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Abstract

Digital touch communication highlights a gap in human-computer interaction, as haptic-capable devices
like smartphones and VR systems often provide only basic notifications and feedback. This gap stems from
a disconnect between technical capabilities and user needs, with many haptic systems lacking consider-
ation for human experience. Challenges include limited understanding of user expectations, insufficient
research infrastructure for complex haptic interactions, and inconsistent device interoperability standards.
This dissertation addresses these challenges using a Research through Design methodology, developing
and iteratively refining functional haptic systems with users. This approach explores complex problems
through prototypes and gathers insights to develop new tools and inform industry standards.

Technology probe interviews exploring user perceptions of digital touch revealed a realism paradox,
where participants desire meaningful haptic connections but reject excessive sensory realism in specific
contexts. Findings further highlighted embodied privacy concerns beyond data security, including un-
wanted physical sensations and nuanced contextual appropriateness, which binary permission models fail
to address. The research shows that the same haptic signals can be appropriate or intrusive depending on
relationship dynamics, timing, and social context.

These insights into the spatio-temporal nature of touch and the dependency on body locations infor-
mated the design of HapticHarness, a modular platform that enables researchers to investigate multi-point
embodied haptic patterns across body locations. Combining 3D printed parts, laser-cut materials, and

magnetic connectors with intuitive design software, the system enables rapid reconfiguration for diverse
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research contexts. Evaluation with novice and expert users yielded high usability, enabling future studies
of embodied privacy, spatial preferences, and cultural differences.

Recognizing that most haptic interactions occur through mobile devices, this dissertation also intro-
duces TouchTact, an open-source iOS toolkit that lowers technical barriers for mobile haptics research. Its
single-app architecture adapts dynamically to researcher-configured files, transforming weeks-long devel-
opment into hours of iteration. Demonstration studies and usability evaluations confirmed its ability to
replicate established experimental paradigms, ranging from detection thresholds to gamified tasks, while
broadening access to haptics research for diverse communities.

Deployment of these tools revealed recurring perceptual limitations, prompting investigation into
cross-modal stochastic resonance as a means of enhancing haptic perception within comfort boundaries.
The approach developed an open-source system that dramatically reduced stochastic resonance-based en-
hancement research costs while investigating electrical noise enhancement of mechanical haptic percep-
tion. Dual validation across balance control and texture discrimination established electrical stochastic
resonance as a unified enhancement principle. Key results demonstrate significant improvements in tex-
ture discrimination and balance control.

The research trajectory concluded with participation in MPEG Haptics standardization as one of three
evaluation laboratories. By implementing rigorous multi-modal evaluation protocols, the research con-
tributed empirical evidence that directly shaped codec selection and technical specifications. The approach
involved rigorous implementation of standardized evaluation protocols assessing human perception of
haptic encoding approaches across multiple modalities. Results contributed empirical evidence informing
codec selection decisions for international standards addressing users’ fragmentation concerns raised in
our probe-based study. The standards establish common data formats, reducing vendor lock-in, metadata

structures supporting user agency, and compression methods maintaining perceptual quality.
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Together, these interconnected contributions advance haptic communication from user understanding
through technical implementation to international standardization. The work provides theoretical frame-
works, practical tools for research communities, and empirical foundations for human-centered haptic

interaction that respects human agency while enabling meaningful connection.
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Chapter 1

Introduction: From User Insights to Technical Standards

1.1 The Haptic Communication Gap

Consider the limitations of a comforting video call with a distressed friend. Despite seeing their tears and
hearing their voice, you cannot o er the simple reassurance of a hand on their shoulder or a supportive
embrace. This gap exempli es a fundamental limitation in current communication technology. While
we can transmit rich visual and auditory information across any distance, we struggle to share touch
meaningfully. Touch, the sense that often carries the most profound emotional signi cance in human
relationships, serves critical roles in emotional regulation, social bonding, and communicative expression,
ranging from the calming e ects of a gentle caress to the reassurance of a rm handshake [87, 133, 230,
100].

This communication gap might seem to result from technical limitations, an assumption worth exam-
ining given the current state of haptic technology. Haptic technology demonstrates remarkable technical
sophistication. Research laboratories showcase devices capable of rendering complex textures [69, 132,
256], precise forces [209, 270], and nuanced thermal sensations [208]. Consumer devices, such as Apple's
Taptic Engine [14] in iPhones and Apple Watches, Sony's voice coil actuators in PlayStation 5 DualSense
controllers [315], and Nintendo's HD Rumble linear actuators in Switch Joy-Cons [273], integrate advanced

actuators with millisecond response times. However, haptic communication remains underdeveloped in
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everyday applications, con ned mainly to simple noti cation buzzes and basic vibration patterns. This dis-
connect between technical capability and deployed functionality suggests that the barrier is not hardware

limitations but missing foundational knowledge.

1.2 The Complexity of Haptic Perception

Understanding digital touch requires confronting the remarkable complexity of human haptic perception.
Unlike vision or audio, which rely on specialized sensory organs, touch perception emerges from an in-
tricate network of mechanoreceptors distributed throughout the skin and musculoskeletal system. This
distributed architecture creates both opportunities and challenges for haptic technology design.

Human haptic perception operates through two complementary channels: cutaneous and kinesthetic.
Cutaneous perception processes information from mechanoreceptors in the skin, detecting pressure, vibra-
tion, and texture through spatiotemporal deformation patterns. Kinesthetic perception provides informa-
tion about force, position, and movement through receptors in muscles, joints, and tendons [172]. While
consumer haptic devices primarily target cutaneous channels through vibrotactile stimulation, meaning-
ful touch communication often requires coordinated activation of both systems. This challenge shapes the
technical investigations throughout this dissertation.

The cutaneous system comprises four distinct mechanoreceptor populations, each with characteristic
frequency sensitivities and spatial resolutions [37]. Pacinian corpuscles, responsive to vibrations between
40-1000 Hz with peak sensitivity at 250-300 Hz, play a crucial role in ne texture perception and detecting
vibrations through tools [164]. Meissner's corpuscles respond optimally to 1-100 Hz frequencies with peak
sensitivity at 50 Hz, contributing to utter detection and grip control [163]. Slowly adapting Merkel cells
detect pressure and texture through 0.4-100 Hz responses, with peak sensitivity around 5 Hz, and are
particularly important for edge detection and coarse texture discrimination [164]. Ru ni endings sense

skin stretch and contribute to nger position perception, responding primarily to internally generated
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stimuli [281]. This frequency-speci ¢ architecture means that the 20-1000 Hz range of current mobile
haptic actuators can activate multiple receptor populations, but doing so meaningfully requires precise
control of signal characteristics.

Mechanoreceptors are known as low-threshold receptors due to their very high sensitivity, allowing
even weak mechanical stimulation of the skin to induce nerve impulses [172]. The distribution of these
receptors varies across the hand, with Johansson and Vallbo [162] documenting that the the counts and
absolute densities of di erent types of mechanoreceptor cells at the ngertip. This high density at the
ngertips explains why detecting small objects, such as a sewing needle lying on a smooth surface, is
immediate with the ngertip but more di cult with other regions of the palm.[92].

Perceptual discrimination in the haptic domain follows Weber's law, where just-noticeable di erences
(JNDs) scale proportionally to stimulus intensity [172]. For tactile frequency discrimination, Weber frac-
tions typically range from 0.05 to 0.15, meaning humans can detect frequency di erences of 5-15% at
threshold levels [281]. These psychophysical principles establish fundamental constraints for haptic de-
vice design: rendering distinguishable haptic patterns requires managing these discrimination thresholds
while respecting the distinct sensitivities of di erent mechanoreceptor populations. Our stochastic res-
onance studies in Chapter 5 directly engage with these perceptual limits, demonstrating how controlled
noise can lower detection thresholds without increasing stimulus intensity [236].

Translating physiological capability to meaningful perception involves additional cognitive and con-
textual factors. Each mechanoreceptor encodes information uniquely for the same stimulus based on its
structural properties and physical location within the skin [164]. The same haptic signal can convey di er-
ent meanings depending on body location, social context, and individual expectations. Our user research
presented in Chapter 2 reveals these complexities. Furthermore, the bandwidth limitations of current hap-
tic technology create a fundamental asymmetry: while human mechanoreceptors operate across a wide

range of frequencies with unique sets of spatial and temporal resolution [37], consumer haptic devices
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typically provide single-point stimulation with limited frequency delity. This gap between biological ca-
pability and technical implementation motivates our development of research tools like HapticHarness
(Chapter 3) for multi-point stimulation studies and TouchTact (Chapter 4) for systematic exploration of
achievable perceptual experiences within current technical constraints.

The standardization e orts described in Chapter 6 directly address these perceptual realities. The re-
fresh rate for most grounded haptic devices is generally at least 1000 Hz, derived from the maximum
human-perceivable frequency via touch at approximately 500 Hz and the Nyquist theorem requirement
for faithful signal reproduction [292]. The MPEG Haptics standard's dual support for vibrotactile and
kinesthetic signals acknowledges that di erent applications require di erent perceptual channels. By es-
tablishing bitrate targets from 2-16 kbps based on perceptual evaluation rather than engineering conve-
nience, the standard understands that haptic perception has unique requirements distinct from audio or
visual media [151].

This perceptual complexity shapes every aspect of haptic system design. Technical decisions about
sampling rates, quantization levels, and compression algorithms must account for mechanoreceptor sensi-
tivities and their frequency-dependent responses [37]. Interface designs must consider both the capabilities
and limitations of human touch perception, including the functional roles that di erent mechanoreceptor
classes play in texture discrimination, grip control, and object manipulation [192]. Most critically, as our
user research demonstrates, successful haptic communication requires not just activating mechanorecep-

tors but doing so in meaningful and appropriate ways within human social and emotional contexts.

1.3 Why Build Knowledge?

Current haptic devices can generate frequencies across the full tactile spectrum that human mechanore-
ceptors can perceive. This tactile spectrum includes the 20-1000 Hz operational range, which activates

Pacinian corpuscles for ne texture perception, Meissner's corpuscles for utter detection, and slowly
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adapting Merkel cells for pressure discrimination.[37]. These devices render forces with sub-millisecond
latency that exceeds the temporal resolution requirements of kinesthetic perception, and create sensa-
tions ranging from subtle vibrations at perceptual threshold to rm pressures well above Weber fraction
discrimination limits. However, despite this alignment with human perceptual capabilities, these techni-
cal achievements have not translated into widespread adoption for interpersonal communication or rich
interactive experiences. Recent surveys con rm this adoption gap, with Kuhail et al. [186] identifying
persistent barriers that include the absence of uni ed standards across platforms, unresolved data privacy
concerns speci ¢ to embodied information, and safety challenges in managing unwanted or inappropriate
touch sensations. These issues transcend pure technical capability.

This dissertation argues that the eld lacks foundational knowledge in three critical areas. First, we do
not understand how people conceptualize digital touch. Their desires, fears, and mental models often di er
signi cantly from the assumptions embedded in current device designs. This mismatch produces haptic
systems that users reject as invasive or meaningless, preventing the translation of technical capability
into meaningful social connection. As our technology probe interviews reveal, users express complex
contradictions. They want connection without overwhelming realism, and they demand embodied privacy
protections that extend beyond data security, which current design approaches cannot address.

Second, we lack research instruments to systematically investigate haptic experience across the di-
verse contexts where touch communication occurs. Without tools capable of studying haptic interaction
across di erent body locations, social contexts, and individual di erences, we cannot build the cumulative
knowledge necessary to design systems that respect human boundaries while enabling meaningful touch
communication. This gap forces researchers to extrapolate from limited laboratory ndings to complex
real-world applications.

Third, without standards that encode technical requirements and user protections, individual innova-

tions cannot build upon each other or ensure user agency in haptic interactions. Just as MPEG standards
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enabled today's multimedia internet by allowing diverse devices and content to interoperate, haptic stan-
dards must prevent the fragmentation that traps innovation in proprietary silos. However, unlike audio or
video standards, haptic standards must encode metadata for consent and contextual appropriateness be-
cause touch engages intimate sensory experiences that require user control mechanisms that our research
shows are fundamental to acceptance. The rst step is to establish adaptable standards that unify existing
proprietary silos into a cohesive technical framework, ultimately allowing us to expand and incorporate ad-
ditional aspects of consent and contextual appropriateness, and subsequently address the social-emotional
layers that are essential for user agency in haptic interactions.

Building this knowledge requires moving beyond laboratory demonstrations to engage with the full
complexity of human touch communication. This dissertation documents that knowledge-building is
achieved through a Research through Design approach, where understanding emerges from creating, test-

ing, and iterating with functional systems and real users.

1.4 Contributions of This Dissertation

This dissertation makes four interconnected contributions that advance haptic communication from user
understanding to technical implementation.

Through technology probe interviews with 17 participants using Apple Watch Digital Touch, we re-
veal how people conceptualize digital touch interactions in Chapter 2. Participants expressed complex
desires and contradictions; for example, wanting meaningful connection without overwhelming realism,
demanding embodied privacy protections that extend beyond traditional data security, and requiring con-
text awareness that respects the social nuances of touch communication.

In Chapters 3 and 4, we developed two platforms that enable systematic investigation of haptic experi-
ence. HapticHarness provides a modular, wearable system for controlled studies of multi-point embodied

haptic patterns across di erent body locations. TouchTact enables mobile haptic research through an iOS
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toolkit that supports experiment design, deployment, and data collection for audio-haptic interaction stud-
ies. These tools allow researchers to move beyond single-actuator laboratory constraints.

Chapter 5 explores the potential of cross-modal stochastic resonance to improve the discrimination
of ne-grained mechanical haptic signals. We investigate whether electrical stimulation can enhance
mechanical haptic perception of textures and modulate postural control, to enhance perception of sub-
threshold stimuli within user comfort boundaries. Our postural control studies demonstrate that cross-
modal electrical stimulation modulates spatial exploration while preserving system complexity, opening
possibilities for richer haptic experiences that respect user preferences.

In Chapter 6, we document our participation in MPEG-I haptics standardization e orts, contributing
insights from our user research to inform technical speci cations. By advocating for metadata structures
supporting user agency and contextual appropriateness, we ensured that future haptic systems can encode
the human concerns revealed in our empirical ndings.

Each contribution builds knowledge others can use, creating a foundation for human-centered haptic
innovation.

These ve contributions position this dissertation at the intersection of multiple research domains, as
illustrated in Figure 1.1. Our user studies (Chapter 2) emerge from HCI methodologies to inform haptic
design. Our research tools Haptic Harness (Chapter 3) and TouchTact (Chapter 4) span haptics, mobile
computing, and HCI research. Our enhancement work (Chapter 5) bridges haptics, neuroscience, and
psychophysics. Our standards contributions (Chapter 6) translate empirical ndings to inform technical

speci cations that can guide future development.

1.5 Research Approach

Research through Design (RtD) represents a methodological approach where knowledge emerges through

the iterative process of creating, testing, and re ning designed artifacts [95, 298]. Originally articulated by
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Figure 1.1: Positioning of dissertation contributions across intersecting research domains. Each chapter
addresses challenges that emerge at the boundaries between Human-Computer Interaction (HCI), Hap-
tics, Mobile Computing, Neuroscience, Psychophysics, and Standards development. This interdisciplinary
approach enables systematic investigation from user understanding through technical implementation to
standardization e orts.

Frayling as research through design, which is distinct from research into or for design, RtD positions
the act of designing itself as a form of inquiry. [382]. This methodology enables researchers to investi-
gate complex, under-constrained problems by embodying hypotheses in working prototypes and learning
through their deployment [183].

This dissertation employs RtD as its primary methodology because haptic communication research
demands embodied investigation. Touch is fundamentally physical; abstract analysis misses crucial aspects
that only emerge through direct interaction. Users can only meaningfully evaluate haptic experiences they
can feel, not merely conceptualize. Moreover, the persistent gap between technical capability and user
acceptance in haptics suggests that building and testing real systems reveals insights invisible to purely
theoretical approaches.

Our RtD approach unfolds through four interconnected investigations that progress from human un-

derstanding to technical implementation. We begin with technology probe interviews using Apple Watch
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Digital Touch to understand user conceptualizations of digital touch. We then build research tools, such
as HapticHarness for full-body studies and TouchTact for mobile haptic research, to enable systematic
investigation of the complexities our user research revealed. Our enhancement studies explore stochastic
resonance techniques through working prototypes that participants can experience directly. Finally, our
standards work translates insights from human research into technical speci cations through collaborative
design processes with international stakeholders.

