goal of these
interviews was to ascertain whether the hand size manipulation was
noticeable. We consider the participant as having noticed the manip-
ulation if they indicated at any point that the avatar’s hands changed.
We were surprised to see that despite the relatively large changes, only
44% of the participants noticed the differences in hand size between the
three parts of the experiment. We report the detailed results in Table 2.

As the proportion of participants who noticed the changes was
smaller than expected, we hypothesized that participants without VR
experience maybe did not mention changes in hand size as they did not



Table 2: Number of participants who noticed the changes in hand size.
Some participants only noticed the hands being smaller than their own,
others only noticed the hands being larger. Some participants mentioned
the changes without being asked if they noticed something, others only
after we specifically asked if they noticed any changes of the avatar’s
hands (after prompting)

Category Total Performers Guessers
Noticed total 32 (44%) 15 (41.7%) 17 (47.3%)
Noticed small 21 (29.2%) 9 (25%) 12 (33.4%)
Noticed large 21 (29.2%) 9 (25%) 12(33.4%)
Before prompting 22 (30.6%) 10 (27.8%) 12 (33.4%)
After prompting 10 (27.8%) 5 (13.9%) 5 (13.9%)

know what to expect in a virtual environments due to a lack of expe-
rience with VR. If that were the case, noticing the hand size changes
would need to be correlated with VR experience.

We therefore analyzed whether participants noticing the manipu-
lation could be predicted by their experience with VR. To do so, we
fit a logistic regression model with VR experience as the predictor
and Noticing as the response. The change in deviance when VR ex-
perience was added to the null model was 2.89 (1 df), resulting in a
residual deviance of 96.04. The chi-square test for VR experience
produced a p value of 0.0893, which suggests a trend toward signifi-
cance. Fig. 7a visualizes the VR experience ratings for participants who
noticed (M = 3.81, SD = 2.01, MED = 4.5) and who did not notice
(M = 3.00, SD = 1.01, MED = 2).

Finally, we were wondering if our measurements would be affected
for a subgroup of the participants. We hence conducted exploratory
analyses to examine whether hand size affected our measures when
only looking at participants who noticed the manipulation or those who
were more experienced. For VR experience, we consider participants
as experienced who self-reported scores between 4 and 7 (inclusive)
in response to the prompt “How experienced would you rate yourself
with virtual reality (VR)?”, with 1 indicating not at all experienced and
7 indicating very experienced.

For the group of participants who noticed the hand size changes
(N=32), we found a significant effect of hand size on Physical De-
mand (χ2(2) = 6.22, p = 0.0446, see Fig. 7b) and Temporal Demand
(χ2(2) = 7.89, p = 0.0193, see Fig. 7c). Post hocs show a higher Physi-
cal Demand for Large than for Small hands (p= 0.047) and higher Tem-
poral Demand for Large than for Small hands(p = 0.049). There was
also a significant main effect of hand size on Realism (χ2(2) = 7.01,
p = 0.0300, see Fig. 7d), but the post hoc only indicated a trend with
Large being higher than Fitted (p = 0.063).

The were no significant effects of hand size for the group of partici-
pants who rated themselves high (4-7 on a scale from 1 to 7) in terms
of VR experience (N = 30) for any of the responses.

5 DISCUSSION

The results from our experiment seem to indicate that self-avatar hand
sizes have a modest influence on non-verbal communication experi-
ences in virtual reality. We found no significant main effects of hand
size on our objective measures of completion time, number of correct
guesses, and motion-related metrics. Additionally, our measures on
ownership, agency, message understanding, communication satisfac-
tion, and those related to user experience remained relatively unaffected
by the manipulations. Collectively, this meant that we did not obtain
support for any of the hypotheses listed in Section 3.4. We found a
main effect of hand size on Temporal Demand (“How hurried or rushed
was the pace of the task?”), with no significant post hoc test and only
indications that the small hand size could have led to less perceived
temporal demand than the large hand size. Surprisingly, over half of our
participants did not notice the changes in hand size even though these
alterations seemed rather obvious when paid attention to. Interestingly,
while previous research has shown that the type of size-changes we
investigated are perceptible [27], they were not noticeable and did not
have any major effects on communication in our experiment. Based on

