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Fig. 1: Overview of the Whisper technique for private conversations in social VR. (a) Sender initiates a private voice message using a
white raycast selector; ambient lighting dims and a spotlight highlights the receiver. (b-d) Multisensory interaction during message
reception: (b) Visual: receiver sees sender’s avatar approach and mimic whispering; (c) Audio: sender’s normal voice converted to
whisper; (d) Tactile: airflow near receiver’s ear simulates physical presence. (e) Contextual record: displays missed public conversation
content after private exchange.

Abstract— Private conversations in social Virtual Reality (VR) environments lack the nuanced cues of physical interactions, potentially
diminishing the sense of privacy and social presence. This paper introduces Whisper, a novel multisensory interaction technique
designed to enhance private conversations for social VR applications. We first conducted a formative study (N=20) to understand
private conversation demands, limitations of existing methods, and user expectations in social VR. Informed by these insights, Whisper
incorporates visual (avatar proximity, gestures and illumination), auditory (voice conversation), and tactile (simulated airflow) elements
to simulate the act of whispering, providing users with an intuitive and immersive method of private communication. The technique also
features a contextual record to maintain conversation continuity. We evaluated Whisper through a comparative user study (N=24) in
party and classroom scenarios. Results demonstrate that Whisper significantly outperforms existing methods in sense of privacy, mode
distinguishability, intimacy, perceptual realism, and social presence.

Index Terms—Whispering, private conversations, multisensory interaction, social virtual reality

1 INTRODUCTION

Social Virtual Reality (VR) has emerged as a powerful medium for dig-
ital interactions, offering immersive environments that closely mimic
face-to-face communication [35]. These platforms facilitate embodied
interactions between multiple users, fostering strong connections and
social presence [9, 33]. As social VR applications expand into diverse
domains such as digital communication, collaboration, education, and
virtual workplaces [12, 31, 48, 51], the need for nuanced social interac-
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tions, including private conversations, becomes increasingly critical.
Private conversations play a vital role in both physical and virtual

social contexts, enabling secure exchanges of sensitive information
and minimizing disturbances to bystanders [8, 78]. These interactions,
often occurring as backchannel communication alongside primary dis-
course [3, 55], are integral to social communication. They promote
self-disclosure, relationship building, and creative innovation, while
enhancing audience participation and understanding [10, 25, 50, 66].

However, current social VR applications predominantly employ a
broadcasting protocol, where user speech is audible to all nearby par-
ticipants. This limitation forces users to seek alternative methods for
private communication, such as exploiting voice attenuation or creat-
ing separate virtual rooms. These workarounds can disrupt the user
experience and potentially compromise privacy [69, 77]. While some
solutions like ConeSpeech have introduced directional speech deliv-
ery [75], they often focus solely on the sender’s interaction, neglecting
the receiver’s ability to distinguish between public and private channels.
Consequently, there remains a significant need for comprehensive solu-
tions that facilitate natural, immersive and secure private conversations
in social VR environments.

To address this gap, we present Whisper, a novel multisensory tech-
nique designed to enhance private conversations in VR. Our approach
is based on a formative study involving 20 experienced social VR
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users, which explored user demands, evaluated existing methods, and
identified key expectations for private communication in social VR.
Building on these insights, Whisper incorporates visual, auditory, and
tactile elements to create an immersive and realistic private conversation
experience akin to real-world whispering (Figure 1).

At its core, Whisper employs visual cues using nonverbal signals [1,
42], such as proxemic metaphors and body postures, to simulate the act
of whispering. This visual aspect is seamlessly coupled with an auditory
transformation that converts the sender’s normal voice into a whisper-
like sound, enhanced by spatial audio to simulate proximity. To further
heighten the realism, Whisper incorporates tactile feedback through a
small, silent fan that is mounted on Head-Mounted Display (HMD) and
generates subtle airflow near the receiver’s ear, replicating the sensation
of someone speaking closely. Complementing these sensory elements,
a contextual record feature displays frontchannel conversation content
after private conversations, ensuring users remain connected to the
broader social context while engaging in private communication.

To validate our technique, we conducted a comprehensive user study
with 24 participants, evaluating Whisper against two existing methods
(text messaging and private talk channels) in two realistic scenarios: a
casual party and a classroom setting. Our results demonstrated Whis-
per’s superiority in terms of mode distinguishability, sense of privacy,
intimacy, perceptual realism, and social presence. Furthermore, 17
out of 24 participants selected Whisper as their preferred method, re-
porting that it fostered a socially rich atmosphere and strengthened
interpersonal connections.

This paper makes three key contributions: 1) A comprehensive anal-
ysis of private conversation demands, limitations of existing methods,
and user expectations in social VR environments; 2) The design and
implementation of Whisper, to our knowledge, the first technique to
simultaneously integrate visual, auditory, and tactile elements for fa-
cilitating private conversations in social VR; 3) Empirical evidence
supporting the effectiveness of our approach in enhancing the user
experience of private conversations in social VR.

2 RELATED WORK

2.1 Social Interaction in Virtual Reality
Social Virtual Reality (VR) enables remote users to interact in shared
virtual environments using immersive technologies like head-mounted
displays [35]. Platforms such as VRChat, Horizon Workrooms, Rec
Room, and Roblox offer diverse activities including conversations,
world creation, gaming, and collaborative work [31, 65]. Studies show
that social VR supports meaningful interactions, enhances social skills,
and yields positive psychological effects [4, 42, 80].

A key feature of social VR is its embodied interaction through cus-
tomizable avatars. Advanced tracking technologies map users’ move-
ments, expressions, and gaze onto these virtual representations [45, 68],
enabling social experiences that closely mirror face-to-face interac-
tions [1, 79]. This embodied control proves particularly effective for
non-verbal communication, a crucial component of social interaction.

The quality of these virtual interactions significantly influences so-
cial presence—the “sense of being with another” [5]. Both the interac-
tivity of interpersonal activities and the realism of behavioral represen-
tations contribute to presence levels [26, 70]. These findings emphasize
the importance of designing interactions that enhance social presence,
particularly for intimate communications like private conversations in
VR environments.