This progression represents knowledge accumulation rather than predetermined steps. User insights
revealed complexity that demanded new investigation tools. Tool development exposed perceptual limits
that informed enhancement studies. Through this iterative process of making, testing, and re ning, Re-

search through Design enables us to build knowledge that bridges human needs and technical possibilities.

1.6 Analytical Framework
Our investigations identi ed three interrelated layers that shape haptic communication experience:

1. The social-emotional layer encompasses how people negotiate touch permissions, interpret hap-
tic messages, and manage the social implications of embodied digital communication. This layer
includes trust, consent, cultural norms, and relationship dynamics that determine when and how

digital touch feels appropriate.

2. The perceptual-cognitive layer addresses how users perceive and make sense of haptic signals, in-
cluding discrimination thresholds, comfort boundaries, attention allocation, and the cognitive load

of interpreting arti cial touch sensations.

3. The technical-systemic layer comprises the infrastructure that enables haptic communication, from
signal encoding and transmission protocols to device compatibility, actuator characteristics, and

rendering algorithms.
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This framework emerged from our data analysis rather than being imposed upon it. Throughout the
dissertation, we demonstrate how technical decisions at the systemic layer profoundly impact user experi-
ence at the social-emotional layer, mediated by perceptual-cognitive processes. Every engineering choice

encodes assumptions about human touch communication.

1.7 Research Questions

Our investigation is guided by four interconnected research questions that emerged and were re ned

throughout the work.

1. What are the multifaceted concerns, expectations, and conceptual models that users bring to medi-
ated social touch? This grounds all subsequent work in human needs rather than technical possibil-
ities.

2. What research instruments and platforms can systematically investigate the complex design space

of haptic interaction? This addresses the methodological gap our user insights revealed.

3. How might we enhance human haptic perception within the comfort boundaries users express? This

explores possibilities for a richer experience without overwhelming sensation.

4. How can insights from haptic research inform technical standards that balance innovation with user

agency? This ensures that our knowledge can be codi ed and shared across the eld.

These questions emerged iteratively; tool-building revealed new user concerns, enhancement exper-
iments suggested standardization needs, and standards discussions highlighted measurement gaps. We
present them in polished form while acknowledging that the research involved numerous reformulations

and exploratory dead ends.
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1.8 Scope and Limitations

This dissertation investigates vibrotactile communication for social touch, focusing on the 20-1000 Hz fre-
guency range that current mobile devices can practically render. We do not address force feedback, thermal
displays, or ultrasound haptics, although our ndings may inform these modalities. Our studies primar-
ily involve adult participants in North American contexts; cross-cultural validation remains as important
future work.

The tools we developed represent starting points rather than complete solutions. Our HapticHar-
ness system enables certain embodied studies, but requires technical expertise and laboratory settings.
TouchTact democratizes mobile haptic research, but remains limited to iOS devices and speci ¢ interac-
tion paradigms. Our stochastic resonance enhancement work demonstrates early possibilities, but requires
extensive validation for practical deployment.

Our standards contributions represent participation in, not leadership of, a signi cant collaborative
e ort. The MPEG Haptics standard incorporates insights from many research groups and commercial
stakeholders. We highlight where our speci ¢ ndings informed technical decisions while acknowledging
the standard's broader scope and collective development.

We present these contributions not as complete solutions but as knowledge others can build upon

steps toward expressive digital touch that respects human agency while enabling meaningful connection.

1.9 Reading This Document

Chapters 2-6 present our core contributions, each addressing research questions that emerged from pre-
vious ndings. Chapter 7 synthesizes insights across all studies. The dissertation presents research con-

ducted over several years, linearized for clarity. In reality, these investigations often overlapped; standards
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discussions informed tool design, user insights shaped enhancement experiments, and tool deployment
revealed new concerns about user experience.

Readers may focus on di erent aspects of this work. Haptics researchers may emphasize the research
tools and enhancement techniques. HCI practitioners may prioritize user insights and design implica-
tions. Standards developers may examine how empirical ndings inform technical speci cations. System
designers may trace requirements from user needs through technical implementation.

Each chapter includes a re ection on what the work reveals and what questions remain open, acknowl-
edging that building knowledge for haptic communication is an ongoing collective endeavor. We invite
others to build on this foundation, extending and improving it, as together we work toward a future where

digital touch serves human needs.
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Chapter 2

Social Fabric: A Technology Probe Study of User Expectations for

Privacy, Safety, and Control in Mediated Social Touch

How do people actually think about digital touch? This seemingly simple question proves surprisingly
complex when we examine existing haptic technologies. Despite capable hardware in smartphones, smart-
watches, and VR systems, digital touch remains con ned mainly to basic noti cations and simple feedback.
This pattern suggests that technical capability alone cannot drive adoption. The persistent gap between
what our devices can do and how people use them points to a fundamental knowledge gap. We have built
haptic systems based on engineering assumptions rather than human understanding.

This chapter documents our investigation into user conceptualizations of digital touch through tech-
nology probe interviews with 17 participants using Apple Watch Digital Touch. Rather than testing speci c
design hypotheses, our research-through-design approach explores the broader landscape of expectations,
concerns, and desires that people bring to mediated touch experiences. The ndings reveal substantial
complexity, as participants simultaneously want meaningful connection while fearing overwhelming re-
alism. They express privacy concerns that extend beyond data security to embodied experience and require
contextual appropriateness that current binary permission models cannot accommodate. These insights
demonstrate how technical decisions at the systemic layer profoundly impact social-emotional experi-

ence through perceptual-cognitive processes. This research establishes foundational knowledge about the
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sophisticated design space that vibrotactile communication must navigate and reveals the research infras-

tructure needed to investigate human haptic experience systematically.

2.1 Introduction

The rapid proliferation of haptic interfaces in consumer devices like smartwatches has created opportuni-
ties to explore how people conceptualize future mediated touch technologies. Yet a recent review of digital
touch research [275] highlights a lack of uni ed frameworks for understanding how these technologies
that are rapidly transitioning from laboratory to consumer markets, are reshaping interpersonal commu-
nicative capacity and touch practices. Reports of harassment in virtual environments without digital touch
[25] raise concerns about how adding tactile sensations may create new challenges for user safety and con-
sent. These incidents echo early documented cases of virtual assault in text-based environments, where
participants reported lasting trauma despite the absence of physical contact [82].

Historical accounts from early online communities established that virtual interactions can produce
authentic embodied experiences. Turkle's foundational study [337] of Multi-User Dungeon or Domain
users documented how even text-based virtual environments create genuine embodied presence, with
participants experiencing lasting psychological transformations through avatar interaction that persisted
into o ine life. Similarly, Dibbell's account [82] demonstrated how verbal sexual assaults in text-based
virtual worlds could be experienced as genuine violations, with victims reporting real psychological trauma
despite the absence of physical contact. These cases laid the groundwork for recognizing that mediated
interactions including visual, auditory, or tactile can have real-world consequences. Today, the experience
of receiving an unwanted caress in VR illustrates this continuity: the sensation can linger on the skin and

provoke involuntary bodily responses despite the absence of physical contact [272].
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Current user safety guidelines on social virtual reality (VR) platfofnpsovide extensive guidance
on content-based violations rather than real-time embodied experiences, that is, interactions that are felt
physically or sensorily through immersive environments and mediated through users' virtual bodies. This
gap re ects a broader misalignment between existing techno-legal frameworks and the sociotechnical
realities of immersive platforms, where touch and presence are central to user experience [380]. Research
on virtual embodiment shows that users develop strong ownership over avatars via the body transfer
illusion, which suggests that digital touch in VR may elicit emotional and social responses comparable to,
or in some cases, stronger than physical world touch [211, 310]. Additionally, research on harassment in
social VR environments shows that immersive experiences are exacerbated by synchronous voice chat,
heightened presence, embodiment, and avatar movements that feel like violations of personal space [33],
with participants describing uninvited spatial proximity and avatar-mediated behaviors as particularly
threatening forms of virtual harassment [96].

Recognizing these limitations and given the nascent state of consumer digital touch technologies and
the critical need to understand user concerns before widespread deployment, this paper presents an ex-
ploratory investigation to map the design space of mediated touch. Rather than testing speci ¢ hypotheses
or validating design principles, we use technology probes to surface critical questions and concerns that
guide future research and development.

The complexity of this challenge increases when considering the personal and contextual nature of
touch and its preferences. Cultural di erences in a ective touch behavior are substantial; for example,
in one study, only 57% of Chinese participants reported intimate touch behaviors with romantic partners
during the previous week compared to 98% of Italian participants [8]. Gender profoundly shapes touch

experiences, with 49% of women who are regular VR users reporting sexual harassment in social VR [257].

"For examplehttps://www.meta.com/legal/quest/code-of-conduct-for-virtual-experiences/ (Accessed 1
July 2025)
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The emergence of phantom touch, where participants can develop full-body tactile sensations in VR
without digital touch [10], reveals that our bodies cannot easily distinguish real from virtual as assumed.

Given the limitations of commercially available full-body digital touch systems, we emplo¥pgle
Watchs Digital Touch as a technology probe [145] with 17 university participants. This wrist-based de-
vice served as a conversational anchor for speculative discussions about imagined future digital touch
technologies, not as a proxy for full-body digital touch systems. Participants' re ections surfaced ve key
areas warranting future investigation with actual digital touch systems: (1) relational and contextual fac-
tors determine touch acceptability, (2) existing social norms in uence haptic interpretation, (3) a realism
paradox where users simultaneously crave and fear authentic sensations, (4) privacy concerns over how
intimate bodily sensations become persistent, shareable data, and (5) governance considerations encom-
passing user agency and broader institutional responsibility by regulatory and corporate actors.

These exploratory ndings suggest initial design considerations moving beyond binary permission
models toward nuanced, context-aware management. Unlike existing on/o controls, our framework rec-
ognizes touch as dynamically negotiated based on relationships, socio-cultural and personal backgrounds,
and situational contexts. This contribution speaks to broader HCI conversations about values in design
[98], dark patterns in embodied interfaces [332], and the need to incorporate contextual understandings
of touch in immersive VR systems [283]. Practically, it identi es questions and concerns that should be
empirically investigated with actual digital touch systems before any design guidance can be o ered.

The paper is organized as follows. We begin by reviewing relevant literature on social digital touch in
VR, embodied interaction, and technology probe methodologies to establish the theoretical foundation for
our work. We then describe our qualitative research methodology and participant recruitment approach.
Our ndings section presents exploratory themes that emerged from participants' speculative re ection,
followed by a discussion of their theoretical grounding and its implications and practical design principles.

Finally, we address study limitations and outline directions for future research. Our work highlights that

27



haptic communication constitutes a signi cant shift in digital embodiment that requires new approaches
to consent and boundary management in virtual environments where physical and digital interactions

increasingly converge.

2.2 Background

2.2.1 Mediated Social Touch

Mediated social touch arises from converging technological advances and the desire to enrich digital com-
munication [130, 250]. Unlike task-oriented haptics, which prioritize e cient transfer of functional infor-
mation [283, 118, 339], social haptics emphasize emotional expression and relationship building. Empirical
studies show that simple variations in rhythm, amplitude, and frequency can reliably convey distinct emo-
tions between partners, underscoring touch's role as an a ective, not merely informational, channel [311].

Despite this potential, commercial haptic applications often optimize for clarity in navigation or noti-
cations [260, 331]. Social haptics face additional challenges: balancing expressivity with appropriateness,
intimacy with consent, and emotional nuance with contextual sensitivity. These tensions are re ected in
design frameworks such as Huisman's taxonomy, which categorizes social touch technologies by intimacy
levels, reciprocity requirements, and context-awareness capabilities [144]. Complementary perspectives
come from systematic reviews like Raisamo et al.'s [283] analysis, which identi es key design dimensions
such as symmetry, privacy, and context-awareness that intersect with Huisman's framework to guide the
development of emotionally expressive yet socially appropriate haptic communication systems.

Beyond cultural and technological layers, touch activates specialized a erent bers that form a dedi-
cated neural pathway for a ective processing [349], distinct from discriminative touch pathways. These
bers respond optimally to gentle, slow touch and project to emotion-related brain regions [230], creat-

ing direct pathways to emotional connection that support social bonding and stress reduction. Gallace
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and Spence's neuroscienti ¢ review reveals that interpersonal touch operates through multiple neural
pathways serving diverse evolutionary functions from establishing social hierarchies to regulating phys-
iological arousal, making it one of the most complex sensory modalities to replicate [100] digitally. This
neurobiological foundation suggests the potential for touch to enrich emotional resonance in digital com-
munication while highlighting the need for careful consideration of consent and boundaries in digital
touch interface design.

Understanding boundary negotiations in digital touch requires theoretical frameworks that recognize
embodiment: how physical, sensory, and bodily experiences shape cognition, meaning-making, and social
interaction [178]. Existing theories provide complementary perspectives on why virtual violations feel
physically real. Hall's proxemic theory [121] explains how spatial boundaries are de ned by interpersonal
intimacy, while Petronio's communication privacy management theory [269] illuminates the importance of
negotiating control over personal information. Theories of embodied cognition demonstrate that concepts
and cognition are deeply grounded in sensorimotor experiences [24], explaining why virtual interactions
can activate embodied cognitive processes and feel authentically real. In haptic communication, embodi-
ment manifests through how users experience digital touch as a real bodily sensation, integrate multiple
sensory channels to construct meaning, and negotiate boundaries through their felt sense of bodily auton-
omy rather than purely cognitive processes. This embodied nature creates unique privacy challenges that
extend beyond traditional data protection to what we term embodied privacy : protecting intimate bod-
ily experiences from unwanted access, recording, or redistribution. Haptic privacy is distinctive because
touch data simultaneously exists as eeting embodied sensation and persistent digital artifact, creating
novel challenges for existing privacy frameworks that assume clear boundaries between personal experi-
ence and shareable information.

These complexities demand new approaches to governance: the multilayered systems, processes, and

institutions that establish rules, enforce boundaries, and allocate accountability for user interactions in
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digital spaces. This encompasses platform policies, enforcement mechanisms, legal and regulatory frame-
works, community-driven moderation, and individual user control systems [114]. Unlike traditional con-
tent moderation focusing on post-hoc removal of harmful text or images, haptic governance must address
the unique challenges of embodied interaction: real-time consent negotiation, contextual appropriateness
of touch across cultures and relationships, and the material consequences of virtual sensations on phys-
ical bodies. As Gillespie [111] argues, platforms do more than host content as they actively mediate
expression and social interaction, necessitating governance strategies that extend beyond conventional
legal approaches. Additional key concepts, including the realism paradox, emoji ed touch, and other

concepts discussed in this paper, are de ned in Glossary 7.7.

2.2.2 Technology Landscape

The COVID-19 pandemic intensi ed the recognition of audiovisual communication's limitations in con-
veying subtle social and emotional cues, catalyzing demand for more embodied forms of mediated interac-
tion [225, 150]. Before the pandemic, longitudinal research [375, 374] with separated families had already
documented how mediated social touch devices helped maintain emotional bonds across distance, reveal-
ing design requirements for supporting intimate communication while highlighting persistent limitations
in replicating physical co-presence. Pandemic-induced lockdowns led to signi cant changes in digital com-
munication patterns, with organizations increasing meeting frequency while decreasing meeting duration
to compensate for lost face-to-face interaction [77]. Studies found that social VR platforms helped reduce
loneliness and anxiety [22, 174, 345]. Users from these studies reported increased VR use in response to
social distancing measures.

Consumer wearables have popularized digital touch, creating widespread familiarity with this technol-
ogy [70]. Smartphones and smartwatch adoption have expanded signi cantly, establishing digital touch

as a familiar interaction modality [261]. This widespread adoption has created an established user base
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familiar with haptic noti cations. However, social applications leveraging this familiarity remain in early
development, with many technologies still at the proof-of-concept stage [358, 161].

The VR market is expanding beyond gaming into social, educational, and professional applications
where human connection is central [93]. Current haptic social communication encompasses diverse tech-
nologies with vastly di erent capabilities. Our study focused speci cally &pple WatcHs basic vibration
patterns as a conversation starter, not as representative of advanced digital touch systems, including full-
body haptic suits and specialized devices for long-distance relationships [328]. However, both consumer
and research systems share fundamental limitations: minimal customization options, lack of contextual

appropriateness, and absence of consent mechanisms.