these results, we assume that the task may play a major role in dictating
whether or not hand sizes matter. For example, research has shown that
hand-size manipulations can affect the performance of tasks that in-
volve perceptual judgments on affordances and object-sizes [29,37,43].
However, it appears that the same need not hold true for tasks like
charades which purely involve non-verbal communication.

There could be several explanations as to why there were no strong
effects of hand size manipulations on our non-verbal communication
task. First, our task involved a game and was designed to be an enjoy-
able experience as one could expect from a virtual reality experience.
We indeed observed that participants enjoyed the task, which was also
reflected in the high levels of fun reported by users (rated with a mean
of 6.59 on a scale from 1 to 7 across conditions). Participants may
have prioritized performing well on the charades game task, driving
them to focus more on thinking about how to gesture certain words
to the other person rather than on their virtual hands, as indicated by
several participants in their interviews. Second, our task, while engag-
ing, was also relatively easy: on average, participants answered 10.3
questions correctly out of 12. Moreover, participants’ self-reported
ratings of charades-competence indicated that they were rather profi-
cient at this task (rated with an average of 4.94 on a scale from 1 to
7). It is hence possible that we obtained ceiling effects because users
that are already competent in such tasks may be relatively unaffected
by such manipulations. However, it cannot be claimed that such hand
size alterations would have similar negligible effects for users in gen-
eral. Perhaps a more challenging task would have resulted in more
noticeable differences in the measures obtained. Third, users embodied
an abstracted robotic avatar that can be considered unrealistic or non-
lifelike. The willingness to suspend disbelief might be larger for such
avatars, increasing the tolerance for virtual hands that do not veridically
match users’ actual hands. Perhaps a tailored and more realistic avatar
would have led to a lower tolerance for the scaled hands, producing
stronger effects on the aspects investigated in this work. An additional
explanation pertains to the method in which the hands were scaled.
Uniform scaling of the hands need not necessarily affect one’s ability to
perform certain gestures since the movement mapping is still retained
(e.g. pinching the thumb and fingertip together on the same hand was
reflected on the avatar hand regardless of size). The same cannot be
said of hand-scaling realized by altering the proportions of the fingers
because this would directly impact and alter how users would have to
gesticulate to communicate the same concept. It may be that scaling
hands using other methods can differentially affect communication in
VR, an avenue that warrants further investigation.

Although we found effects on certain measures when specifically
focusing on users that noticed the hand size manipulation, one has to be
skeptical about whether or not such differences would matter in practice.
For example, when analyzing Temporal Demand with only participants
who noticed the differences, the mean was 2.28 for the small hands and
2.84 for the large hands. We computed an effect size of 0.19, which is
considered very small. Results were similar for Physical Demand, with
means 2.31 for small and 2.72 for large hands with an even smaller
effect size of 0.09. These differences are statistically significant but
might be negligible in practice.

While the significant effects we found for participant roles were
not surprising, they give us confirmation and sometimes additional
information on our experiment. The higher motion values for the per-
former showed that the charader indeed moved more than the guesser,
as one would expect. In general, the task was more challenging for the
performer (higher mental demand and required effort), and the guesser
felt more successful (higher success in accomplishing the task, higher
perceived message understanding and efficiency). Interestingly, there
was a difference in agency which was higher for the guesser. While par-
ticipants were aware of and instructed to stay within the tracking area,
it is possible that performers encountered more tracking inaccuracies as
a consequence of their gestural motions covering larger volumes with
greater velocities. This being said, both groups rated agency as very
high (6.43 on average for guessers and 5.92 for performers on a scale
from 1 to 7), indicating that tracking was relatively accurate overall.