2.2 Private Communication in Digital Spaces
Private communication, or backchannel communication, involves in-
teractions visible only to specific participants [8]. In digital spaces,
it serves various purposes unsuitable for public discourse, such as
personal discussions during meetings or private assistance in group ac-
tivities [50, 55]. While digital private communication includes methods
like instant messaging and email [3], these are not ideal for immersive
social VR environments.

Current social VR platforms typically use broadcast methods for
voice communication, lacking dedicated private features. ConeSpeech
[75] proposed directional speech delivery but doesn’t address how

receivers distinguish between public and private speech. Studies on
private communication in video conferencing [14, 27] and hybrid meet-
ings [47] don’t directly apply to embodied social VR. Our work aims
to fill this gap by designing a comprehensive private communication
experience for social VR.

Researchers have developed silent speech technologies to address
privacy concerns. SilentVoice [17] captures soft speech through in-
gressive airflow, while PrivateTalk [76] uses hand-to-mouth gestures.
Amazon introduced a novel interaction feature for Alexa: a whisper
mode [52]. In this mode, when a user whispers to Alexa, the device
responds by whispering back at a reduced volume. However, these
approaches may be challenging in social VR due to reduced audibility
and unnatural speaking methods. Our approach allows users to speak
normally, offering comfort and clarity while maintaining privacy in
social VR settings.

2.3 Proxemics and Attention Guidance in Multi-User VR
Interpersonal distance dynamics are crucial in non-verbal communi-
cation [72]. Hall’s proxemics theory defines four zones of social inti-
macy [21], which has been applied to social VR design [73]. Research
has explored behavioral differences between co-located and remote VR
participants [53], social virtual augmentations [56], and collaboration
patterns [74]. However, these studies haven’t addressed proxemic cues
in private VR communication. Our research innovatively introduce
proximity-based interactions for private communications in social VR.

Guiding user attention in VR environments is another challenge [40].
Techniques range from arrows [38] to halos [20], with diegetic methods
gaining popularity [49]. Lee et al. [34] combined light and spatial
audio cues to direct attention in group conversations. However, existing
methods don’t systematically address attention guidance and mode
distinction in private conversations. Our approach uses lighting and
spatial audio synergistically to create a private, immersive experience
without exposing users’ behaviors.

2.4 Multisensory Interfaces in VR
Multisensory VR interfaces enhance users’ sense of presence [59].
While visual and auditory stimuli are common [29], other sensory
modalities remain underdeveloped [46]. Recent research has explored
tactile sensations in VR, particularly using airflow and ultrasound for
facial and oral stimulation [22, 23].

Practical approaches integrate tactile hardware with HMDs. Head
Mounted Wind [7] uses fans to blow air onto the face, VaIR [54]
employs a pneumatic system, and FaceHaptics [71] includes various
tactile modules. Shen et al. developed ultrasonic transducers for mouth
haptics [63]. However, these works overlook the ear as a haptic target,
despite its sensitivity to tactile stimulation [2].

Our work addresses this gap by introducing ear-focused tactile stim-
ulation for private VR conversations. We use fan-generated airflow
to simulate whispering breath, enhancing privacy and intimacy in vir-
tual social interactions. Importantly, our thin components could be
integrated into future headsets in a practical and consumer-friendly
way [63]. Our approach contributes to developing more nuanced, mul-
tisensory communication systems in VR.

3 FORMATIVE STUDY: EXPLORING DESIGN CONSIDERATIONS
FOR PRIVATE CONVERSATIONS IN VR

To inform the design of an enhanced private conversation method for
social VR, we conducted a semi-structured interview study with 20
experienced VR users. This study aimed to understand the issues of
current methods and key factors enhancing privacy and user experience
in virtual private conversations, addressing the unique challenges and
opportunities presented by social VR platforms.

3.1 Participants
We recruited a diverse group of participants to ensure a comprehensive
perspective on private conversations in VR. The study included 11
active social VR users and 9 graduate students from design schools
with experience in technology and design. This combination provided
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a balance between practical user experience and design insights. Partic-
ipants ranged in age from 18 to 28 years (M = 23.3, SD = 3.28), with an
equal gender distribution (10 males, 10 females). Twelve participants
had over a month of VR experience, with six reporting more than a
year. Eleven had prior exposure to social VR platforms like VRChat
or participated in VR social meetings and interaction games. Among
these, six had attempted private conversations in VR environments.
This varied experience level ensured a rich dataset encompassing both
novice and expert perspectives. The study was approved by Science
and Technology Ethics Committee of Tsinghua University, and all
participants provided signed informed consent.

3.2 Study Setup and Procedure

3.2.1 Videos for Eliciting User Experiences in Social VR

Adopting a video-stimulated approach [34], we used two videos to
stimulate discussion and gather feedback on current social VR practices
and private conversation methods.

Video 1: Social VR Scenarios showcased common VR social
scenarios, including lectures, conferences, multiplayer collaborations,
chats, and informal social settings with collaborative elements (e.g.,
movie theaters, concerts, travel, KTV, and multiplayer games). This
video aimed to immerse participants in a shared social VR experience,
providing a common reference point for discussion.

Video 2: Current Private Conversation in VR illustrated existing
private communication methods in social VR, based on online videos
and existing surveys [37]. It featured Text Message (sending private
messages), Private Rooms (setting up personal chatrooms), Proximity
Talking (adjusting message reception by moving closer or changing
seats), Private Talk (establishing private communication channels), and
External Devices (using devices like cellphones outside the VR for
private talks), demonstrating the transition between public and private
modes in various scenarios.

Both videos incorporated content from popular social VR platforms
such as VRChat, Horizon Workrooms, Rec Room, BigScreen, and
Roblox, as referenced in [37,65]. This selection ensured comprehensive
coverage of common social VR applications, providing participants
with a consistent and representative social VR experience to discuss.