2.2.3 Methodological Limitations in Existing Research

Current haptic research remains trapped in the demonstration paradigm, showcasing technical capabili-
ties through controlled, consensual interactions instead of grappling with messy realities [296]. Laboratory
studies demonstrate enhanced presence [328] or emotional conveyance [250] but often overlook the envi-
ronmental, social, and emotional factors that fundamentally shape mediated touch in real-world contexts.
Haptic research predominantly examines planned, consensual interactions in controlled settings, with
limited attention to unwanted or ambiguous touch encounters [283]. This methodological bias creates a
blind spot: while researchers document positive responses to carefully orchestrated haptic experiences,
limited research investigates how users interpret and respond when digital touch signals arrive without
warning, from unknown senders, or in inappropriate contexts. More fundamentally, everyday interactions
with smartphones, laptops, and game consoles have shaped our perceptions of digital touch. As Parisi[262]
argues, we often understand digital touch as a one-way relationship between the user's ngers and a screen
rather than as something bidirectional, social, or contextual. The development of touchscreen technology

followed corporate interests rather than haptic research trajectories, shaping the physical media through
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which we encounter touch technologies and our very conception of what technologized touch should
be.

Evidence indicates that contextual factors critically moderate mediated social touch acceptance [300],
yet current systems largely ignore these complexities. Relational context signi cantly in uences inter-
pretation and acceptability, with identical digital touch signals being perceived as appropriate by intimate
partners but intrusive by strangers [327]. Situational context, including physical environment, social set-
ting, and ongoing activities, also shapes responses in ways that current systems cannot accommodate.
Additionally, gender signi cantly impacts touch interpretation, with documented di erences in power
dynamics and status relationships a ecting appropriateness [131].

In addition to these dynamics, touch has unique properties in speci ¢ pathologies. For example,
research suggests that touch processing operates through rapid subcortical pathways before conscious
awareness, with studies documenting tactile defensiveness in over 90% of autistic individuals [46, 282] and
pronounced touch aversion in trauma survivors with PTSD [323].

Traditional neuropsychological assessments face limitations in capturing experiences requiring eco-
logical validity, or laboratory-based assessments often involve simple and static stimuli lacking essential
aspects of real-world activities [264]. At the same time, controlled laboratory experiments prove insu -
cient for addressing complex, contextual, and ethically sensitive questions about unwanted haptic contact.
Di erent research methodological approaches are needed to create authentic haptic experiences in nat-
uralistic settings while maintaining ethical safeguards that can reveal the subtle factors governing user
experience with intimate technologies before widespread deployment that can create opportunities for

harm.
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2.3 Methodology

Our study examines emotional and cognitive responses to mediated social touch using a qualitative, probe-
based approach to provide insights for future immersive technologies. We utilizedAhigle WatcHs

Digital Touch feature with in-depth interviews, recognizing that wrist-based vibrations cannot replicate
full-body haptic experiences. Rather than predicting user experiences with advanced digital touch, we
used this probe to help participants express their concerns and expectations about emerging technologies
through unexpected haptic interactions. This section details our methodological approach, participant

recruitment, and data collection procedures.

2.3.1 Method
2.3.1.1 Technology Probe Design

We employed technology probes as de ned by Hutchinson et al. [145] as simple, exible, adaptable tech-
nologies to explore user perspectives on mediated touch. This approach builds on cultural probes [104,
105] that embrace ambiguity and a playful, subjective approach while serving three goals: understand-
ing user needs, eld-testing technology, and inspiring new technological visions. Recent probe adaptations
demonstrate their particular value for haptic research [146], with studies showing how physical devices
foster re ection [353] and how deliberately unre ned probes allow participants to interpret experiences
through their frameworks [333].

We select theApple WatcHs Digital Touch heartbeat function as our probe because it provides an
inherently intimate mode of haptic communication [26] on a ubiquitous platform. The device exempli-
es how haptic features dissolve distinctions between physical devices and digital interfaces [197], while
its automatic deletion of haptic messages creates natural discussion opportunities about permanence, pri-
vacy, consent, and concepts critical for future immersive systems. Following probe methodology that

views these tools as means for imaginative engagement [36] and expanding the scope of interactive skin
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from the technological to the sensory and the social [160], our approach enabled participants to ground
abstract concerns about mediated touch in concrete experiences, making it ideal for exploring this novel

application area- .

2.3.1.2 Interview Protocol Design

The interview protocol followed a six-part structure progressing from immediate reactions to broader
implications: (1) immediate emotional and cognitive responses to the unexpected digital touch; (2) percep-
tions of additional Digital Touch types (heartbreak, kiss, bubbles); (3) comparative dimensions between
haptic, audio, and visual noti cations; (4) implications for future immersive technologies and touch norm
transfer; (5) user control preferences and design considerations; and (6) governance and regulatory ap-
proaches. This structure enabled participants to articulate nuanced perspectives by grounding abstract

concepts in concrete experiences [81, 146, 49].

2.3.2 Recruitment and Participant Information

We recruited 17 participants (9 female, 7 male, 1 non-binary) aged 19-35 years (M=25.7) from a large West
Coast university in the United States. Our recruitment strategy employed multiple channels to ensure
diverse perspectives. This snowball sampling strategy [242] helped us reach beyond convenience samples
to include participants with varying technological experiences and cultural perspectives. The diversity
was crucial for understanding the contextual factors in uencing digital touch interpretation. Following
participatory design principles, we recruited non-expert users to understand everyday perspectives on
future digital touch technologies. Understanding non-expert mental models and concerns becomes crucial
for inclusive design as these technologies advance mainstream adoption.

Participants represented diverse linguistic and cultural backgrounds, with primary languages includ-

ing English, Chinese, Korean, and German. All study procedures, including interviews and questionnaires,

» https://www.interaction-design.org/literature/topics/technology-probes
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were conducted in English. Most participants were multilingual, with secondary languages including Span-
ish, English, Viethamese, Afrikaans, and others. This linguistic diversity provided insight into potential
cultural variations in touch preferences and interpretations [287], following recommendations from Wyche
[369, 368] and Paterson [267] that culturally mediated touch experiences require varied perspectives.
We acknowledge this sample represents a limited demographic and geographic slice. Our ndings
should be understood as initial explorations from this speci ¢ population rather than generalizable prin-
ciples. Future work must engage diverse populations, including older adults, non-university communities,

and international contexts. We discuss and detail the limits and other concerns in the Section 2.7.

2.3.3 Procedure and Data Collection

2.3.3.1 Ethical Considerations and Session Structure

This study was conducted carefully on ethical research practices and participant wellbeDgring re-
cruitment, all participants were given a digital copy of the information sheet about the experiment. After
this, we administered the pre-study questionnaire.

Onthe day of the experiment, all participants were provided a printed copy of an information sheetand
had opportunities to ask questions about the experiment, methods, tasks, and other aspects, including the
study's purpose, procedures, and data handling practices. The consent process emphasized participants'
right to withdraw at any point without penalty. Our protocol received full approval from the university's
Institutional Review Board (IRB).

Our ethical approach was critical, given the intimate nature of haptic communication. As Flore &
Pienaar [90] highlights, the data cation of intimacy raises signi cant privacy and consent concerns even
when data are fully encrypted. Tooker [335] further emphasizes that binary consent models fail to cap-

ture nuanced user expectations in immersive experiences, a consideration we integrated into our ethical

“With IRB ProtocolUP-20-01131
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framework. After obtaining informed consent, we used audio recording devices to capture the audio for
transcripts and data analysis. We then administered the Brief Mood Introspection Scale (BMIS) [227] be-
fore and after the full interview to monitor potential emotional impacts to ensure that participants did not
experience signi cant negative mood changes due to their participation in the study.

Each session followed a standardized procedure lasting approximately 45 minutes, with two re-
searchers present throughout: one leading the interview and another managing technical aspects and

timing.

2.3.3.2 Reading Task and Haptic Intervention

All participants completed a pre-experiment questionnaire at least one day before the study. This ques-
tionnaire comprised demographic information, Positive and Negative A ect Schedule (PANAS) [355], and
Comfort with Interpersonal Touch (CIT) scale [356], assessing their baseline comfort with interpersonal
touch. Our participants showed a normally distributed range of comfort levels (M=3.16, SD=0.46 on a
1-5 scale where higher scores indicate greater comfort with touch), con rmed by Shapiro-Wilk testing
(W=0.96, p=0.69).

The PANAS analysis reveals our participants to have moderate positive a ect (M=27.82, SD=8.69, in a
scale range 10-50) and relatively low levels of negative a ect (M=16.53, SD=10.71, in a scale range 10-50).
This baseline assessment of touch attitudes and emotional states provided crucial context for interpreting
participants' responses to the digital touch in our study.

On the experiment day, participants wore a&pple WatchSeries 7 on their non-dominant wrist after
giving informed consent. They completed the Brief Mood Introspection Scale (BMIS) to assess baseline
mood. The PANAS was administered at least a day before trait-level a ect assessment, while the BMIS
was used before and after the experiment to track mood changes. Participants with another smartwatch

removed theirs and silenced their devices. They then engaged in a reading comprehension task using
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neutral SAT practice passages (from the U.S. college-admissions Scholastic Assessment Test) to provide a
consistent activity during which they would receive a haptic noti cation. Participants were made aware
during consent that they would experience this haptic feedback during the task.

After approximately 8 minutes of reading and being engrossed in the task, researchers triggered the
haptic noti cation via the Apple Watchfrom an UNKNOWABbntact. We intentionally selected this precise
timing to ensure participants were adequately engaged in the reading task before experiencing the digital
touch, creating an authentic interruption scenario that parallels real-world haptic noti cations. This ap-
proach balanced ecological validity (noti cations often arrive during other tasks) with ethical transparency
(participants knew to expect a noti cation). Researchers observed and noted participants' immediate re-
actions without interrupting their experience.

Our method for designing the unexpected haptic interruption draws on research examining how peo-
ple respond to unsolicited digital communications. Ferguson et al. [85] demonstrate that digital platforms
alter how users process uncertain social signals, particularly when those signals originate from uniden-
ti ed senders. Research by Mehrotra et al. [232] shows that both user reaction time and the perceived
disruptiveness of noti cations depend on key factors such as the relationship between sender and recipi-
ent and the context in which the noti cation occurs. Our experimental design deliberately controlled these

variables to create a realistic scenario of unexpected haptic contact from an unknown source.

2.3.3.3 Interview Process and Data Collection

Following the haptic experience, researchers conducted a semi-structured interview exploring partici-
pants' reactions and perspectives. The interview followed the protocol, progressing from immediate re-

sponses to broader implications.
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During the interview, participants experienced additional digital touch types on #hgple Watch
including heartbreak and bubbles of varying intensity that provided tactile sensations and kiss and re-
ball animations that displayed only visual representations without accompanying digital touch (see Fig-
ure 2.1Y. This combination of haptic and non-haptic interactions provided experiential anchors for dis-
cussing di erent qualities of mediated touch.

All interviews were audio-recorded with participant permission and later transcribed verbatim for
analysis. The BMIS was administered again after the session to ensure the study had not negatively im-
pacted the participants' emotional state. Our analysis comparing pre- and post-experiment BMIS did not
show any statistical evidence of a change in mood.

After completing all study activities, participants received a debrie ng that explained the study's focus
on haptic communication, the intentional design of the unexpected heartbeat, and the importance of their
contributions to understanding future immersive technologies. The debrie ng also allowed participants

to ask questions and share additional thoughts about their experiences.

2.3.4 Analysis Methodology

Our analysis utilized systematic coding and collaborative interpretation to identify meaningful patterns in
gualitative data, following Braun and Clarke's thematic analysis approach [40]. Initially, two lead authors
conducted independent coding, agreeing on primary themes before re ning them collaboratively. These
primary themes led to a group activity where three authors engaged in a hybrid card sorting approach
[62], which included forward sorting (grouping similar codes) and reverse sorting (starting with themes to
nd supporting codes). This method helped establish a hierarchical coding structure and clarify overlap-
ping concepts. By grouping codes and verifying them through reverse sorting, we built broader thematic

categories and created a comprehensive coding framework.

“The image shows two frames (screenshots) of these Digital Touch animations as they appearedApptaeWatch, note
that some Digital Touch interactions have only visual experience.
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Our analytical approach extends methods described by Gaver et al. [104], who advocate for designer-
researchers to collaboratively interpret probe responses rather than codifying them into rigid categories.
Cerci et al. [49] further elaborate on how design researchers navigate the interpretive challenges of probe
data. Boehner et al. [36] argue that probes pose epistemological challenges by embracing ambiguity and
personal interpretation, which our collaborative analysis process was designed to address. Additionally,
Beignon et al. [28] suggest that re ection on methodological approaches can reveal nhormative assump-

tions, a perspective we incorporated by examining our interpretive frameworks during the analysis.

Figure 2.1: Screenshots of Digital Touch Interactions frapple WatcH!

This collaborative process identi ed primary themes (such as context matters ), subthemes, and spe-
ci ¢ dimensions, completing Braun and Clarke's nal phases of de ning and naming themes. The re ned
coding framework was then applied in a nal comprehensive re-coding of all interview data to ensure
consistent application of codes and extraction of relevant insights.

Throughout the analysis, we maintained connections between participants' immediate reactions to
the Apple Watchprobe and their broader re ections on future digital touch systems. This allowed us to
extrapolate from current experiences to anticipated challenges and opportunities in immersive environ-
ments. This iterative approach enabled us to identify the key thematic areas that form the structure of our

ndings: the contextual nature of touch interpretation, tensions between realism and representation, and

implications for the design and governance of future systems.

Tinitially the heartbeat message was sent to the participant, and we showed other options like the bubble/tap, kiss, heartbreak
(similar to heartbeat) and reball options to the user after discussing the initial reaction. Note that we did not showcase the sketch
digital touch.
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2.4 Findings

Our analysis of participants' speculative discussions revealed three interconnected dimensions they antici-
pated would shape haptic communication in imagined future digital environments. We begin by examining
contextual factors that fundamentally in uence how users interpret and respond to digital touch, such as
relationships, cultural backgrounds, and sensory integration, all Itered through established norms and ex-
pectations drawn from online and o ine experiences. The following themes emerged from our exploratory
analysis. Following Bowen's framework [39], we present these as sensitizing concepts and exible ana-
Iytical ideas that guide the exploration of phenomena rather than prescriptive ndings. These concepts
illuminate critical areas requiring further investigation with actual digital touch systems.

While our investigation focused on mediated social touch, participants' exploratory discussions nat-
urally extended to broader digital touch contexts, including gaming, environmental haptics, and system-
generated feedback. This breadth emerged from our probe methodology, which encouraged participants
to imagine comprehensive future digital touch systems rather than constraining their re ections to pre-
determined scenarios. Participants consistently drew connections between social and non-social touch
contexts, noting how design decisions in gaming or environmental haptics would establish norms and
expectations that inevitably shape interpersonal touch interactions. For instance, comfort levels with real-
istic touch in gaming environments in uenced participants' preferences for abstraction in social contexts,
while concerns about consent mechanisms transcended speci ¢ use cases. These interconnections reveal
that understanding social touch in isolation from other haptic experiences would provide an incomplete
picture of user needs and concerns. Rather than arti cially separating these intertwined considerations,
we present participants' holistic perspectives on digital touch. We recognize that the boundaries, gover-
nance structures, and user controls developed for any haptic interaction will fundamentally in uence how

society negotiates mediated social touch.
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2.4.1 Importance of Context
2.4.1.1 The Signi cance of Sender and Type of Touch

Participants consistently speculated that their relationship with the person initiating touch would shape
their interpretation in future digital touch systems. This dynamic is particularly evident when comparing
reactions to touch from strangers versus known individuals. Participants often expressed suspicion when
receiving touch from strangers, describing these interactions as uncomfortable (P6), confusing (P15), dis-
tracting (P4, P5, P14), and potentially spam or scam-like (P1, P8, P9, P12, P13, P16). Only four participants
expressed a positive response to the heartbeat (P2, P3, P10, P11), and two participants (P7, P17) said they
felt neutral about the feedback, as they are alreakyple Watchusers and are used to receiving digital
touch on their wrists. P10 noted that the heartbeat reminded them of a single ladies near you type of
spam on social media. P3 noted how a heart from a stranger feels like a scam, but from friends would
feel playful. Similarly, P17 explained this distinction by commenting that receiving a kissing emoji from a
stranger feels strange, but receiving the same from a friend would be humorous and endearing.
Participants also noted that the closeness within established relationships further in uenced touch
interpretation. P7 emphasized that the closeness of who sends a touch means more than the type of touch
sent, such as whether it was an intimate gesture or an informative noti cation. In contrast, P9 noted that
even if the touch is from a known sender but from someone the user did not like, they would not be happy
seeing the message. P13 noted that closeness to an individual signi cantly determines consent to their

touch in o ine contexts.