Notwithstanding the minimal impact of the hand size manipulations



on our measures, there could be other aspects that are influenced by
such manipulations. For example, Adkins et al. [3] found that subtle
changes in hand motions can affect the perception of a character in
a similar communication task. We, however, did not investigate how
the guesser and performer perceived each other but focused on the
efficacy of non-verbal communication and the perceived extent of
avatar-embodiment. Further research is necessary to determine if hand
size changes affect the way a conversational partner is perceived.

6 LIMITATIONS

In this study, users were placed in a virtual environment with other
objects in the scene such as books, bookcases, and a table (see Fig. 3).
Although these objects may have affected participants’ perception of
the virtual scene as well as their body parts, we believe that our findings
are still valid because the sizes of these objects remained consistent
throughout all blocks of the experiment. While these objects could have
acted as size-references, allowing the user to notice the manipulations,
our post-study interviews revealed that the majority of participants
were not aware of the hand size manipulations. Moreover, none of
those who were aware mentioned using these objects as size references.
Nonetheless, it would be interesting if future studies investigated how
other environmental cues might affect one’s perceptions of their hand
sizes and non-verbal communication in virtual reality experiences. An-
other limitation of this work is that our participant sample was not fully
gender balanced. We attempted to randomize the roles of participants
that volunteered to participate in our study, but did not ensure equal
representation amongst genders. Future research could investigate if
there are gender-related effects on non-verbal communication in virtual
reality experiences. Finally, we chose to represent the users with a
robotic avatar which can be argued to be limited in generalizability
or ecological validity. This design decision was motivated based on
attempts to reduce possibilities of misrepresenting users with avatars
or virtual hands that are not visually matched to their race, gender,
or other features (e.g., age, proportions, hairiness, etc.). Future work
could address this limitation by designing each user’s avatar to more
accurately represent them.

7 CONCLUSION AND FUTURE WORK

In this study, we investigated the effect of avatar hand size in a com-
municative task on measures related to task performance, embodiment,
perceived communication effectiveness, workload, and user experience.
We found that there were nearly no significant effects in our measures
when looking at all participants. Less than half of our participants even
noticed the changes. When focusing only on participants who noticed
the changes in hand size, we found significant differences in NASA’s
Task Load Index measures Physical Demand and Temporal Demand.
However, even these differences are so small that one wonders if they
are worth taking into account when designing VR experiences.

Overall, our results show that there is tolerance for differences be-
tween the avatar’s hand sizes and the user’s hand sizes in virtual scenar-
ios similar to our study. We conclude that, at least in an entertaining
communication task such as ours, a one size fits all approach for hand
sizes can likely be taken without any large negative effects. While there
was some evidence that the experience might be affected for a subgroup
of participants, further study is needed to support and understand such
effects. Of course, there might be other tasks, such as precise manipu-
lation tasks, that require more accurate avatar hand sizes. We leave that
question for future work to find out.

In summary, despite our thoroughly designed and conducted ex-
periment and our in-depth analysis, our results remain limited. Still,
conducting this type of experiment is important as we as a community
currently have the opportunity to develop and influence the standards
that will be used in future VR technologies. In future work, we wish to
investigate how our findings are affected by using anthropomorphically
realistic virtual hands. We further wish to ascertain if these results hold
when altering the virtual hands in other ways like scaling the individual
fingers, removing/adding fingers, and adjusting the geometry of the
hand, to name a few. Lastly, the research community may benefit from
pursuing investigations that pose questions such as: How do avatar size

manipulations affect conversational and verbal communication? Would
users notice the hand size alterations in a mixed reality scenario where
they can see their real hands? Would hand size alterations affect collab-
orative tasks that involve interacting with virtual objects, such as the
collaborative survival task employed by Adkins et al. [2]? Obtaining
answers to these kinds of questions will help determine how to better
design virtual experiences in the years to come.
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