3.2.2 Procedure

The interview process, illustrated in Figure 2, consisted of sequen-
tial video viewings followed by question-and-answer sessions. After
each 5-10 minute video, participants answered questions about their
experiences, feelings, and needs regarding socializing and private con-
versations in VR. The first set of questions focused on demands for
private conversations under various social VR scenarios, while the sec-
ond set evaluated existing private conversation methods and explored
participants’ expectations for ideal solutions.

Video Watching I
Social VR scenes

Video Watching II
Existing private conversation

methods in VR

Interview I
Demands for private
conversations in VR

Interview II
Limitations of existing methods &

Desired characteristics 

Video Watching

Interview

Fig. 2: Formative study procedure: Participants watched two videos
sequentially, each followed by an interview session to gather insights on
private conversation demands and expectations.

Interviews were conducted via VooVMeeting, simulating remote
communication similar to VR while offering greater accessibility than
VR headsets. Each study session lasted approximately 45 minutes,
providing ample time for in-depth discussion and reflection.

3.3 Results

3.3.1 Demands for Private Conversation in VR

Participants expressed a clear need for private conversations across
various VR contexts, mirroring real-life social interactions. The most
frequently mentioned scenarios included VR lectures (60%), multi-
user collaborations (60%), conferences (55%), and general chatting
(55%). Importantly, the requirements for private conversations varied
depending on the specific VR scenario. For instance, in VR lectures
or conferences, the priority was often to exchange messages discreetly
without being noticed (P2, P3, P10, P15). In contrast, during collabora-
tions or casual chatting, the focus shifted towards not disturbing others
in the virtual space (P3, P5, P11, P14, P15, P17, P18). This variability
highlights the need for flexible private communication solutions that
can adapt to different social contexts within VR environments.

3.3.2 Limitations of Existing Techniques

Despite the long-standing development of social VR, current private
communication techniques exhibit several limitations:

1. Misalignment with VR Interaction Paradigms: Some methods that
work well in real-life settings are less suited for VR socializing. For
example, many users reported frustrating experiences with typing in
VR for Text Messages (P7, P16, P18), noting that voice communication
feels more natural and efficient in virtual environments. Similarly,
maintaining a low voice in Proximity Talking was described as “a bit
tiring” (P15), indicating a mismatch with VR’s immersive nature.

2. Privacy Issue: A key challenge in private conversations is the risk
of exposure. Proximity Talking, while providing a sense of presence,
introduces risks of unintended participants overhearing due to unclear
directionality or control over conversation boundaries. Additionally,
physical movements in VR to adjust proximity can draw unwanted
attention, as noted by eight participants.

3. Disruption of VR Immersion: Managing the balance between
private conversations and the surrounding public environment is chal-
lenging. Private Rooms allow for secluded discussions but can disrupt
the flow of interaction by detaching users from their original group
(P3), potentially causing them to miss important information (P5). Ex-
ternal Devices completely disconnect users from the VR experience,
significantly breaking immersion.

4. Mode Switching Difficulties: The transition between private and
public modes in Text Message, Private Rooms, and Private Talk can be
prone to operational errors (P5, P6, P7), affecting the smoothness of
mode transitions, risking in privacy leakage, and ultimately disrupting
the overall VR experience.

These limitations underscore the need for a more integrated, VR-
native approach to private conversations that maintains immersion,
ensures privacy, and aligns with natural interaction paradigms in virtual
environments.

3.3.3 Desired Characteristics

Based on participant feedback, we identified five key characteristics
expected in an ideal private conversation solution for social VR:

1. Convenient Interaction: Users emphasized the need for simple,
intuitive methods to initiate and engage in private conversations. Com-
plicated operations can deter users from utilizing private conversation
features (P11). The ability to easily and accurately choose conversation
partners and exchange information is crucial. Additionally, maintaining
a smooth and inclusive flow in private conversations is essential, requir-
ing both the avoidance of distractions and the flexibility to respond to
them when necessary.

2. Privacy Protection: Participants highlighted two main aspects
of privacy in VR conversations: content security and conversation
discretion. Users want assurance that their conversation content cannot
be accessed or overheard by unintended parties, and that the very act of
engaging in a private conversation remains unnoticed by others, both
in virtual and physical worlds (P4, P5, P15). This dual-layer privacy
concern reflects the unique challenges of maintaining confidentiality in
shared virtual spaces.
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3. Mode Transparency: Clear indicators of conversation mode
(public vs. private) are crucial to reduce cognitive load and prevent
accidental information leakage. Participants expressed a need for unam-
biguous signals or recognition mechanisms to indicate when a private
conversation is active. Additionally, they wanted clear identification of
their current conversation partner in private mode, minimizing the need
for constant system checks and enhancing overall user experience.

4. Seamless Immersion: Maintaining VR immersion during pri-
vate conversations is vital for both speakers and listeners. From the
speaker’s perspective, natural, voice-based communication is preferred
over typing, aligning with the immersive nature of VR. Listeners bene-
fit from multi-modal elements in VR private conversations, including
visual feedback, auditory voice effects, and tactile sensations simulat-
ing close proximity (P2, P9, P16, P18). This comprehensive sensory
input enhances the receiver’s ability to fully perceive and interpret the
sender’s message, mitigating the “information bias,” (P2, P6, P9, P17,
P18, P20), thereby enhancing the overall communication experience.

5. Situational Awareness: Users emphasized the importance of
maintaining awareness of their public environment while engaged in
private conversations. This dual awareness enables users to stay con-
nected with the larger group dynamics and respond appropriately to
public prompts, preventing awkward social situations (P3, P12). The
ability to seamlessly balance private communications with ongoing
public interactions is crucial for a socially adept and immersive VR
experience.

4 WHISPER: MULTISENSORY PRIVATE CONVERSATIONS FOR
SOCIAL VR

Our formative study revealed diverse user requirements for private
conversations in VR, presenting significant design challenges. Inspired
by the observation that 40% of participants mentioned using whispers
in real-life gatherings, we developed Whisper, a multisensory tech-
nique for private communication in social VR. Whispering, a form of
unvoiced speech, serves as an intuitive and natural mode of private com-
munication among humans [36], making it an ideal design metaphor
for VR environments.