2.4.1.2 Socio-Cultural Context

Socio-cultural factors emerged as critical contextual elements shaping touch interpretation. P3 revealed

a heightened sensitivity to surveillance due to their prior experiences with services\ikeChalt which

Thttps:/iwww.wsj.com/world/china/wechat-becomes-a-powerful-surveillance-tool-everywhere-in-chi
na-11608633003
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are known for extensive data collection and monitoring making them particularly cautious about intimate
digital communications being tracked or stored. Family socialization patterns regarding physical a ection
also in uenced participants' comfort levels, with P6 noting that their upbringing in a family environment
with limited physical a ection contributed to their discomfort when receiving kiss-type haptic messages.
Several female participants speci cally highlighted how gender a ects their touch interpretation. A
female participant described di ering comfort levels based on gender, feeling more comfortable with hugs
from females than males, especially if hierarchy or power structure was involved, such as if a female
student would be touched by a male professor rather than a female professor. Another female participant
expressed that they would stop responding if they were sent intimate types of haptics, like kisses. P6
re ected on how these scenarios reminded them of high school classes where girls are taught to be wary
of boys, particularly regarding explicit consent in touch situations, questioning whether the same rules

and ethics should apply to virtual environments.

2.4.1.3 Multi-modal Nature of Being Touched

Visual elements proved particularly important in this sensory integration (Figure B@x G. P12 noted

that preferences for speci ¢ colors associated with digital touch functions, such as the blue circles ac-
companying buzzing haptics on th&pple Watch can make touch seem more soothing. P3 suggested
that adding realistic smells of the person sending the touch could further verify the sender's authenticity,
demonstrating participants' desire for rich multimodal experiences.

P2 observed that touch had the potential to make ordinary digital text messages more exciting, sug-
gesting that haptic elements could signi cantly enrich digital communication when properly integrated
with other sensory information, potentially increasing psychological closeness between communicators.
However, this enhanced intimacy comes with heightened risks. As P12 noted, touch has greater potential

to o end than audio and vision because it engages a more intimate sensory modality.
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2.4.2 Existing Norms and Expectations

In addition to contextual factors, our ndings showed that existing norms and expectations around touch
in both online and o ine contexts signi cantly in uenced how participants experienced and interpreted

digital touch interactions (Figure 2.Box Q.

2.4.2.1 Online Conventions

Participants frequently referenced their existing understanding of digital touch, primarily derived from
noti cation patterns on current devices. For example, P4 noted that they would associate the number
of digital touch signals received with the number of noti cations, similar to how smartphone vibrations
often map 1:1 with incoming messages. These interpretive patterns re ect what Orlikowski and Gash
[255]term technological frames , the assumptions, expectations, and knowledge people use to understand
technology, whichin this case led participants to interpret novel haptic systems through familiar paradigms
of noti cation-based communication rather than recognizing touch's unique a ordances for embodied
connection.

One participant (P13) expressed concern that the adoption of haptics in social XR environments could
replicate toxic elements from gaming culture. Because XR technologies often evolve from gaming plat-
forms, several participants worried that negative social dynamics common in online gaming such as ha-
rassment or aggression, might extend into haptic interactions. P13 cited the hostile atmosphere of certain
Massive Multiplayer Online (MMQO) games, such as League of Legends, as an example, suggesting that the

addition of haptic capabilities could create new avenues for harm.

2.4.2.2 O line Conventions

Participants consistently characterized touch as the most personal and intimate of the senses. P4 artic-

ulated this distinction by observing that while they regularly talk to people they are not intimate with,
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they do not hug people with whom they do not share intimacy. This perception of some senses being
inherently more personal than others was echoed by P8, who noted that touch is a more personal form of
communication by default. They drew a parallel to voice messages, which they considered more personal
and less frequently used in casual communication. The intimate nature of touch also raised the threshold
for potential o ense or discomfort. P12 observed that people are more easily o ended by inappropriate
forms of touch than by incongruent audiovisual stimulation since touch is intimate.

Beyond its intimate nature, participants characterized touch as primarily an emotional rather than in-
formational medium. P7 distinguished forwarding touch from sharing images or audio, explaining that
while photos and voice recordings are standard forms of shareable information, touch communicates inti-

mate emotions and intentions rather than literal messages.

2.4.3 Emojied Touch: The Realism Paradox

Participants expressed varying perspectives on the desired level of realism in digital touch, with their

preferences often contingent on speci ¢ contexts and applications.

2.4.3.1 Varying Preferences for Realism

Some participants appreciated realistic digital touch for its immersive potential over audiovisual options
due to its attention-grabbing, visceral qualities (P7, P8). This preference, however, was highly context-
dependent. While realistic touch might be welcome in private settings where users could explore the
environment more immersively, adjust to the sensations at their own pace, and explore their surroundings
through touch, the same level of realism often would create discomfort in social interactions (P6).

The relationship between action and sensation emerged as particularly important. Participants in-

stinctively expected speci c actions to correspond with appropriate digital touch types. Vibration, for
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instance, felt entirely wrong for representing a hug, with pressure deemed far more suitable (P7). Partic-
ipants consistently associated vibration with noti cations, mirroring existing conventions around digital
touch in mobile devices, while viewing pressure-based sensations as more realistic for interpersonal and
environmental touch interactions. For example, participants expected pressure feedback when feeling vir-
tual grass (P6) or when experiencing interpersonal contact, such as someone pushing past them on a busy

train (P3) or being shot in a game (P8, P9, P10, P17).

2.4.3.2 Human vs. System-generated Touch

Adding another layer to these considerations, participants di erentiated between expectations for user-
generated versus system-generated touch. A nuanced perspective emerged: realism was more appropriate
for simulating human-induced touch, such as from avatars. At the same time, system-generated sensations
were expected to be more imaginative and novel (P7). Several participants preferred realism in contexts
that enhance immersion, such as environmental interactions (e.g., touching grass ) or ctional scenarios
like gaming (P14) and entertainment experiences (P4, P7, P8, P12), rather than in social situations.

However, even with avatar-generated touch, excessive realism should be approached cautiously due to
the potential for an uncanny valley e ect[32] where nearly but not completely realistic human simulations

can create profound discomfort (P7).

2.4.3.3 Gaming Contexts and Realism Preferences

Building on these distinctions between human and system-generated touch, gaming emerged as a unique
domain where participants were more willing to accept digital touch, but with important caveats about
implementation and safety. Several participants viewed gaming as an appropriate context for haptic ex-
perimentation, with P4 comparing it to immersive entertainment experiences ksney attractions or

theater seats that vibrate, noting particular interest iBquid Gaméype experiences, or escape rooms, or
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Star Warsscenarios. P7 stated that in gaming contexts, they already associate digital touch with specic
game actions and have developed familiarity with vibration patterns from traditional gaming controllers.

The relationship between realism and enjoyment in gaming proved particularly complex. While P11
noted that full-body haptics would make games feel more realistic and immersive, asking whether such
devices would be safe when worn on multiple body parts, others expressed concerns about excessive real-
ism undermining the gaming experience. P17 argued that good digital touch should enhance rather than
perfectly replicate reality, comparing it to beautiful art forms not because they are perfectly realistic but
because they're enhanced or o er good metaphor or symbolism. They noted that overly realistic sen-
sations like feeling gunshots in rst-person shooters would make gaming scary and strange rather than
enjoyable. P8 expected haptic sensations to match visual cues (feeling heat in hot game environments)
but did not think they would react much di erently since they would know it's not real. P9 worried that
extremely realistic haptics might blur the lines between reality and VR in dystopian ways, making people
obsessed or too immersed.

Gaming was also viewed as a low-stakes, playful entry point for introducing digital touch technologies.
Participants noted that entertainment contexts are more likely to be embraced by the public, with fewer
concerns about ethical or social implications. The gaming domain revealed interesting perspectives on
technology adoption, with P7 suggesting that marketing haptics through entertainment rather than medi-
cal applications might reduce public suspicion, noting that gaming provides a safer context for introducing
new technologies before expanding to more serious applications. In contrast, deploying haptics in more
serious domains, such as health or research, was considered riskier and more likely to invite skepticism or
focus on potential harms (P7).

However, participants distinguished between single-player and multiplayer gaming experiences, with
P6 emphasizing that while solo campaign games could o er individual touch settings, multiplayer envi-

ronments require the same boundary protections as other social spaces. Participants also raised signi cant

46



safety concerns speci ¢ to gaming contexts. P7 extensively discussed the need for granular control sys-
tems, age-appropriate restrictions (suggesting limited body areas for under-18 users), and the ability to
disable digital touch for speci ¢ body parts. P11 highlighted particular concerns about sexual content in
games, noting that age-appropriate restrictions would be essential to prevent exposing minors to inap-
propriate touch experiences. P13 emphasized the importance of anonymity controls, stating they would
only consider enabling haptics in formal, non-anonymous gaming environments where real identities are

veri ed and there are direct lines to pursue accountability.

2.4.3.4 Achieving Realness Through Abstraction

Despite the potential for gaming to serve as an entry point for digital touch technologies, concerns about
excessive realism extended across all contexts, particularly for intimate interactions. When discussing
intimate interactions, a notable pattern emerged favoring stylized or emoji ed touch representations
over realistic ones. Multiple participants expressed strong discomfort, speci cally with the realistic visual
appearance of thépple WatcHs kiss Digital Touch, even though no haptic sensation accompanied it.
P5 found the kiss unsettling from an unknown sender, noting that the realistic lip prints against a dark
background appeared creepy and threatening, while suggesting a cartoonish emoji version would seem
harmless. P8 similarly preferred sending a kiss emoji over the digital touch version that appeared too
realistic with glossy details.

The language used to describe this discomfort was particularly revealing: participants characterized
the realistic kiss as vulgar and grotesque (P8) because the color reminded them of hookup culture (P8)
and appeared overly sexual (P11). P11 explained that the kissing image could send ambiguous messages
that make people uncomfortable, especially when received from someone who had acted suspiciously,
noting that from an unknown person it would be interpreted as inappropriately sexual, given their lack of

relationship.
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This preference for abstraction extended to other intimate sensations as well. Participants preferred the
tapping sensations associated with the bubble digital touch over the heartbeat feedback precisely because
the bubble felt more animated while the heartbeat felt too realistic (P6, P7). P8 noted that although they
would share physical intimacy with a romantic partner in person, they would not engage in digital kissing
because it feels excessively realistic.

However, this preference for stylization was not universally shared. Some participants expressed a
desire for more realistic touch, though notably, only for people with whom they already shared intimate
relationships (P12). Others cautioned that making haptics more like abstract emojis could confuse non-
verbal digital communication, paralleling how some emojis like the upside-down smiley are complex to

decode without contextual clues (P13).

2.4.3.5 Virtual Reality Perception Gap

Participants varied widely in how real they considered interactions in virtual environments, and these
perceptions shaped their expectations for behavior and accountability. Some, like P2, dismissed digital
experiences as fundamentally fake, which they associated with a greater willingness to engage in disrup-
tive or transgressive actions. Others, such as P6, recognized that harmful behaviors from o ine contexts
could transfer into digital spaces but argued that the absence of tangible, real-world consequences in VR
increased the risk of misuse.

Several participants also highlighted mismatches between sensory realism and social accountability.
P9 noted that high- delity avatars and spatial audio could make interactions feel emotionally convincing,
yet still lacked the stakes of physical-world encounters. P11 described an unsettling disconnect when
virtual actions elicited intense emotional reactions without any enduring social or legal repercussions.

This gap, they argued, could normalize harmful conduct in ways that would be unacceptable o ine.
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A few participants worried that increased sensory realism might blur the boundaries between safe
roleplay and harmful conduct. P14 compared this to people thinking they can say things online they'd
never say in person, but with the added dimension of touch or proximity potentially amplifying emotional
impact. P17 cautioned that the more immersive and embodied VR becomes, the more important it will be to

align governance and enforcement mechanisms with the heightened emotional impact of such interactions.

2.4.4 User Concerns

Participants also articulated signi cant concerns about privacy, safety, and psychological well-being.

2.4.4.1 Data Privacy Concerns

Privacy (Figure 2.2Box B emerged as the most signi cant concern among participants, encompassing
both traditional data privacy (how platforms collect and use touch information) and embodied privacy
(protection of intimate sensations from unwanted access or redistribution). Participants worried about

how touch data might be collected, stored, disseminated, abused, or misused.

1) Storage and Control Over Touch Data:  Participants expressed strong concerns about platforms col-
lecting and storing their haptic interaction data. Some worried speci cally about employees of platforms
potentially exploiting customer touch data, with one participant expressing reluctance to share personal
digital touch data, such as hugs, with platform companies (P4). Others feared external threats, express-
ing concerns about data breaches by malicious actors (P3) or unwanted tactile spam messages (P5). P4
speci cally voiced concerns about company employees accessing and misusing intimate digital touch data
for personal purposes outside work contexts. The potential for touch data to be exploited against users
emerged as a concern from multiple participants. P4 characterized digital touch data as potentially dan-
gerous due to vulnerabilities in how platforms protect intimate bodily data, while P3 expressed opposition

to comprehensive surveillance through data collection systems.
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A vital power dynamic emerged when participants noted that disappearing messages create asymmet-
ric data control between users and platforms. P10 expressed frustration that companies retain tracking
capabilities while users lose access to their interaction history. P4 emphasized the importance of user
agency over their data, arguing that once a haptic interaction occurs, users should maintain control over

its preservation rather than having platforms having proprietary access.

2) The Haptic Ephemerality Paradox:  Interestingly, participants were concerned not only about un-
wanted storage of touch data but also about unwanted deletion (FigureBb2, B. Automatic deletion
features evoked strongly adverse reactions, with P13 describing feelings of manipulation and arguing that
haptic interactions, once experienced, should not be retroactively erased by the sender. P10 characterized
disappearing functionality as undermining system trustworthiness and expressed frustration with unex-
plained disappearance of Digital Touch messages they received oAppée Watch™.

Several participants referenced ephemeral messaging platforms as negative examples. P11 opposed
automatic message deletion without user awareness, while P3 advocated for user choice in message preser-
vation rather than platform-imposed ephemerality. P7 preferred permanent message retention and viewed
auto-deletion as problematic.

Moreover, the ephemeral nature of touch heightened participants' concerns beyond traditional messag-
ing. P13 articulated how digital touch di ers fundamentally from text, explaining that physical sensations
create an immediate experiential impact that cannot be undone even if the digital record is later removed.

Participants identi ed several potential harms from unwanted deletion. P2 worried about memory
distortion and factual disputes, while P4 noted that deletion undermines users' ability to document harass-
ment for reporting purposes. P13 emphasized how deletion enables inappropriate behavior by removing
evidence and accountability. The inability to maintain records of harmful interactions was consistently

identi ed as a signi cant concern for user safety and platform accountability.

“Digital Touch messages olipple Watchesare automatically deleted unless the user explicitly press the “keep' button
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3) Replaying and Forwarding Touch:

a. Opposition to Forwarding Touch Without Consent .  Many participants strongly opposed
sharing touch without explicit consent, particularly for intimate interactions (Figure B2x B. P7 char-
acterized touch as fundamentally di erent from other media due to its nature and unsuitability for broad
distribution. P12 framed unauthorized forwarding as a privacy violation, while P8 emphasized the trust-
breaking nature of such actions. P9 expressed emotional harm that would result from having intimate
touch shared without permission.