While physical whispers are limited to co-located individuals, virtual
environments offer greater flexibility in manipulating space and avatar
behavior [73]. Leveraging this advantage, Whisper addresses key
characteristics identified in our study: ease of interaction, privacy and
confidentiality, mode transparency, seamless immersion, and situational
awareness. These features align with familiar social behaviors while
providing an inherent sense of privacy in the virtual space.

Figure 1 provides an overview of the Whisper interaction, demon-
strating how it translates real-world whispering behavior into a VR
context. Figure 3 illustrates its technical components.

Speech 
Recognition

Voice 
Cloning

Spatial Audio

Meta XR
Audio SDK

Meta 
Avatars 

SDK LipSync

Tactile

Silent Fan
Mounted on HMD

GPIO

Raspberry Pi 4B

PWM

Visual Auditory

Speech Conversion

Illumination Control Controller Vibration

Avatar Animation

Spatialization

Whisper Unity Application

Whisper Voice

Simulated Breath Airflow 

Custom 
Body Pose

Fig. 3: Technical components of the Whisper Unity application, showcas-
ing the integration of visual, auditory, and tactile elements for enhanced
private conversations in social VR.

4.1 Visual Components

Whisper’s visual elements are designed to enhance both the sender’s
and receiver’s experience, clearly delineating private conversations and
fostering a sense of intimacy in social VR.

4.1.1 Sender’s Interface
While public communication in VR typically involves direct voice
broadcasting to nearby users, private conversations require a more de-
liberate interaction approach. For initiating private conversations, we
adopted a controller raycast-based directional selection method, in-
spired by ConeSpeech [75], and incorporated light variations to provide
an intuitive and non-intrusive signal for the initiation and conclusion
of private conversations (Figure 1(a)). The interaction process unfolds
as follows: 1) The user selects the intended recipient using a white
raycast controlled by the VR controller; 2) Upon pressing the controller
trigger, ambient lighting dims, and a spotlight illuminates the chosen
recipient; 3) The user speaks in their normal voice, which is transmitted
as a private message; 4) Releasing the trigger ends the message and
restores normal lighting. This method combines precise recipient selec-
tion with subtle environmental feedback to clearly distinguish private
communications from public discourse.

4.1.2 Receiver’s Experience
The receiver’s visual experience comprises two main features: avatar
animation and illumination control.

Fig. 4: Visual representation of a Whisper message from the receiver’s
perspective. (a) First-person view: The sender’s avatar (Taylor) ap-
proaches the receiver, moving to whispering proximity with a hand raised
to simulate covering the mouth. (b) Top-down view: Spatial rearrange-
ment during a private conversation, showing the sender’s avatar move-
ment and gradual dimming of ambient lighting with spotlight emphasis.

Avatar Animation Inspired by real-world whispering behavior, we
implemented proximity-based interactions (Figure 4). The sender’s
avatar moves to a distance of 0.5 meters from the receiver, based on
Hall’s proxemics model [21], balancing intimacy and comfort. To
accommodate the limited field of view in HMDs, the sender’s avatar
appears at a 45-degree angle in front of the receiver, ensuring easy
identification without excessive head movement.

The avatar’s movement lasts one second, utilizing an ease-in-out
function for visual comfort:

t ′ = t2(3−2t) (1)

where t is the normalized time (0 to 1), and t ′ is the eased value used
for interpolation.

To create an authentic whispering experience while maintaining
privacy, we carefully designed the receiver’s visual feedback using the
Meta Avatars SDK. When receiving a private message, the receiver
observes custom-designed animations that mimic natural whispering
behavior, including subtle body poses, lip-sync movements, and a
hand-covering-mouth gesture. These visual cues, along with the status
indicators shown in Figure 5, help receivers clearly distinguish between
private and public communications.
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Fig. 5: Visual indicators for different speaking state.

A key privacy-preserving feature of our design is that all feedback
is exclusively visible to the receiver. Bystanders observe no indication
that a private conversation is taking place, following the inherent charac-
teristics of physical whispering [36] and established social acceptability
principles [32]. This selective visibility ensures private communica-
tions remain discreet while maintaining an engaging experience for the
participating users.

Illumination Control Drawing from research on creating intimate
virtual spaces [41], we incorporated dynamic lighting adjustments.
As shown in Figure 4(b), ambient lighting gradually dims to 50%
during the sender’s avatar movement, with a spotlight emphasizing the
sender. This lighting change further distinguishes private conversations
from public interactions and enhances the sense of confidentiality and
intimacy.

4.2 Auditory Components

Audio design is crucial in virtual environments, second only to vision
in its importance for interaction and perception [29]. To emulate the
unique phonetic qualities of whispering, we developed two key audio
features:

4.2.1 Voice Conversion

Considering the potential negative effects of prolonged whisper voice
use on vocal cords [17, 57], we implemented a speech conversion
technique allowing users to speak normally while producing whisper-
like output. This process involves:

1) Initial voice sample collection: Users record a 20-30 second
whisper speech sample for voice cloning algorithm training.

2) Real-time conversion: Using ByteDance’s Volcano Engine1, we
employ speech recognition coupled with voice cloning to transform the
user’s normal voice into a whisper in real-time.

While this approach enhances privacy perception and maintains
speaker characteristics, it introduces some latency. Our tests with 50
speech samples (3-5 seconds each) revealed average latencies of 0.91
seconds (SD=0.27) for streaming speech recognition and 2.09 seconds
(SD=0.54) for voice cloning. As speech processing technologies ad-
vance, we anticipate this issue will be mitigated. To mitigate potential
confusion caused by these delays, we implemented visual indicators to
represent different speaking states (Figure 5).

4.2.2 Spatial Audio

To enhance the immersive experience, we leveraged the Meta XR Au-
dio SDK to implement spatial audio features. This technology allows
users to localize audio sources in three-dimensional space, creating a
more realistic auditory environment [29]. When receiving a private
message, the sender’s audio source is virtually positioned near the re-
ceiver’s ear, simulating the close proximity of physical whispering. We
also employed near-field rendering to approximate acoustic diffraction
effects for close audio sources, further enhancing realism. To ensure
clarity of private messages, we reduce ambient sound volume to 50%
during whisper reception.

1https://www.volcengine.com

4.3 Tactile Components
Whisper features a simulated airflow of breath, mimicking the breathy
quality of physical whispering [36]. To simulate this sensation, we
mounted a silent fan (3cm× 3cm× 1cm) on the HMD (Figure 1(d)),
controlled by a Raspberry Pi 4B. This fan generates subtle airflow
near the user’s ear, providing a crucial tactile dimension to the virtual
whispering experience. The fan’s close noise is about 20 decibels,
equivalent to calm breathing, ensuring it doesn’t interfere with the
audio experience.

The fan speed is dynamically adjusted using Pulse Width Modulation
(PWM) based on the real-time volume of the whispered message to
simulate speaking exhalation:

RMS =

√√√√ 1
N

N

∑
i=1

s2
i (2)

DutyRatio = min(RMS×ScalingRatio,100) (3)

where si are the audio samples, N is the number of samples (512 in
our implementation), and ScalingRatio is a constant (empirically set to
5000) to produce an airflow intensity closely resembling human breath
during speech.

Additionally, the user’s controller vibrates for one second when re-
ceiving a private message, simulating potential physical contact during
a real-world whisper.

4.4 Contextual Record Module
To address users’ desire for contextual awareness during private con-
versations, we developed the Contextual Record feature (Figure 1(e)).
This feature records and transcribes public conversations occurring
in the virtual environment during private message exchanges. Upon
completion of a private conversation, text bubbles appear above the
respective speakers’ avatars, displaying transcribed public conversa-
tions in standard text and private messages in blue text. These bubbles
remain visible for 10 seconds, providing users a brief window to catch
up on missed public conversations.

5 EVALUATION STUDY

Building upon the insights from our formative study (Section 3) and
the development of Whisper (Section 4), we conducted a systematic
evaluation to assess Whisper’s effectiveness in addressing the identified
gaps in VR private conversation methods.

5.1 Study Design
We employed a mixed-factorial design, with Technique as a within-
subjects factor and Scenario as a between-subjects factor. This ap-
proach allowed us to compare Whisper against two baseline techniques
inspired by commercial social VR platforms: Text Message and Private
Talk (Figure 7).

• Private Talk, modeled after VIVRESE2—an immersive collabo-
ration platform for HTC VIVE, creates a private communication
channel with a specific person, using “Hold” and “Resume” keys
to switch between private and public modes.

• Text Message, common in platforms like VRChat and Rec Room,
allows users to send private messages. To align with user prefer-
ences from our formative study, we implemented speech recogni-
tion as the input method for text messages, enhancing compara-
bility with voice-based techniques.

For the Scenario factor, we selected two representative settings fre-
quently mentioned in our formative study: Party (social VR gatherings)
and Class (lecture environment). These scenarios represent distinct
social dynamics—Party as a multi-focus, equality-matched environ-
ment, and Class as a single-focus, authority-ranked setting [15]. Each
scenario featured 6-7 avatars, including 4 NPCs, 2 participants, and an
additional professor in the Class setting. Avatar positioning reflected

2https://business.vive.com
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Fig. 6: Experimental scenarios and procedure for evaluation study: (a) Party setting with casual conversations; (b) Class setting with a lecture format.
Both scenarios alternate between public and private channels, with NPCs prompting participant interactions.

Fig. 7: Baseline techniques for private communication in VR: (a) Private
Talk, featuring a dedicated channel with “Hold” and “Resume” controls
for mode switching; (b) Text Message, showing a speech-to-text interface
for sending private messages.

typical arrangements for each scenario: face-to-face in the Party and
different rows in the Class (Figure 6).

To ensure a fair comparison across techniques, we created a dynamic
social environment that balanced controlled interactions with realistic
scenarios [34]. NPCs engaged in turn-based public discourse using pre-
recorded audio—lectures for Class and casual conversations for Party.
Additionally, to mimic natural social dynamics, each NPC randomly
initiated one-on-one interactions with participants, posing topic-related
questions.

Participants were tasked with navigating this multi-layered commu-
nication environment. They were encouraged to engage in frequent
private conversations using the technique being tested, discussing ei-
ther scenario-related topics or personal matters. Simultaneously, they
were required to maintain awareness of the public channel, responding
promptly and accurately when prompted by NPCs. This setup, as de-
picted in Figure 6, allowed us to effectively evaluate users’ experiences
in switching between public and private modes of communication.

5.2 Measurements
Our evaluation focused on two primary areas: user preferences for
private conversations in VR and the immersive experience of social VR
techniques. We derived eight key metrics to address both user expecta-
tions identified in our formative study (e.g., privacy, distinguishability,
convenience, situational awareness) and crucial aspects of effective
private conversations in VR environments (e.g., clarity, intimacy, re-
alism). These metrics included: 1) Sense of Privacy: feeling of con-
fidentiality during private conversations; (2) Mode Distinguishability:
clarity between public and private conversation modes; 3) Convenience:
ease of use for initiating and maintaining private conversations; 4)
Information Clarity: clear and accurate transmission of messages; 5)

Situation Awareness: ability to maintain awareness of surroundings
while in private mode; 6) Intimacy: feelings of closeness during pri-
vate conversations; 7) Perceptual Realism: resemblance to real-life
private communication experiences; 8) Overall Satisfaction: general
user satisfaction with the private communication method.

To assess users’ sense of immersion, we used adapted versions
of the Igroup Presence Questionnaire (IPQ) [61] for self-presence
and the Networked Minds Social Presence Inventory (NMSPI) [24]
for social presence. Additionally, we employed the User Experience
Questionnaire (UEQ) [60] to evaluate Whisper specifically, gaining
deeper insights into its user experience. All questionnaires used a
7-point Likert scale to capture nuanced participant feedback.