The persistence of digital touch particularly concerned some participants. P11 expressed discomfort
with the potential for inde nite circulation of haptic interactions, while P17 characterized the spreadable
nature of digitized physical interactions as disturbing. P16 drew parallels between forwarding intimate

haptic content and sharing private imagery without consent.

b. Legitimate Contexts for Storing and Replaying Touch .  Despite these concerns, participants

identi ed several legitimate contexts for storing and replaying touch:

i. Safety-Related Investigations were widely acknowledged as appropriate use cases to store and
replay touch data. Harassment reporting (P6) and the preservation of evidence to prevent deletion
of harmful interactions (P5) were identi ed as important applications. Others pointed to the value
of detecting patterns of problematic behavior over time (P11). While acknowledging the privacy
trade-o s involved, some noted that reporting often requires victims to sacri ce some degree of
privacy for protection (P3). There was also support for controlled sharing mechanisms that would
allow users to seek feedback or safety assessments from trusted individuals about mediated touch

interactions (P13).

ii. Personal archiving represented another accepted use case, particularly for preserving meaning-

ful interactions with loved ones. Replay functionality was seen as valuable for reliving cherished
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moments with family members (P11) and maintaining records of positive experiences (P15). Partici-
pants distinguished between routine, functional haptic noti cations and socially meaningful touch,
with some arguing that the latter merits preservation, particularly for irreplaceable interactions with

deceased loved ones (P4).

c. Personal vs. Generic Touch .  The distinction between personal and generic touch emerged as
a key factor in appropriate sharing. P8 di erentiated between standardized haptic content, which could be
appropriately shared, and personalized interactions, which required protection. P7 similarly distinguished
between default haptic options and individualized expressions, arguing that generic content posed fewer
privacy concerns than personal representations. P15 expressed comfort with sharing non-intimate haptic

content while seeking protection for interactions that might be misinterpreted.

d. Consent and Existing Communication Norms .  Prior consent was identi ed as critical by
several participants. P5 argued forwarding could be acceptable when senders understand sharing possibil-
ities, drawing parallels to current text messaging expectations. P13 proposed noti cation systems similar
to screenshot alerts in existing platforms to maintain sender awareness of content sharing. P15 noted
potential bene ts of automatic deletion for managing unwanted mediated touch.

A minority of participants took more permissive positions. P17 argued that haptic forwarding should
follow existing digital communication norms without special restrictions, while P10 compared device shar-
ing to established practices like email access. These participants suggested that touch interactions should
operate within existing digital communication frameworks rather than requiring novel consent mecha-

nisms.
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2.4.4.2 Additional Safety Concerns

Beyond data privacy, participants identi ed several other safety concerns associated with digital touch
technologies in social XR environments, ranging from immediate physical risks to longer-term psycholog-

ical and social impacts.

1) Physical Safety and Weaponization Risks: Physical safety emerged as a primary concern, with
participants explicitly worried about the dangers of implementing realistic digital touch. Multiple par-
ticipants brought forth various scenarios where online violence could cause real harm; for example, if
someone wanted to punch them with a realistic rendering, they would be physically hurt (P11, P16). One
participant (P12) mentioned worries that overly precise digital touch systems could be weaponized to hurt
others, that sharp pressure might pierce the skin, and that users' skin could get caught in haptic devices.
Beyond immediate harm, participants raised concerns about longer-term physiological impacts. Over-
stimulation from digital touch could lead to exhaustion, and prolonged exposure to vibrations might cause
sensory damage (P17). One participant compared this to rehabilitative robotics for older adults, noting
how rehabilitative technologies designed to help can sometimes inadvertently cause exhaustion and sen-
sory damage, creating the weakness they aimed to address and suggesting haptic devices might similarly

have unintended physiological consequences (P17).

2) Reproduction of O line Social Harms: Participants warned that realistic touch in XR could repli-

cate dangers familiar from o ine settings, including gender-based abuse (P6), sexual assault (P3), and
harassment (P4). Concerns included the absence of safeguards to prevent unwanted contact, particularly
in open or unmoderated environments where strangers could initiate haptic interactions without consent

(P5, P11).
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Participants highlighted scenarios where realistic haptic feedback could heighten distress compared to
text-based communication, especially if the unwanted touch came from someone known to them but with-
out their current consent (P5). Others linked the issue to cases already reported in virtual reality settings,
where sexual contact occurred without agreement, prompting discussions about legislative intervention
(P11). This underscored the perceived need for robust consent mechanisms, granular controls over who

can touch and on which body parts, and protective measures for vulnerable groups such as minors (P11).

3) Psychological Risks: Psychological well-being concerns were prominent among participants, span-
ning issues of addiction, identity, vulnerability, and reliability. Several worried that haptic technology
could become addictive like smartphones (P2), particularly if integrated into platforms such as TikTok or
social media, where added sensory features might make disengagement more di cult and further amplify
compulsive engagement (P17, P16). Some linked this to the risk of overstimulation, noting that the absence
of haptic feedback afterward might create a sense of lack or craving (P16). Concerns extended to physical
and cognitive fatigue, with participants highlighting how prolonged haptic use, especially continuous vi-
bration, could cause sensory strain, muscle fatigue, or even physical injury, particularly for older adults or
those using haptics for rehabilitation (P16).

Participants also raised the possibility of identity theft or impersonation, particularly through the re-
play of distinctive touch patterns without consent, such as sending another person's unique hug (P4).
Relatedly, some discussed bodily dysphoria and disconnection from one's physical body when sensations
did not align with actual experiences (P17), warning that haptics could alter one's perception of their body
in ways that were destabilizing. Others, however, suggested potential bene ts for people experiencing gen-
der dysphoria, such as devices that could simulate a rming sensations aligned with one's gender identity
(P17).

Vulnerable users, particularly minors, were seen as at heightened risk, with worries about unwanted

touch or access to age-restricted content (P17). Technical reliability also emerged as a key issue, as glitches
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could distort the intended meaning of a touch, inadvertently communicating something uncomfortable or

even harmful (P17).

4) Erosion of In-Person Experiences: Participants expressed concern that digital touch technologies
could erode the value of in-person interactions, both by diminishing their perceived specialness and by
fostering reliance on mediated alternatives. Excessive customization for safety was seen as potentially
reducing the authenticity and richness of human connection (P9), while the blurring of boundaries between
physical and virtual experiences was linked to risks of fantasy dependence and avoidance of real-world
engagement, akin to hiding behind a mask (P9). Several explicitly noted that substituting physical touch
with online alternatives could be unhealthy and strip o ine interactions of their distinct emotional weight

(P4, P9).

Social consequences were also highlighted. Participants warned that widespread use of haptic tech-
nologies might contribute to reduced face-to-face contact, increasing social isolation (P17) and weakening
o0 ine social skills (P2). This risk was seen as particularly acute for individuals already spending signif-
icant time in digital environments, potentially deepening the digital divide between those who maintain
rich o ine relationships and those whose interactions are largely virtual (P2). Finally, the absence of non-
verbal physical cues in mediated touch was identi ed as a limitation that could make it harder to interpret

others' authentic emotional responses (P2), further reducing the quality of social exchange.

5) Contextual Ambiguity of Harm in XR: Participants grappled with the di culty of de ning and
addressing harm in XR environments involving touch. A key tension emerged around whose rights should
take precedence when one person experiences a touch as harassment while another intends it as intimacy
(P4). One proposed, though imperfect, approach involved all parties waiving certain rights upon entering
these spaces, with only gross misuse being sanctioned, an option that would still require platforms to retain

user data for accurate policy enforcement and fair dispute resolution (P4).
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Consent was seen as particularly challenging to operationalize. Requiring users to agree to touch
before entering a space could provide protection but might also be interpreted as implicit consent to ha-
rassment (P5). Some participants argued for adapting existing legal frameworks so that o ine laws apply
in online environments, while recognizing that others might reject this view by treating virtual and real-
life experiences as fundamentally distinct (P6). Another suggestion was to use sexual harassment laws as
a framework for determining malicious intent in digital touch, while acknowledging that enforcement is
complicated by the fact that personal discomfort does not always meet the threshold of illegal behavior

(P3).

2.4.5 Proposed Solutions

Participants o ered recommendations for creating safer haptic interaction systems, focusing on protecting
user privacy and implementing safety measures. Their suggestions included questions about responsibility

allocation between users, platforms, and regulatory bodies.

2.4.5.1 Privacy Protection Mechanisms

Participants proposed a range of strategies to safeguard user privacy in haptic interaction systems, em-
phasizing both preventive and technical approaches. Preventive measures included leveraging contextual
indicators such as time of day, speci c movement patterns, and the number of people present, to assess
whether a situation might be more conducive to harm (P3). Technical proposals focused on setting nite
lifetimes or limiting the number of replays for touch messages (P13), implementing clear labels to indicate
whether touch data will be deleted (P17), and requiring companies to anonymize any personal digital touch
data they collect (P16).

Interaction logs emerged as a compromise between privacy and safety. While full replay capabilities

were contentious, many participants supported logs that documented touch events without reproducing
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the sensation (P13). Such logs could help determine whether an interaction was harmful and, if so, block
its recurrence (P12) and provide incontrovertible evidence of misconduct, such as groping on a train (P13).
Logs were also seen as useful for revealing harassment attempts even when user settings blocked the tactile
feedback, for example, documenting instances where others attempted contact despite the haptics being

setto pretend mode (P13).

2.45.2 Suggested Safety Measures

While privacy protections address data-related risks, participants also emphasized the importance of ac-
tive safety measures to prevent harm and foster positive user experiences. Recommendations focused
on three interconnected domains: technical system design, community-based governance, and regulatory
frameworks.

In terms of system design, thoughtful default settings were seen as critical safeguards, given that many
users retain whatever con gurations developers set initially (P16). Suggested features included the ability
to toggle devices on and o at will, the inclusion of panic buttons for rapid disengagement, and other
proactive safety controls (P13).

Community moderation was identi ed as an essential complement to technical interventions. Partic-
ipants proposed measures such as certifying or verifying moderators (P13) and ensuring that these indi-
viduals establish and communicate clear behavioral norms within their virtual spaces (P8).

Participants recognized the role of regulatory approaches, including the development of legal frame-
works and industry-wide standards, as necessary to reinforce both technical and community-based safety

systems (P10, P16).
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2.4.5.3 Responsibility Allocation

Participants grappled with questions about who should bear responsibility for ensuring safe haptic inter-

actions across individual, platform, community, and regulatory levels.

1) Platform-Centered Responsibility: Many emphasized platform accountability, asserting that com-
panies developing digital touch technologies should implement robust safety features by default rather
than shifting the burden to users (P4). This position was grounded in the observation that technology pro-
ducers hold primary control over system design, with regulators serving as the only alternative source of
oversight. However, participants acknowledged that such control is shaped by market dynamics: monopo-
listic conditions limit consumer in uence, whereas competitive markets incentivize responsiveness to user
needs (P4). Suggested areas of platform responsibility included setting safety standards (P8), amplifying
educational content about appropriate haptic communication, such as workplace communication tutori-
als on social media, and introducing mandatory ethics standards akin to ISO certi cations for engineered

products before commercial release (P17).

2) Shared Responsibility Models:  Other participants advocated for shared responsibility frameworks,
wherein platforms provide tools but users actively set boundaries and report violations. Moderators were
seen as key actors in establishing community norms and managing haptic settings within their spaces (P8).
This model was further re ned by proposals for certi ed community moderators with the authority to ban
users or disable haptic functionality, while maintaining ties to platform-level review processes (P13). Such

a structure would distribute accountability across multiple stakeholders while ensuring oversight.

3) Regulatory Oversight and Legal Frameworks:  Regulatory oversight was also viewed as essen-

tial, though opinions varied regarding its feasibility. Some argued that existing o ine laws should extend

58



to virtual environments (P6), while others expressed skepticism about whether governments or corpo-
rations could protect users e ectively (P3). Sexual harassment laws were cited as potential frameworks
for determining malicious intent in digital touch, though participants recognized enforcement challenges
(P3). Notably, some lawmakers were perceived to already be exploring legislation addressing virtual sexual

contact (P11).

2.4.5.4 Feasibility of Implementation

1) Challenges with Current Frameworks:  The absence of legal protections for non-consensual hap-

tic contact in virtual environments creates uncertainty about enforcement authority (P4). Because such
contact occurs without physical presence, current legislation, regulations, and protections often do not
apply. This legal vacuum raised questions about whose rights take precedence, such as whether a sender's
privacy rights should outweigh the recipient's right to document harassment (P4). One proposed, though
controversial, solution involved users waiving certain rights upon entering haptic spaces, with only gross

misuse or clear legal violations being punishable (P4).

2) Pessimism About Regulatory Capacity:  Several participants doubted the ability of governments

and regulatory bodies to e ectively address digital touch technologies. Rapid technological development
was seen as outpacing policy and enforcement, with social norms often forming before legal frameworks
are established (P18). Concerns were raised about the preparedness of governments and the adequacy
of corporate resources to handle such cases. P13 echoed this skepticism, noting that few governments
have enacted e ective legislation for meaningful protection. While supporting democratic involvement in
policy-making, they also warned against authoritarian approaches that could restrict user agency rather

than safeguard it.
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3) Precautionary Approaches: Given these uncertainties, some participants advocated for precaution-
ary principles in system deployment. P13 suggested that companies should err on the side of safety until
more evidence suggests otherwise, prioritizing user protection over rapid feature rollout. This stance
places the initial burden on platforms to demonstrate safety before introducing new haptic functionalities,

rather than requiring users to prove harm.

2.4.6 User Control Systems

Participants suggested several control preferences. In this section, we report on these control structures

organized by theme. We will re ne and synthesize these systems into formal control methods in Section 2.6.

2.4.6.1 Touch Sensation Preferences

Participants highlighted several con gurations for digital touch. Duration controls should allow brief
alerts for noti cations and extended pulses for task-related cues (P14). Intensity sliders, ideally per body
location, were requested to ne-tune sensation strength (P7, P16, P17, P14). Spatial distribution options
were important, with preference for urgent signals routed to multiple sites versus localized feedback for
routine events (P12). Participants also called for age-gated restrictions, defaulting haptics o for minors,
and blocking sensitive body areas for under-18 users (P7, P11). They emphasized privacy safeguards by
restricting haptics on private regions such as the groin by default and some preferred wrist-based alerts
for hygiene and comfort (P10, P12, P17). A partial-body mode, limiting feedback to select regions or
representing the user as a oating head, was considered safer than full-body cues (P11, P3). Finally, to

avoid interrupting everyday actions, haptics should bypass ngertips and hands (P12).

2.4.6.2 System-Level Control Preferences

Participants described broader mechanisms governing haptic interactions. They stressed contact-speci ¢

consent, distinct from general platform agreements, requiring explicit approval before any touch event
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and guardian consent for minors (P3, P5, P6, P17). Authentication markers, such as sensory signatures or

front-facing delivery, were suggested to verify sender identity without visual cues.

2.4.6.3 Pretend Mode

They wanted on/o toggles, including scheduled or space-based mutes (e.g., meetings, public areas) similar
to Do Not Disturb, plus a stealthy pretend mode that silences sensations while appearing active to
others (P7, P8, P9, P13, P15, P17). Relationship-driven rules, such as allowlists for close friends with mutual
agreement features, were preferred over blocklists. However, blocklisting unknown senders was seen as a
complementary safety measure against potential abuse (P1, P3, P12, P13, P15, P16, P17).

Finally, participants sought context-speci ¢ modes (e.g., work vs gaming, age-appropriate virtual
worlds) and rapid safety access panic buttons, deadman switches, in-world reporting, and replay for
evidence. These controls help users manage discomfort without exiting the experience (P3, P5, P6, P7,

P15).

2.5 Discussion

Our exploratory investigation surfaces critical considerations for the emerging mediated social touch de-
sign space. We present these insights as a conceptual framework for guiding future research rather than
prescriptive design guidelines. Figure 2.2 presents a conceptual map that synthesizes our ndings within
existing theoretical perspectives and points toward future technical design and governance approaches.
At its center lies embodied interaction, re ecting how digital touch operates not as isolated technological
features but through integrated bodily, social, and contextual experiences. Grounding theories (yellow
triangles) represent foundational theoretical frameworks from established literature that explain under-
lying phenomena. At the same time, explanatory concepts (green hexagons) are speci ¢ mechanisms or

phenomena that help interpret how these theories manifest in digital touch contekts
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Figure 2.2: Theoretical Framework for Understanding Digital Touch: An Embodied Interaction Perspec-
tive

2.5.1 How People Make Sense of Touch

Participants' discussions revealed that interpreting mediated touch involves active meaning-making
shaped by relational context, consent cues, sensory integration, realism preferences, and perceptions of
material consequence. Digital touch is not experienced as isolated vibration or pressure but as an embodied

interaction mediated through users' expectations, prior experiences, and social frameworks.

» This conceptual map presents primary theoretical connections between our ndings (red circles), grounding theories (yellow
triangles), explanatory concepts (green hexagons), design and governance controls (orange diamonds), and proposed frameworks
(purple ovals). For visual clarity, we show only core relationships. Secondary connections (e.g., between multimodal meaning-
making and rendering controls) are omitted. Due to space constraints, we cite only key references per concept, though our
analysis draws on broader literature discussed throughout this paper.
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2.5.1.1 Context Determines Everything

Building on theories of contextual communication [121], participants stressed that the meaning of a haptic
signal depends less on its physical properties and more on the relationship and situation in which it occurs
(Figure 2.2Box . An identical vibration from an unknown sender was often perceived as suspicious or
spam-like, whereas the same pattern from a trusted contact felt a ectionate or playful (Section 2.4.1).