5.3 Participants and Apparatus

We recruited 12 pairs of participants (24 individuals total), such as close
friends or couples, based on the understanding that private conversa-
tions often occur within close relationships [36]. Participants included
14 females and 10 males, aged 21 to 33 years (M = 24.63, SD = 3.49),
all with normal or corrected vision. The majority (87.5%) had prior VR
experience, with an average interest in private conversations in social
VR rated at 5.33 out of 7 (SD = 0.85). The study was approved by
Science and Technology Ethics Committee of Tsinghua University, and
all participants provided signed informed consent before participating
in the study.

We implemented the virtual environments using Unity 2022.3.36f1,
employing cartoon-style avatars from the Meta Avatar SDK to align
with mainstream social VR platforms. This design choice enhances
the generalizability of our findings to current social VR applications.
We utilized Photon Fusion 23 for real-time multiplayer networking and
Photon Voice 2 for high-quality, low-latency voice chat. The application
ran on ASUS laptops and was streamed to Meta Quest Pro headsets.

5.4 Procedure

The study began with a comprehensive overview and a two-minute
instructional video on the three techniques. Participants recorded a
25-second whisper-like audio sample for Whisper’s model training
before entering VR. Seated in separate, quiet rooms, they were fitted
with HMDs and fans, ensuring comfort and proper setup.

Participants then experienced each of the three techniques sequen-
tially in their assigned scenario (Party or Class), with the order ran-
domized using Latin square sampling. They alternated between being
listeners and speakers, engaging in private conversations while also
interacting with the scenario-specific prompts from NPCs. This design

3https://www.photonengine.com
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Fig. 8: Users’ subjective ratings across eight metrics for private conversation techniques in VR. Box plots show median, quartiles, and outliers for
Party and Class scenarios. Significance levels: *p < 0.05, ** p < 0.01, *** p < 0.001.

allowed participants to fully experience each technique in a realistic
social VR context.

After completing the experiment, participants were asked to fill out
assessment scales and engage in brief interviews to provide insights into
the reasoning behind their assessment outcomes. The entire experiment
lasted approximately 60 minutes.

5.5 Analysis
All 24 participants actively engaged in the study, providing a rich
dataset for analysis. Given the participants’ consistent engagement and
accurate responses to NPC prompts, we included all 24 questionnaire re-
sponses in our quantitative analysis. To evaluate the techniques, we em-
ployed a mixed ANOVA with the Aligned Rank Transform (ART) [13]
for non-parametric factorial analysis. This method accounted for the
non-normal distribution typical of Likert data. We treated Technique as
a within-subject factor and Scenario as a between-subject factor, apply-
ing Mauchly’s test for sphericity and Greenhouse-Geisser corrections
where necessary. Post-hoc comparisons used Bonferroni-corrected
paired t-tests to identify specific differences while controlling for mul-
tiple comparisons. We consistently used p < 0.05 as the significance
threshold. In reporting results (Section 5.6), we indicated the specific
significance level (p < 0.05, p < 0.01, p < 0.001) to provide more
detailed information about the strength of our findings.

For qualitative data from interviews, we conducted thematic analy-
sis [44], coding responses into key themes to complement our quanti-
tative findings and provide deeper insights into user experiences and
preferences.

5.6 Results
5.6.1 Quantitative Analysis of Users’ Subjective Ratings
Our analysis revealed significant main effects of Technique across
multiple metrics, with no significant effects of Scenario or Technique-
Scenario interactions, indicating the robustness of our findings across
different social contexts.

Whisper demonstrated superior performance across several key met-
rics for private conversations (Figure 8). In terms of Sense of Pri-
vacy (F(2,44) = 16.00, p < 0.001), Whisper outperformed Private
Talk in both scenarios (Party: p < 0.001, Class: p < 0.05) and Text
Message in the Party scenario (p < 0.05). Mode Distinguishability
(F(2,44) = 18.15, p < 0.001) favored Whisper over Private Talk in
both scenarios (Party: p < 0.05, Class: p < 0.001) and over Text Mes-
sage in the Class scenario (p < 0.05). Whisper excelled in Intimacy
(F(2,44) = 12.00, p < 0.001), surpassing Text Message in both sce-
narios (both p < 0.01). For Perceptual Realism (F(2,44) = 14.44, p <
0.001), Whisper outperformed Private Talk in both scenarios (Party:

p < 0.05, Class: p < 0.01) and Text Message in the Party scenario
(p < 0.01). While not statistically significant, Whisper achieved com-
parable or higher levels of Information Clarity, Situation Awareness,
and Convenience. Overall Satisfaction (F(2,44) = 5.18, p < 0.05)
showed Whisper’s superiority over Private Talk in the Class scenario
(p < 0.05).

Presence measurements further underscored Whisper’s effective-
ness (Figure 9). For self-presence, Whisper demonstrated significant
improvements across all metrics. In Spatial Presence (F(2,44) =
14.50, p < 0.001), Whisper outperformed Text Message in both scenar-
ios (both p< 0.01). For Involvement (F(1.6,34.8)= 18.70, p< 0.001),
Whisper surpassed both alternatives in the Party scenario (Private Talk:
p < 0.01, Text Message: p < 0.001) and Text Message in the Class
scenario (p < 0.01). Contextual Realism (F(2,44) = 22.59, p < 0.001)
showed Whisper outperforming Text Message in both scenarios (Party:
p < 0.05, Class: p < 0.01) and Private Talk in the Class scenario
(p < 0.001). These results suggest that Whisper creates a more im-
mersive and realistic private conversation experience, enhancing users’
sense of being present in the virtual environment.