This dynamic re ects Newcomb's [244] ABX model of communication, which posits that individuals
(A) adjust their attitudes toward objects or experiences (X) based on their relationship with other com-
municators (B), explaining why participants sought equilibrium by either accepting touch from trusted
senders or rejecting it from unknown sources to maintain social balance. This suggests that users bring
established digital communication practices such as authentication and sender veri cation from text or
email, into haptic interactions.

These contextual dependencies extend Hall's proxemic theory into virtual environments, showing how
spatial intimacy becomes technologically mediated [219]. In physical spaces, proxemic zones rely on mul-
timodal cues such as body language, appearance, and spatial positioning. In digital haptic communication,
these cues are largely absent [18], leaving sender identity as the primary interpretive anchor. This absence
of contextual sca olding creates ambiguity, underscoring the challenge for designers: to pair technically
precise haptic signals with interpretive frameworks that preserve emotional safety and enable accurate

meaning-making.

2.5.1.2 Consentin Context-Limited Environments

The absence of contextual cues in digital environments creates signi cant challenges for establishing con-
sent (Figure 2.Box B. In physical settings, proximity allows for dynamic negotiation via body language,

verbal feedback, and situational awareness. Social presence theory [305] suggests that media vary in their
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ability to convey social presence, with richer modalities supporting greater awareness of interaction part-
ners.

Participants described mediated haptic interactions as occurring in what weiotdrpretive voids
situations where the lack of visual and contextual information transformed consent from an ongoing ne-
gotiation into a binary decision.

Without visual signals such as gaze or posture, intent is harder to read, echoing Expectancy Violations
Theory [44], which holds that expectations guide the interpretation of behaviors. Some participants pre-
ferred to accept touch only from people within their eld of view (P5), re ecting natural consent practices
and ndings by Bailenson [18] on interpersonal distance in VR.

Others stressed that the problem was not only about missing cues, but about how existing social hierar-
chies, particularly gendered power dynamics, intensify risk. Several (P3, P5) described greater discomfort
when receiving touch from men, especially in hierarchical contexts such as professor-student relation-
ships. These accounts align with Mast's [224] research on gendered interpretations of nonverbal cues and
Henley's [131] work on power in touch perception. The problem is compounded in virtual spaces, where
protective mechanisms like public visibility or shared oversight may be absent.

Participants argued that, given these limitations, haptic communication requires stronger, more nu-
anced consent mechanisms than audiovisual media. They described touch as more intimate and potentially
invasive, making binary permissions insu cient. As Marcotte [217] notes, such models fail to account for
consent's ongoing, situational, and relational nature, especially in contexts shaped by power disparities.

To address this, participants advocated for multimodal, context-aware consent systems that integrate
relational history, user agency, and situational context. The goal is not to simply replicate physical-world
consent norms, but to design for the realities and risks of mediated touch. Drawing from feminist technol-
ogy scholarship, Wajcman [348] emphasizes that technologies are socially embedded and often inherit the

values of their creators, while Balsamo [19] highlights how interfaces actively shape embodied experience,
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vulnerability, and power. These perspectives underline that consent in haptic systems is not just a techni-
cal feature but a structural design choice with material consequences for safety, presence, and autonomy

in virtual environments.

2.5.1.3 Multimodal Meaning-Making

The challenges of context and consent reveal a deeper layer of interpretation: users do not experience me-
diated touch as a stand-alone tactile event, but as part of a multisensory experience, cognitively assembled
whole. This aligns with theories of embodied cognition [24, 101], which argue that understanding emerges
through the interplay of sensory and motor systems, not from isolated perception.

Visual elements signi cantly in uenced how haptic signals were perceived. Participants often de-
scribed strong reactions to on-screen representations, such as discomfort at realistic lip imagery, even
when no corresponding haptic feedback occurred. Several noted feeling a kiss purely from visual in-
put, demonstrating how cross-modal sensory experiences can be triggered through visual pathways. This
aligns with research showing that emotional responses to touch in VR depend heavily on visual framing
and perceived intimacy [328]. Stylized or abstract visuals, such as slow-moving blue bubbles, were often
described as calming, whereas literal images of lips provoked discomfort. These reactions suggest that
visual design can regulate emotional distance, determining whether touch is perceived as comforting or
invasive.

From the perspective of Media Richness Theory [71] and Haans and lJsselsteijn's work on mediated
touch [118], digital touch communication requires users to construct meaning across fragmented channels.
Rather than experiencing integrated multisensory cues as in physical touch, users must assemble meaning
from visual, tactile, and contextual inputs delivered asynchronously or across separate interfaces. Partic-

ipants had to construct meaning from dispersed signals, which imposed cognitive strain and interpretive
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e ort. Mejia and Yarosh describe this misalignment between sender intent and receiver perception as so-
cial disfordance, especially acute in haptic media [233]. In practice, participants frequently defaulted to
visual channels to resolve ambiguity, not out of inherent preference, but because these cues were more
legible in digital environments. Price et al's ndings with the Tactile Emoticon system similarly show that
e ective emotional communication emerges only after repeated use and negotiated meaning [276].
Neuroscience research shows that touch and vision share neural pathways, enabling multimodal in-
tegration [294]. This supports the idea that users experience digital touch as a synthesis of inputs across
modalities. Participants often relied more on accompanying animations than on tactile sensation when
interpreting wrist vibrations. This interpretive burden will likely grow as systems expand to full-body

interfaces.

2.5.1.4 The Realism Paradox

Participants described a persistent tension between valuing authentic sensory realism and feeling discom-
fort when interpersonal touch was rendered too realistically (Figure B&x D. Realism was welcomed
in environmental haptics, such as texture, temperature, or force feedback when used for exploratory or
task-oriented purposes. Yet, when applied to intimate gestures like a kiss or heartbeat, participants often
reacted with unease or disgust. This suggests that the desirability of haptic realism is context-dependent
rather than universally positive.

In intimate contexts, many favored abstraction or stylization, which we refer to as emoji ed touch,
the playful, simpli ed representations that maintained semantic meaning while creating psychological
distance. For example, blue bubble animations were considered calming and friendly, whereas realistic
lip imagery provoked negative visceral responses. This di erential reaction suggests that abstraction is

an emotional regulatory mechanism, allowing users to engage with intimate content while maintaining
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safety and control. This dynamic re ects symbolic interactionism, where meaning arises from shared
social interpretation rather than intrinsic properties of the stimulus [35].

Abstraction also served a protective function, aligning with uncanny valley ndings that near-realistic
but imperfect simulations can trigger stronger adverse reactions than clearly arti cial or fully realistic
ones [32, 213]. Participants' discomfort with high- delity heartbeats and kiss simulations suggests that
current digital touch technologies may fall into this unsettling middle ground, realistic enough to trigger
embodied responses but not re ned enough to feel authentically human. The result was often described
as grotesque or invasive, reinforcing preferences for stylization that acknowledged arti ciality.

This discomfort is not only psychological but also carry ethical implications. Realistic haptics can blur
boundaries between virtual and physical experience, raising concerns about safety and consent. Partici-
pants feared that excessive realism could facilitate unwanted intimacy or harassment, especially in contexts
where consent mechanisms are limited. In this light, stylization becomes more than an aesthetic choice as
it is a protective design principle that preserves user agency and emotional boundaries.

A promising design direction aligns with Slater et al's concept of psychological realism without behav-
ioral realism [309] and Lee's [194] three-part framework of presence: physical, social, and self-presence.
Haptic realism appears most problematic when mismatches occur between physical sensations, social con-
text, and self-perception. Designing mediated touch to enhance emotional presence while avoiding over-

precise mimicry of physical sensation may o er a balanced, user-preferred approach.

2.5.2 User Agency in Digital Touch

The anticipated material reality of digital touch raises critical questions about user agency, data control,
privacy, and embodied ethics that existing frameworks are ill-equipped to resolve. This transformation re-
ects what Flore and Pienaar describe as data-driven intimacy [90], where embodied experiences are con-

verted into extractable digital artifacts. Participants identi ed contradictions in digital touch: as eeting
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yet permanently stored, as intimate yet potentially commodi ed, and as personal expression that demands
ethical protections beyond conventional privacy law.

Participants distinguished between personal touches, which they believed deserved protection, and
more generic haptic patterns they might willingly share. Unlike text or images, touch was perceived as
emotion rather than information, yet participants recognized that digitization inevitably data es the expe-
rience, capturing parameters like pressure, rhythm, and style. This duality heightened tensions between a
desire for control and the reality of platform authority over data lifecycles. Current privacy frameworks,
which focus mainly on access or visibility, fail to address touch's deeply a ective and embodied dimen-
sions, reinforcing Solove's argument that privacy is about dignity and agency as much as concealment

[312].

2.5.2.1 The Ephemerality Paradox

Participants expressed competing desires for permanence and deletion of touch data, a phenomenon that
we call theephemerality paradoXSome wanted to preserve meaningful touches, such as a mother's hug
after bereavement, while others feared that storing such data could enable future harm, particularly in
cases of harassment. These contradictions re ect Flore and Pienaar's concept of data ed sensations [90],
where intimate experiences become both persistent and trackable.

Reactions to speculative features like automatic deletion were split. Some participants associated
disappearing messages with secrecy and mistrust, recalling negative experiences with platforms like
Snapchat. Others worried that automatic deletion might erase evidence of misconduct while retaining
backend records for corporate use. These concerns underscored Petronio's notion of boundary turbulence
[269], especially acute with bodily data that cannot be unfelt, as the experience remains even if the

record is no longer available.
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This creates atemporal disjunction: the body registers touch instantly and irrevocably, while platforms
operate on archival timelines, deciding what persists and what disappears. Altman's work on privacy and
environment [12] helps frame this as a mismatch between embodied and computational time. Rather than
advocating for blanket deletion or retention, participants called for graduated control, such as keeping
meaningful touches, documenting harmful ones, and erasing those without ongoing value. This rejects
the false binary of safety versus privacy [59], suggesting that the solution lies not in more data retention
or erasure, but in greater user agency over both.

The ephemerality paradox encapsulates the core design challenge for haptic systems: reconciling the
transient, lived nature of touch with the in nite durability of digital records. Addressing it requires systems

that recognize touch not just as data to be secured, but as embodied experience to be respected.

2.5.2.2 Touch as Non-Transmissible Intimacy: Forwarding Touch

Participants raised concerns about the idea of forwarding or retransmitting haptic experiences, a concept
that challenges the perception of touch as a uniquely situated, non-transferable act. Unlike text or images,
which can be duplicated without altering their meaning, touch in physical contexts is inherently tied to
the bodies, moments, and relationships that produce it. Digitally, however, the possibility of capturing and
sending a haptic pattern to third parties introduces a profound shift in the social contract of touch.
Participants consistently framed haptic messages as inherently personal rather than informational,
expressing strong discomfort with forwarding them. Several drew analogies to non-consensual sharing
of intimate images, arguing that haptic signals, especially those encoding rhythm, pressure, and tempo,
carried aspects of personal likeness or biometric identity (P8, P16). For many, forwarding such messages
felt like appropriating another's bodily presence, rather than simply sharing a message. Echoing Sparrow
and Karas, unauthorized redistribution of such haptic signatures was framed as a violation of embodied

consent, not merely informational privacy [316].
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This discomfort aligns with Nissenbaum's theory of contextual integrity [246], where privacy is
breached when information ows outside its intended relational setting. A gesture meant for a partner or
family member, when forwarded, can lose its intended intimacy and instead be experienced as intrusive
or exploitative. Participants described such context collapse as a distortion of meaning, turning comfort
into violation.

However, participants also identi ed narrow exceptions where sharing digital touch data served critical
protective functions. Documentation of inappropriate or harmful touch for safety reporting represented
the primary legitimate use case for forwarding. As one participant explained, they needed to be able
to show others evidence of inappropriate touches for protection. This exception re ects sophisticated
ethical reasoning that balances individual privacy against collective safety needs, supporting arguments
that con dentiality and safety need not exist in opposition [196, 59]. Memorial preservation of deceased
loved ones' touches constituted another exception, where the emotional value of maintaining connection

transcended circulation concerns.

2.5.2.3 Embodied Data Ethics

Recognizing digital touch as a form of non-transmissible intimacy highlights the need for ethical frame-
works that go beyond conventional data protection models (Figure BdX B. Participants consistently
emphasized that haptic information requires more robust consent mechanisms than text, images, or audio,
because it operates at the intersection of data and embodiment. Unlike traditional biometric data used for
identi cation, haptic patterns such as pressure, rhythm, and duration encode emotional states, relational
dynamics, and individual touch signatures. This duality creates a new category of vulnerability.

Barrow and Haggard's notion of somatic rights (Figure 2Box B frames touch data as an exten-

sion of bodily autonomy, requiring heightened protections [23]. According to participants, the challenge is
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safeguarding digital artifacts and protecting embodied experiences that blur the line between physical sen-
sation and data cation. Consent in this context di ers fundamentally from standard digital permissions.
While users routinely grant access to microphones or cameras, participants viewed touch as engaging the
body more directly and intimately. Several participants proposed speci ¢ design solutions: consent in-
terfaces mapping permissions by body zone (e.g., shoulders vs. hands), relationship type (e.g., friend vs.
stranger), and time context (e.g., work hours vs. personal time). This aligns with Liberati's phenomeno-
logical account of digital touch, which argues that haptic systems integrate into a user's sense of bodily
self and presence [200].

Special protections for vulnerable groups, especially minors, were deemed critical. Participants likened
this to safeguards in medical research, where limited capacity for informed consent demands systemic
protections [27]. In these spaces, children lack cognitive maturity and physical-world cues that might
signal danger or support, such as trusted adults nearby or environmental warning signs. This absence
increases risk and supports the need for systemic rather than situational protections.

Beyond consent, participants raised concerns about platform surveillance and predictive modeling
based on touch data. Participants feared inferences about mental health or relationships, echoing critiques
of surveillance capitalism [220]. The potential for algorithmic shaping of interactions raised questions
about agency [330]. Many called for con dentiality standards akin to medical data, recognizing touch as
both emotionally and physiologically sensitive.

On retention, participants favored relationally sensitive governance over blanket policies. Some em-
phasized the need to retain evidence of harmful touch for reporting. Others valued preserving meaningful
interactions with deceased loved ones, or maintaining a log of positive exchanges for emotional continuity.
These examples demonstrate a preference for relationally sensitive governance rather than platform-wide
blanket policies. We refer to this aglational data governanca model that enables users to control reten-

tion, deletion, and sharing based on relationship type, context, and consent status. This approach re ects
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ethics of care principles [112], prioritizing situated judgment over universal rules. It also echoes Garrett's
concept of felt ethics in design, where ethical practices are guided by embodied experience and emotional

reasoning rather than abstract principles [103].

2.5.3 Governing Digital Touch: Acknowledging Real Impacts and Calls for Accountab-
ility
2.5.3.1 Virtual Touch, Real Impact

Participants raised concerns about the real-world consequences of digital touch, challenging assumptions
that virtual interactions are less serious or less legitimate (Figure BdkX A. Some dismissed digital ex-
periences as fake or inconsequential, while others argued they can cause real harm. This tension re ects
digital dualism [170], revealing how mediated and physical experiences are often wrongly treated as sep-
arate. Reduced accountability and anonymity in digital spaces amplify risks, consistent with the online
disinhibition e ect [325].

With haptics, the body's direct engagement makes unwanted contact harder to dismiss, supporting
calls to treat digital touch as both embodied and consequential. Tang et al. [332] identify dark haptic
patterns, manipulative designs that exploit embodied responses through alarming vibrations or deceptive
tactile feedback as unique vulnerabilities that visual dark patterns cannot achieve. Participants cited in-
stances of unwanted touch, like hair-pulling or punching, enabled by anonymity and the perception of
consequence-free interaction (P7).

Research con rms that unwanted digital touch can trigger physical and emotional reactions similar
to o ine world violations [33, 64]. This is due to embodiment mechanisms, such as the body ownership
illusion, which cause users to experience their virtual bodies as extensions of their physical selves [38,
158]. The Proteus E ect [376] further demonstrates how avatar appearance and characteristics in uence

user behavior, suggesting that the haptic-enabled avatars' design may shape how users perceive touch and
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how they engage in touch-based interactions. These responses are intensi ed by ontological labor [115],
the work of having to justify that mediated harm is real, especially for marginalized users who face both
the violation and the burden of proving its legitimacy.