Social presence measures revealed similar trends, highlighting Whis-
per’s ability to foster interpersonal connections. In Co-Presence
(F(2,44) = 9.54, p < 0.001), Whisper excelled over Text Message
in both scenarios (both p < 0.01). Perceived Attentional Engagement
(F(2,44) = 8.71, p < 0.01) showed Whisper outperforming both al-
ternatives in the Party scenario (Private Talk: p < 0.05, Text Mes-
sage: p < 0.01). For Perceived Emotional Contagion (F(2,44) =
13.80, p < 0.001), Whisper surpassed Text Message in both scenar-
ios (both p < 0.01). Whisper also showed advantages in Perceived
Comprehension and Perceived Behavioral Interdependence, although
the differences were less pronounced. These findings indicate that
Whisper enhances users’ ability to perceive and engage with others
during private conversations, potentially leading to more meaningful
and emotionally resonant interactions.

The User Experience Questionnaire (UEQ) results (Figure 10) fur-
ther complemented these findings, with participants rating Whisper
highly across various dimensions. Notably, Whisper excelled in enjoya-
bility, interest, pleasantness, innovation, and leading-edge design. High
ratings in ease of use and efficiency suggest that Whisper successfully
balances novelty with usability, a critical factor for the adoption of new
VR technologies.

5.6.2 Qualitative Insights from User Interviews

Thematic analysis of user interviews revealed strong preference for
Whisper, with 17 out of 24 participants selecting it as their preferred
private communication method. This clear preference reflects Whis-
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Fig. 9: Self-presence and social presence metrics across techniques and scenarios. Box plots show median, quartiles, and outliers. Significance
levels: * p < 0.05, ** p < 0.01, *** p < 0.001.
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Fig. 10: UEQ results for Whisper. Violin plots show response distributions
across bipolar scales, with wider sections indicating higher response
frequency. Horizontal lines represent median values.

per’s successful balance of privacy, realism, and usability in social
VR environments. Our analysis identified several key themes that
illuminate users’ experiences and preferences:

Privacy and Mode Distinction: Whisper emerged as the preferred
method for ensuring privacy, with 15 out of 24 participants rating it
highest. Users praised its multisensory design for creating a strong
sense of confidentiality. P8 noted, “The speaker’s body language and
focused lighting gave me a strong psychological cue of privacy.” The
discreet interaction method of Whisper was also commended, as P12
explained: “I only need to operate the controller to enter a private
conversation, without spatial movement. Bystanders would hardly
notice, thinking I’ve just fallen silent.” Sixteen participants found
Whisper’s feedback facilitated easy mode differentiation, enhancing
confidence during private conversations. In contrast, Private Talk was
criticized for its ambiguity in privacy assurance and high risk of mode
confusion.

Usability and Clarity: Twelve users praised Whisper for its oper-
ational simplicity, criticizing text input and establishing private talk
channels as comparatively complex. Despite some latency in voice
conversion, only two participants reported impacts on communication
efficiency. Notably, six users found Whisper provided better clarity
than Text Message, preserving crucial voice elements like intonation
and emotion.

Immersion and Social Presence: Whisper significantly enhanced
the sense of immersion and social presence. Eighteen users favored its
rich multisensory feedback, with 11 participants noting its similarity

to real-life whispering. P13 commented that Whisper “recreated that
feeling of sneakily talking to classmates.” Whisper’s close-proximity
interactions and tactile feedback were particularly effective in creating
a socially rich atmosphere. P7 remarked, “Seeing the other person
turn towards me... made me feel instantly closer,” while P13 vividly
described the tactile experience: “The breath airflow near my ear
is fantastic... gave me goosebumps.” In contrast, Text Message and
Private Talk were likened to texting and phone calls, perceived as less
immersive and detached from the face-to-face VR scenario.

Negative Feedback and Failure Cases: User interviews revealed
several limitations in the current implementation, primarily concerning
voice conversion and initial user adaptation. P21 and P23 reported
that converted whispers were occasionally too quiet for clear compre-
hension, necessitating reliance on the Contextual Record feature and
reducing communication efficiency. P10 noted issues with voice distor-
tion affecting speaker recognition, while P5 suggested implementing
adjustable whisper volume as a potential solution. First-time users also
experienced temporary discomfort with the technique’s novel elements:
P7 and P9 were startled by sudden avatar movements, while P1, P5,
P14, and P18 reported initial unease with the tactile feedback. These
adaptation challenges led to suggestions for incorporating an orienta-
tion phase to help users acclimate to these novel interactive features
before engaging in actual conversations.

6 DISCUSSION

In this paper, based on user’s expectation from a formative study (Sec-
tion 3), developed and evaluated Whisper, a multisensory private com-
munication technique for social VR. In this section, we further interpret
our results and discuss key considerations for the practical implementa-
tion of private communication in social VR environments.

6.1 Contributions of Multisensory Design
Advantages of Multisensory Interface in Social VR: When

designing interactive experiences for social VR, consideration of the
environment’s immersive nature is crucial, as users engage in activi-
ties that mirror face-to-face interactions [35]. Existing solutions like
ConeSpeech, PrivateTalk, and text messaging typically transplant con-
ventional digital communication features into VR platforms without
fully leveraging VR’s unique affordances [9, 33]. This approach often
fails to recreate authentic interpersonal interactions [68], detaching
users from the immersive face-to-face context. In contrast, Whisper’s
multisensory interface authentically recreates physical whispering char-
acteristics through synchronized feedback channels, producing signifi-
cantly higher levels of presence, realism, and immersion compared to
baseline methods, as validated in Section 5.6.
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Complementary Role of Sensory Modalities: Our evaluation
revealed how different sensory channels work together to create an
effective private communication experience. Visual cues emerged as
fundamental privacy indicators through multiple elements. Gestures
(P11, P20) effectively conveyed emotional expression and acknowledg-
ment [67], while avatar proximity (P6, P8, P10, P20) created a sense of
intimacy and privacy [39]. Strategic illumination variations (P1, P12,
P13) contributed to establishing an intimate atmosphere, aligning with
research on the psychological effects of lighting [19]. These visual
elements collectively enhanced privacy perception and social presence
in VR [43, 64]. The auditory component served dual purposes: en-
hancing presence and clearly signaling communication modes (P13,
P16, P17, P20). Some research also suggests that synchronous audi-
tory feedback not only increases presence and realism [30] but also
improves environmental memory [11]. Complementing these elements,
tactile feedback through simulated airflow created convincing private
conversation experiences (P9, P12, P20, P22, P23) by adding physical
authenticity [18] and enriching the multimodal experience [11]. This
integration of multiple sensory channels demonstrates how each modal-
ity contributes unique yet complementary aspects to create a cohesive
and immersive private communication experience.

6.2 Scalability for Devices and Contexts

While Whisper demonstrates promising potential for private VR com-
munication, its current implementation presents scalability challenges,
primarily due to hardware dependencies. The reliance on silent fans for
tactile feedback may limit widespread adoption across VR platforms.
However, this hardware investment can be justified by its multi-purpose
potential—the same tactile infrastructure could enhance other VR expe-
riences, such as weather simulation [28]. Future iterations could explore
more adaptable solutions, including software-based alternatives and
different tactile mechanisms like vibration or ultrasonic feedback [63],
potentially offering more cost-effective implementations while main-
taining the essential tactile experience.

The technique’s appropriateness also varies across social contexts
and relationships. Drawing parallels with physical whispering behav-
iors [8, 36], Whisper may be more suitable for interactions between
familiar individuals and casual, entertainment-oriented settings (P2, P6,
P13). We also recommend several other promising application scenar-
ios, such as virtual theaters and libraries where quiet communication
is essential. For formal contexts like business meetings, we recom-
mend implementing selected visual features (e.g., lighting modulation
or gestures) to maintain professionalism while preserving privacy ben-
efits. This contextual adaptability ensures Whisper can serve diverse
communication needs while respecting established social norms.

6.3 Social Acceptability

Our design carefully considers social acceptability principles [32], bal-
ancing interaction effectiveness with social appropriateness. Whisper’s
interface builds on familiar VR controller interactions, minimizing the
learning curve while ensuring discreet operation (P23). The minimal
button operation and absence of visible signals to bystanders reduce the
likelihood of drawing unwanted attention or causing misinterpretation
(P11). Additionally, the contextual records feature helps participants
maintain awareness of public conversations while engaged in private
exchanges (P5, P10, P15, P24), further supporting smooth social inte-
gration (P6, P17).

Further enhancements could extend Whisper’s social acceptability
in dynamic VR environments. For instance, implementing an inbox
mechanism for managing multiple private messages would better sup-
port scenarios where parallel conversations naturally occur, such as
social gatherings or collaborative workspaces (P15, P16, P21). This
approach would maintain Whisper’s discreet nature while improving
its flexibility in handling complex social situations.

6.4 Ethical Considerations

Understanding and mitigating emerging harassment in social VR re-
mains a critical topic [6, 16]. We advocate for commercial social VR

platforms to implement robust permission mechanisms when adopt-
ing private conversation methods like Whisper to reduce harassment
risks [16]. For instance, speakers could be required to send a request
for private conversation, which the listener must accept before commu-
nication can begin. Users should have the option to enable a “Do Not
Disturb” mode when they wish to avoid private messages or interrup-
tions. Additionally, users should have the right to blacklist harassers
and report them to the platform. While preserving user privacy, plat-
forms could request permission to identify whisper content to filter
out malicious messages, including personal attacks, hate speech, or
discriminatory comments.

For Whisper’s voice conversion feature, platforms should obtain
user consent for voice recording and processing, paying particular
attention to data security to prevent identity-based attack risks [62].
Platforms could even offer voice conversion as a user option within
voice modulators, using machine-generated voices to maintain user
anonymity [58]. These measures aim to create a safer, more controlled
environment for private communications in VR, balancing the benefits
of enhanced interaction with necessary safeguards against misuse.

7 LIMITATIONS AND FUTURE WORK

Although Whisper demonstrates promising potential for enhancing
private conversations in social VR, our study revealed several limita-
tions that warrant future investigation. From a technical perspective,
the current implementation lacks certain physical characteristics of
natural whispering, such as temperature and humidity components in
the tactile feedback. The technique’s usability could also be enhanced
through alternative interaction methods beyond controller-based input,
such as proximity triggers or gesture recognition, while maintaining
privacy. Additionally, while we expect continued improvements in
voice processing technology to reduce conversion latency, additional
design features are needed to better manage these delays.

Our experimental design, while allowing for controlled comparisons,
had limitations in ecological validity. The use of script-driven NPCs,
one-on-one interactions, and fixed user positions may not fully capture
the complexity of real-world social VR scenarios. Future studies should
test Whisper in more dynamic, multi-user environments across various
contexts, such as educational settings and professional meetings. This
approach would provide a more comprehensive evaluation of Whisper’s
performance in authentic social situations. Additionally, expanding the
age distribution of participants would mitigate potential bias towards
new technologies among younger users.

Future validation should also incorporate third-party observers to as-
sess the discretion of private conversations from an uninvolved perspec-
tive. This evaluation is crucial for understanding Whisper’s real-world
effectiveness and its impact on broader social dynamics in VR spaces.
Long-term usage studies are also necessary to reveal insights into user
adaptation, potential misuse scenarios, and the technology’s influence
on social norms in virtual environments.

8 CONCLUSION

This paper introduces Whisper, a novel multisensory technique de-
signed to facilitate private conversations in social Virtual Reality en-
vironments. Inspired by real-world whispering behavior, Whisper
integrates visual, auditory, and tactile elements to create an immer-
sive and intuitive private conversation experience. Our user studies
demonstrated that Whisper significantly outperforms existing methods
in terms of sense of privacy, mode distinguishability, intimacy, and
perceptual realism. Moreover, Whisper enhanced both self-presence
and social presence, contributing to more engaging and naturalistic
interactions in virtual spaces. By closely mimicking physical world
interactions, Whisper bridges the gap between digital and face-to-face
communication, potentially opening new avenues for social interaction
in virtual environments.
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