The integration of haptics into virtual systems ampli es these concerns. Unlike visual or auditory
input, touch interacts directly with the body's sensory systems, making it more di cult to rationalize
or ignore. Participants emphasized that unwanted haptic contact felt more invasive because it bypassed
interpretive distance and engaged users on a visceral level. These insights suggest that digital touch should
not be treated as mere simulation but as a hybrid, simultaneously virtual and embodied phenomenon.
Governance approaches must re ect this complexity, recognizing that mediated touch can produce real

harm and therefore requires protective frameworks that address its full ethical and sensory dimensions.

2.5.3.2 Questions About Future Governance

Participants raised fundamental questions about how haptic systems should be governed, highlighting a
mismatch between existing platform governance and the ethical demands of embodied interaction. Mod-
eration tools built for text and images [109] cannot address the immediacy, relational speci city, and a ec-
tive intensity of digital touch. Similarly, algorithmic curation e ective for textual discourse [110] cannot
interpret the meaning of a haptic signal without context and knowledge of the sender's identity.

Design choices in haptic technologies, such as default pressure thresholds or gesture mappings, embed
cultural norms and assumptions. As Winner notes in his work on the politics of artifacts [362], these
technical decisions have normative consequences. Participants underscored that identical haptic gestures
can convey comfort or violation depending on relational and situational context, making one-size- ts-all

policies insu cient.
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2.5.3.3 Toward Multistakeholder and Context-Sensitive Governance

Participants advocated for governance models grounded in multistakeholder traditions [80, 237], involving
users, civil society, industry, and academia in both design and policymaking. For haptics, users are not
just participants but epistemic stakeholders whose lived experience informs ethical boundaries [125, 63].
Consent mechanisms should move from static, binary permission models to relationally speci ¢, dynamic,
and visibly con rmable architectures. This shift reframes consent as an ongoing, context-aware process
rather than a one-time agreement.

Some participants (P13) voiced skepticism about government-led regulation, while others noted the
limitations of community moderation in contexts where power is uneven or misused. These perspectives

suggest the need for distributed governance structures with multiple checks and balances.

2.5.3.4 Infrastructural Design and Policy Recognition

Participants emphasized that harm does not always stem from bad actors but from technical a ordances
that enable unwanted sensory intrusions. Infrastructure, such as default settings or consent interfaces,
shapes user experience in ways often taken for granted [319]. Yet these design decisions can expose users
to harm while providing little recourse or visibility.

Digital dualism remains a persistent problem. Participants described how digital touch introduces
embodied forms of harassment that may be even harder to document than text-based abuse. Yet legal and
platform policies rarely recognize these harms [58, 94]. As haptics blur the lines between physical and

virtual violations, governance must account for the material consequences of these interactions.

2.5.3.5 Data Sovereignty and Human-Centered Moderation

Participants also questioned how to balance privacy, safety, and ownership of touch data. Digital touch

exists as a transient bodily experience and a persistent data trace. Participants raised concerns about
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con icting rights, for instance, when the sender's privacy interests collide with the receiver's need to
report harm (P4). Others (P8) prioritized safety over privacy, supporting data retention for accountability.
These tensions point toward the need for embodied data sovereignty, where users retain ongoing authority
over how their haptic data is stored, processed, and deleted [246, 350, 384].

Automated moderation systems are ill-equipped to interpret touch. Unlike images or text, the mean-
ing of haptic content cannot be evaluated in isolation. It depends on relational context, which machine
learning systems cannot access [290]. This raises concerns about algorithmic opacity [265], particularly
when users do not know how their data is being interpreted or judged. Participants emphasized the need
for human-centered moderation that combines community review, contextual understanding, and account-
ability. One (P15) proposed combining user reputation systems with human oversight to balance scalability

with judgment.

2.5.3.6 Framework for Embodied Platform Governance

Taken together, these challenges call for embodied platform governance, a framework that addresses touch
as both digital data and lived bodily experience (Figure B@x A. Such governance demands proactive
safeguards, participatory design, and integration of technical, social, and legal perspectives. Drawing on
feminist technology studies, contextual integrity, and multistakeholder models [123, 246, 80], it positions
users as relational beings whose vulnerabilities and rights are shaped by sociotechnical systems. E ective
governance will require adaptive, participatory, and ethically grounded approaches as haptics become part

of everyday digital life.

2.6 Implementing Digital Touch

This section presents exploratory questions and considerations that emerged from 17 university partic-

ipants' imaginative projections about future digital touch technologies they had not experienced. We
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emphasize that these are not design requirements but rather sensitizing concepts [39] for future research
with actual digital touch systems. Participants suggested fundamental contradictions in user needs that
existing digital interaction models cannot address: participants craved authentic connection while fear-
ing realistic touch, desired meaningful consent without traditional social cues, and wanted touch data to

disappear for privacy and persist for safety or memory.

Figure 2.3: Categories of Potential User Controls

Drawing from these insights, we developed a comprehensive control framework that addresses the
unigue challenges of haptic communication. Rather than prescribing universal solutions, this framework
o ers informed starting points for developers, designers, platform operators, and policymakers to create
contextually appropriate systems that honor the promise of meaningful digital connection and the imper-

ative of user safety and agency.

2.6.1 Architecting Agency: Control Framework in Digital Touch

Our analysis identi ed potential user controls as a critical mechanism for navigating the complexities of
digital touch. As illustrated in Figure 2.3, participant needs clustered around three interconnected domains

of control, each addressing speci c tensions revealed in our ndings.
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The rst domain, touch rendering controls, provides users with the comprehensive ability to de ne
how they experience touch sensations across di erent contexts and preferences (FiguBoR.2). These
controls allow users to set touch pro les that customize the physical characteristics of digital touch, includ-
ing intensity levels for di erent body regions, duration limits to prevent prolonged contact, and tempera-
ture settings for thermal feedback. The realism spectrum control enables adjustment from hyper-realistic
sensations to abstract emoji ed representations, addressing participants' varied comfort levels with dif-
ferent types of haptic delity. Users can also distinguish between template-based touches (generic system
patterns) and personalized touch signatures. They can also customize how environmental haptics (tex-
tures, surfaces) di er from interpersonal touch based on their preferences and comfort levels.

The second domain, social controls, allows users to navigate and manage their haptic interactions based
on the social context they nd themselves in at any given moment (Figure B& B. This addresses the
contextual dependency of haptic meaning-making and allows users to adapt their touch preferences in real
time. Users can set di erent interaction rules based on relationship types (for example, family, colleagues,
acquaintances, strangers), create situational pro les for di erent social environments (work meetings,
social gatherings, intimate conversations), and implement immediate interventions when contexts change.
These controls include visual awareness requirements, emergency blocking mechanisms, and the ability
to quickly switch between di erent permission sets as social situations evolve, giving users agency to
respond to the dynamic nature of social interaction.

The third domain, privacy controls, addresses participants' complex needs around touch data man-
agement, including storage, sharing, deletion, and ownership (FigureBh®, B. This domain emerged
from the ephemerality paradox, where participants wanted touch data to disappear and persist depending
on the context and their strong resistance to unauthorized forwarding of personal touch. These controls
enable users to take ownership over their digital touch data lifecycle across multiple dimensions: deter-

mining who can access, reproduce, or share touches they have sent or received; controlling the storage
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duration and deletion of such interactions; and managing how platforms retain their touch data. Criti-
cally, these controls distinguish between experiential data (the felt sensation) and audit records (evidence
for safety reporting), allowing users to delete unwanted memories while maintaining documentation for
protection. Privacy controls also address participants' characterization of touch as personal rather than in-
formational by requiring explicit consent for sharing haptic messages, recognizing that forwarding touch
without permission constitutes a fundamental breach of embodied consent. Table 2.1 details the specic

control mechanisms within these three domains.

Table 2.1: User Controls Considerations

Title De nition

An adjustable scale that allows users to de ne the style of haptic sensations they re-
ceive. Ranges from hyper-realistic, detailed touch (e.g., mimicking texture, pressure,
Realism and speci ¢ touch types accurately) to more emoji ed representations (e.g., a playful
Spectrum buzz for a poke, or a warm glow for a hug). Includes presets for di erent comfort
levels and styles. The realism spectrum could incorporate multi-sensory realism, in-
cluding visual, auditory, and olfactory.

Templated  Touch initiator/sender can generate their touch or use pre-de ned system-templated
Touch touches to send messages instead of generating real-time haptics.

A con guration that allows users to de ne di erent maximum or preferred haptic inten-
sity levels for distinct, mapped body regions. Users can set custom sensitivity thresholds
(e.g., higher tolerance on hands, lower on the torso) that apply universally to incoming
haptics interactions in those zones.

Dedicated controls for the thermal component of digital touch. Allows independent

customization of perceived warmth, coolness, or neutral temperatures for various touch
types or interactions, separate from other tactile elements like vibration or pressure,
mapped for di erent body regions.

Allow the users to add a speci c touch to the list so that similar gestures, touch or
tactile stimulation are blocked from all users. For example, a user can block a hug
interaction, preventing future hug interactions. Regardlesspuch Recordlogs all
interactions. Users can also con gure and convert these incoming gestures to other
modalities, such as audio or visual representations of the gesture.

User-customizable time limits for continuous haptic sensations at speci ¢ body areas or
globally. Italsoincludes settings for automatic fade-out pro les (e.g., rapid, gradual) and

Intensity

Temperature

Unwanted
Gesture List

Duration customizable durations, mapped for di erent body regions, which prevent prolonged,
uninterrupted sensations beyond a desired duration.
1-1 Mode Dedicated haptic connection that restricts all touch sensations to a single individual,

blocking all other digital touch signals from other individuals while active.
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User-managed directory of individuals permanently or temporarily prevented from ini-

LLJizter Block f[iating haptic contact regardless of context or environment. All touch attempts will be
in the Touch Record
User Allow A pre-approved contact list of authorized individuals that can initiate haptic interac-
List tions, mirroring real-world consent.
A con gurable system that allows speci cally designated critical contacts (e.g., fam-
Priority / ily, emergency services) or types of alerts (system warnings, real-world safety alerts) to

Favorite List

bypass any active silent modes, focus modes, or lower-priority haptic settings. These in-
terrupts can also be assigned distinctive, high-intensity, and potentially full-body haptic
alert patterns.

User-created and named collections of pre-con gured haptic settings (e.g., intensity,
allowed regions, lter sensitivity, noti cation styles) optimized for speci ¢ activities

Custom . L .
or social contexts or individual contacts (e.g., Work, Focus, Immersive Game, So-
Pro les . . . oo - . .
cial, Intimate). Allows instant switching between these holistic pro les via voice
command, gesture, or gaze.
Universal panic button that immediately terminates all haptic sensations system-wide
Panic Stop  with a single action, accessible in any state or position, with the option to exit the
experience as well.
Control the ability to appear o ine in the virtual environment and not necessarily
: interact with anyone else; no haptic interactions happen, and one cannot initiate or
Active ) . :
receive the haptics. For example, Focus mode or DND can be an active status that
Status . S . . .
allows suspension of non-essential digital touch with a customizable timeframe and
automatic reactivation.
Bubble Activate a safety bubble distance in which the user cannot have other virtual avatars
Mode come near their avatar and interact with them.
Ignore Socially-aware mode (Appear ONLINE) that appears receptive to haptic interaction
Mode / with the potential to silently convert incoming touch to audio and/or visual-only feed-
Haptic back without notifying senders. With a potential for an on-demand, quick enable option

Suppression

to receive haptics.

Users' ability to turn on and o the latency shield. This automatic dismissal of delayed

;ﬁ:] dcy digital touch signals prevents jarring or unexpected sensations caused by message de-
lays from networks or other sources.
Emergency Instant, in _coptegt_, isa gesture—base(_j meghanisrr_l to blopk unwanted haptic contact. It
adds speci ¢ individuals to the block list, with or without visual feedback to the sender
Block : .
that their touch is blocked.
Allowable
Touch User-customizable areas of the body that can and cannot be touched by any other user.
Locations
Field of The control to limit haptic interactions to individuals or body regions within the user's
Interaction  immediate visual eld, preventing unexpected contact from behind, below, above, or
Limitation from areas not in the user's immediate eld of vision.
Message The sender or receiver can delete previously sent/received haptic interactions on their
Delete respective devices. The deletion does not impactTimeich Record
Message Self-deleting haptic messages from devices and servers with con gurable expiration
Expiration parameters based on time elapsed or number of sensation replays.
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Sender-side ability to recall previously sent haptic interactions, removing replay access

gs:;ﬁge and deleting messages from the receiver device while maintaining them in the sender
device. It also maintain§ouch Recordfor transparency and logging.
Save and .
Replay The touch receiver can save and replay messages based on mutual consent.
Message . . .
g€ Forwarding touch sent by another user with their consent.
Forwarding
Guardian Controls allow guardians to control sending and receiving, including allow-list and In-
Controls tensity, data retention, and all other control parameters of messages sent to and from

minors.

2.6.2 Beyond Individual Control: Governance and Stakeholders

While these user controls provide essential individual agency, participants recognized that personal set-
tings alone cannot ensure comprehensive safety in digital touch systems. Our ndings suggest the need
for multi-layered governance mechanisms that distribute accountability across multiple stakeholders. As
illustrated in Figure 2.4, these mechanisms cluster around two primary domains that address di erent as-
pects of systemic protection and regulatory oversight as categories of Potential Governance Mechanisms.
Governance mechanisms encompass Platform Self-Governance (internal systems platforms implement to
ensure safe haptic experiences) and Legal Frameworks (external regulatory oversight and standards). These
di er fromindividual user controls (Figure 2.3) by operating at systemic rather than personal levels, though
e ective governance requires integration across individual, community, platform, and regulatory domains.
Platform Self-Governance (Figure 2Bhx A shifts responsibility from individual users to platforms
through proactive measures (age restrictions, noti cation previews, wellness guards), reactive measures
(touch recording, reporting mechanisms), and multi-stakeholder approaches (community moderation, ex-
ternal oversight). These mechanisms recognize that baseline safety cannot depend solely on user con g-

uration.
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Legal Framewaorks encompass the regulatory policies and standards needed to address the unique chal-
lenges of digital touch at the societal level (Figure Bax A. This domain addresses participants' concerns
about virtual harms and the lack of legal protections for haptic interactions. Legal frameworks include up-
dated privacy regulations addressing the collection and use of intimate touch data, safety standards for
consumer haptic hardware similar to medical device regulations, and expanded legal de nitions recogniz-
ing digital touch violations as materially consequential. These frameworks must bridge the gap between
physical and digital harm recognition while establishing precise enforcement mechanisms for protecting
users across di erent jurisdictions and platforms.

Table 2.2 details the speci ¢ mechanisms within each domain. These governance approaches repre-
sent responses to participants' insights about the limitations of individual control and the need for sys-
temic protections. Rather than prescriptive mandates, these mechanisms provide frameworks for creating
accountable digital touch systems that adapt to evolving technologies while maintaining user safety and

agency.

Figure 2.4: Categories of Potential Governance Mechanisms
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2.6.3 Future Research Directions: Exploring Implementation Challenges

The following implementation challenges emerged from participants' discussions about future digital
touch systems. Unlike text or visual content with relatively stable meaning, haptic communication's con-

textual dependency creates implementation complexities that existing frameworks do not anticipate.

2.6.3.1 The Work ow Challenge: Integrating Context-Dependent Consent

Figure 2.5 illustrates a critical implementation challenge: operationalizing consent when the same digital
touch signal requires di erent responses depending on relational and situational context. Traditional per-
mission systems assume binary accept/reject decisions, yet participants envisioned consent architectures
that adapt to sender identity, relationship history, and appropriateness of timing.

The receiver's decision point in Figure 2.5 reveals another implementation challenge identi ed in our
research: participants needed the ability to modify rather than accept or reject touch. The work ow
incorporates transformation options where users can convert realistic touch to abstract representations,
reduce intensity, or redirect to di erent body regions. This convertability addresses the realism paradox by
allowing users to receive the communicative intent while maintaining comfort boundaries. The preference
recording stage shows how the system learns from these contextual decisions while respecting privacy

controls around data retention.

2.6.3.2 Navigating Contradictory User Needs

Figure 2.5 shows critical default decisions: environmental haptics can default to high delity while social
touch defaults to abstract representations with opt-in realism. This classi cation challenge requires novel
technical approaches unique to haptic media. Our research suggests environmental haptics can default to

high delity (users welcomed realistic textures and environmental feedback), while mediated social touch
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should default to abstract representations with opt-in realism. However, this classi cation challenge does
not exist in other media types and requires novel technical approaches.

The work ow implements the ephemerality paradox by separating experiential data from audit
records, allowing memory deletion while maintaining accountability trails, which is a distinction no

existing platform architecture currently supports.

2.6.3.3 Measuring Embodied Experience

Existing metrics such as interaction frequency or retention rates fail to capture success factors for haptic
systems. Future work should adapt presence measurement frameworks [364] adapted for haptic contexts.
Participants valued the quality of consent, touch appropriateness, and agency preservation over interaction
volume. The work ow stages in Figure 2.5 suggest speci ¢ measurement points for digital touch system
evaluation.

Contextual Appropriateness Assessment: The relationship evaluation stage provides opportuni-
ties to measure whether digital touch systems successfully distinguish between appropriate and inappro-
priate touch contexts. Our ndings suggest developing metrics that track user modi cation patterns at
the decision point, such as how often users convert realistic to abstract touch, adjust intensity, or redirect
body regions as indicators of contextual mismatch. High modi cation rates may signal that relationship
categorization or situational assessment algorithms require re nement.

Consent Quality Metrics: Evaluation should focus on con dence in consent, supported by identity
veri cation, previews, and contextual cues, rather than frequency of yes/no responses.

Embodied Agency Preservation: The preference recording stage enables measurement of whether
users maintain meaningful agency over their embodied experience over time. This includes assessing
whether vulnerable groups (e.g., women reporting gendered power dynamics) can exercise protective

mechanisms e ectively without social penalty, and whether systems adapt without over-automation.
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2.6.3.4 The Governance Implementation Gap

Governance emerged as a major implementation gap. These challenges span the development of appro-
priate governance policies (what rules should govern haptic interaction) and the technical implementation

of those policies (how systems can enforce contextual consent and cultural appropriateness in real-time).
Existing platform governance models cannot address these challenges because they assume content-based
violations that can be agged and removed, rather than embodied experiences that create immediate harm
through contextual inappropriateness.

Human-in-the-Loop Moderation:  Unlike text or images that can be algorithmically agged, hap-
tic violations require human interpretation of relational context. The work ow's relationship evaluation
stage highlights this challenge: moderators must rapidly assess relationship dynamics, consent histories,
and cultural appropriateness capabilities that current content moderation systems lack. Implementation
requires developing moderation work ows that can access contextual information from the user work ow
while preserving privacy.

Multi-Stakeholder Coordination:  The governance mechanisms in Table 2.2 must connect user
work ows with community moderation, platform oversight, and potential legal frameworks. Haptic ha-
rassment may simultaneously breach community norms, platform rules, and criminal law, which requires
integrated response protocols that span the entire work ow from initial contact through preference record-
ing.

Cross-Platform Accountability:  Because haptic experiences involve physical sensations across mul-
tiple systems, accountability must extend across platforms and device manufacturers, unlike most other

media.
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2.6.3.5 Unresolved Technical Challenges

Our research identi ed implementation challenges that cannot be solved through better design but require
fundamental technological innovations. The work ow in Figure 2.5 assumes technical capabilities that do
not currently exist.

Real-Time Context Assessment: The relationship evaluation stage requires systems that can assess
relationship dynamics, situational appropriateness, and cultural norms in real-time. Current recommenda-
tion algorithms provide insu cient models for these assessments, particularly the cultural and emotional
nuances participants identi ed as critical for appropriate haptic interaction.

Biometric Privacy Protection: Storing embodied identity data demands stronger safeguards than
conventional biometrics, requiring developing privacy-preserving methods for haptic personalization that
maintain the contextual learning shown in the work ow without compromising user agency or creating
surveillance risks.

Cross-Cultural Adaptation: Touch norms vary dramatically across cultures in ways that simple
localization cannot address, requiring systems that can adapt fundamental interaction paradigms rather
than just interface elements.

These challenges underscore that digital touch systems demand new governance structures, design ap-
proaches, and evaluative metrics. The work ow in Figure 2.5 o ers a framework to surface these tensions,
but resolving them requires both technological innovations and institutional commitments that do not yet
exist. The aim is not to eliminate these tensions, but to design systems capable of navigating them while

preserving user agency and safety.
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Table 2.2: Governance Considerations

Title

De nition

Immersive
Settings Hub

A complete haptic con guration panel is accessible without leaving the immersive environment,
featuring gesture-based adjustments and voice command support.

Youth

Age-appropriate haptic limitations automatically restrict touch interactions for underage users

Safeguards  (i.e., speci c, non-intimate body regions) regardless of settings.
A security feature providing unigue haptic patterns and/or accompanying visual/audio cues de-
Identity Cues signed to authenticate the identity of touch senders to the receiver. These cues help prevent haptic
Spoo ng or impersonation by giving the recipient a recognizable signature for trusted sources.
A two-phase haptic noti cation system for both real-time and non-real-time sensations for ev-
Touch eryone, espegially fqr unknown users. Phase. one delivgrs a sqbtle, low-intensity prg—alert haptic,
o visual, or audio, indicating an incoming haptic interaction. This pre-alert may require user ac-
Noti cation L
knowledgment or consent (e.g., a gesture or button press) before phase two, delivering the full,
intended haptic content.
Touch Docgmenfced _standards gompan.ies use for touch interactions within their platforms mirror com-
Speci ¢ rr_1un|ty gu_|del|nes on ;omal med|a _platforms. For example, the codes_ of conduct can include poli-
Codes of cies speci ¢ to touch_ mtergctlops (|..e.,. personal space, publlc VS. private sp.a_ces). They can also
Conduct integrate touch considerations in existing harm verticals (i.e., what types of digital touch are con-

sidered sexual harassment).

Touch Record

Chronological, auditable, reviewable, and searchable record of all haptic interactions with visual-
ization of body regions, intensity levels, duration, and sender information.

Haptic A health-focused monitoring system prevents excessive vibration, pressure, and other haptic ex-
Wellness posure and provides automatic cooldown periods to protect sensory well-being; this includes long
Guard exposures, excessive usage monitoring, and sensory overload.
Safety Ability to report touch interactions to guardians, authorities, platforms, and moderators regardless
Reporting of the initiators' consent.
Real-Time . - . . - . . . .
. Real-time reporting is available to users with minimal e ort, without having to leave an immersive
Reporting .
. experience.
Options
Community ~ Community moderators and admins should have more autonomy to control online experiences,
Moderation as they are more familiar with their respective space's norms and context of interactions.
Systematic, context-sensitive evaluations of companies and organizations through external over-
. sight bodies (for example, users, civil society, and regulators) of how platform design in uences
Community o= - . . . .
Oversight intimacy, vulnerability, and user control. This oversight would complement existing moderation
tools by focusing on the embedded assumptions within the technical systems and the internal
decision-making of companies.
Enforcement Precise enforcement mechanisms for forms of touch that violate Tioeich-specific Codes
ofthe Code  of Conduct and establish appropriate escalation methods, including internal and external legal
of Conduct channels.
3—/?5;20” Update laws should include digital touch interactions and clarify de nitions and rami cations of
violating instances of touch behavior.
Laws
Phvsical Consumer-level haptic hardware systems should have robust regulations similar to health tech-
Y nologies, such as maximum Intensity of vibrations. Working groups of standards organizations
Safety : : . L o .
like ISO and/or including health and safety speci cations from organizations like the FDA could
Standards .
help codify these standards.
TO.UCh Data Regulations on collecting, using, transmitting, and storing personal touch information that com-
Privacy .
. panies collect.
Regulations
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Figure 2.5: Potential Implementation of User Work ow with Speci ¢ User Controls. These incorporates a
subset of the User Controls (Figure 2.3) and Governance Mechanisms (Figure 2.4).

2.7 Limitations

Our study's most fundamental limitation is the mismatch between our probe (wrist-based vibrations) and
our topic of investigation (full-body mediated social touch in immersive environments). This mismatch
was deliberate, given the limitations of commercially available full-body digital touch systems. We used
a familiar technology as a conversation starter rather than attempting to simulate experiences we could
not authentically create. However, this choice means our ndings represent participants’ imaginative pro-
jections rather than empirical responses to actual haptic communication. While this exploratory research
provides initial insights into haptic communication boundaries, several limitations constrain the validity

and generalizability of our ndings.
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2.7.1 Methodological and Temporal Constraints

The single-session format captured immediate reactions, but cannot con rm preference stability across
repeated exposure or changing life contexts. This temporal limitation undermines conclusions about
adaptation patterns, boundary exibility, and preference evolution across emotional states or relationship
developments. Social uncertainty in digital environments is highly dynamic [85], yet we captured only
hypothetical re ections about contextual variations. We mitigated immediate concerns by administering
BMIS before and after sessions and using standardized protocols, though our realism paradox ndings
and consent mechanism durability lack long-term validation.

The focus on unexpected haptic contact excludes consensual communication dynamics, potentially
overestimating resistance to digital touch technologies. The probe approach favored subjective interpreta-
tion over behavioral observation, creating a gap between stated preferences and actual responses. Future
mixed-methods designs should combine controlled experiments with ethnographic observation to capture
both conscious preferences and unconscious behavioral patterns. Beyond these temporal and methodolog-

ical limitations, our sample composition raises additional validity concerns.

2.7.2 Cultural and Population Validity

Recruitment from a single cultural context at a West Coast US university signi cantly constrains external
validity. Cultural di erences in touch behaviors are well-documented [8], as are variations in interper-
sonal distance and touch acceptance [287]. Therefore, our consent and privacy ndings cannot transfer to
collectivist cultures with di erent authority norms. We recruited participants with diverse linguistic back-
grounds and probed cultural in uences. However, systematic cross-cultural validation remains necessary.
While we collected data on participants' interpersonal touch preferences, we do not yet have enough data
to evaluate how these individual variations correlate with our ndings, representing an unexplored di-

mension of our results.
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Demographic constraints further limit population validity. Age restriction to participants aged 19-35
excludes older adults with di erent technology adoption patterns and minors' developmental factors. Uni-
versity recruitment oversampled digitally literate individuals, a ecting privacy control conceptualization.

Limited neurodivergent representation critically constrains validity, as 15-20% of populations identify
as neurodivergent and demonstrate di erent tactile sensitivities [46] and sensory processing approaches
[30]. Our intensity, duration, and location preferences thus lack generalizability to signi cant population
segments.

Our analysis lacked systematic intersectional examination using frameworks like community-based
participatory research [154], limiting equity implications for marginalized populations. Additionally,
our peer-focused sample cannot inform contexts where authority relationships (supervisors, healthcare

providers, educators) fundamentally alter boundary negotiation [131].

2.7.3 Technical Platform Constraints

The Apple WatcHs wrist vibration di ers fundamentally from pressure-based suits, targeted body ac-
tuators, or thermal systems, undermining the realism paradox reliability. Furthermore, asynchronous
message-type touch cannot capture the heightened vulnerability and consent complexities of synchronous,
live digital touch interactions where real-time embodied presence fundamentally alters boundary nego-
tiation dynamics. Participants evaluated conceptual rather than experiential sensations despite exposure
to multiple feedback types. The single-device approach prevented cross-platform examination, limiting
privacy and consent ndings for multi-device environments. Research shows gaps between predicted
and actual sensory responses [361], challenging the validity of realism and location preferences. These
constraints particularly impact our recommendations for body-speci ¢ haptic controls and cross-platform

identity management.
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2.7.4 Privacy and Implementation Scope

Our theoretical consent mechanisms lack empirical validation, and the documented preference-behavior
gap in privacy decisions [3] questions their e ectiveness. Privacy-preserving architectures require tech-
nical feasibility assessment and collaboration with privacy engineers and legal scholars.

Our individual boundary focus may underestimate community dynamics and peer in uence in so-
cial VR environments. These limitations demonstrate the need for substantial multi-domain validation to

develop e ective, equitable digital touch systems.

2.8 Future Research Directions

Our exploratory investigation surfaces critical questions requiring empirical validation with actual digital
touch systems. Researchers must investigate whether the realism paradox persists when users experi-
ence full-body digital touch systems or if our ndings merely re ect probe limitations. The preference for
emoji ed touch over realistic sensations may shift with advanced technologies. However, we hypothe-
size that abstraction will remain important for mediated social touch even as environmental digital touch
systems trend toward higher delity. Understanding what constitutes contextual appropriateness across
di erent relationships, cultures, and situations remains essential, as does developing consent mechanisms
that operate dynamically without disrupting immersion.

These questions demand diverse methodological approaches. Longitudinal studies tracking adaptation
patterns over 3-6 months will reveal whether initial discomfort evolves into acceptance or if boundaries
remain stable. Cross-cultural research must examine how touch norms vary across collectivist versus in-
dividualist societies, while participatory design with neurodivergent communities, who experience touch
di erently, will ensure accessibility. As VR expands into healthcare and eldercare, intergenerational stud-

ies become crucial for understanding how age-related sensory changes a ect digital touch preferences.
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Mixed methods combining behavioral observation, physiological monitoring, and subjective reporting will
address the gap between stated preferences and actual responses.

Technical and governance challenges require equal attention. Platforms must develop architectures
that separate experiential touch data from safety audit logs, enabling users to delete unwanted sensations
while preserving evidence of harassment. The translation of physical assault frameworks to virtual viola-
tions remains legally ambiguous, while real-time harassment detection must balance safety with privacy.
Community-based moderation shows promise for governing context-dependent norms but requires vali-
dation across diverse virtual environments. Most critically, these advances must serve human ourishing
rather than reproducing digital inequalities, a goal requiring sustained collaboration among technologists,
researchers, policymakers, and a ected communities.

We emphasize that this work represents an initial exploration rather than de nitive ndings. The
perspectives of 17 university participants using a smartwatch cannot establish universal principles for
digital touch design. Instead, we o er these re ections as sensitizing concepts that may inform future

research with diverse populations and more advanced digital touch technologies.

2.9 Conclusion

This exploratory study examined the perceptions of a small group of university participants on the future
of digital touch communication. We explored this through a technology probe study that used the Digital
Touch feature of théd\pple Watch While the probe's wrist-based vibrations and participant demographics
necessarily limit scope, the study surfaced critical tensions that must be addressed for digital touch to be
responsibly integrated into everyday life.

Our analysis underscores that digital touch is not reducible to information transfer but operates
through embodied, multimodal cognition. Participants' experience of feeling the kiss visualization with-

out haptic input illustrates how touch meaning arises across sensory channels rather than through isolated
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modalities. Their preference for emoji ed abstraction over hyper-realistic touch highlights a realism
paradox: delity can undermine rather than enhance comfort in intimate digital encounters.

These insights suggest that design must move beyond binary permission models to context-sensitive,
relationally aware controls. Privacy architectures must account for touch data as both meaningful and vul-
nerable, balancing preservation for connection with deletion for protection. Conservative defaults restrict-
ing intimate forms of touch, combined with opt-in pathways, may provide safer and more user-centered
entry points. At the governance level, participants' concerns expose regulatory blind spots. Existing legal
and platform frameworks focus on content moderation, leaving embodied violations unaddressed. Future
governance must recognize touch data as a special category requiring heightened protections and develop
policies capable of navigating contextual variation in touch norms that extend beyond content moderation
paradigms.

The Social Fabric ndings establish crucial foundational knowledge revealing ve interconnected ar-
eas requiring systematic investigation: contextual factors determining touch acceptability, existing social
norms shaping haptic interpretation, the realism paradox where users simultaneously desire and reject
authentic sensations, embodied privacy concerns extending beyond traditional data security, and gover-
nance challenges spanning individual agency and institutional responsibility. Most signi cantly, partic-
ipants' nuanced conceptualizations proved that responsible haptic innovation requires moving beyond
simple technical demonstrations to engage with the full complexity of human touch communication.

However, these user insights revealed what people want from digital touch and signi cant gaps in
our ability to investigate these desires systematically. The complexity participants expressed, including
embodied privacy concerns and contextual appropriateness requirements, demanded research approaches
that existing laboratory constraints could not accommodate. Their nuanced conceptualizations of touch
acceptability, comfort boundaries, and governance needs exposed the limitations of single-actuator studies

and xed experimental setups.

92



Several limitations constrain our ndings' generalizability: single-session methodology cannot con-
rm preference stability; the probe approach may overestimate resistance to consensual interactions; and
our geographically limited sample restricts cross-cultural validity. Future research must employ longitudi-
nal designs, cross-cultural comparisons, and inclusive engagement with neurodivergent populations who
experience touch di erently. As digital touch technologies advance toward mainstream adoption, we ad-
vocate for collaborative e orts among technologists, researchers, policymakers, and a ected communities
to develop systems that respect the profoundly personal nature of touch.

This exploratory investigation represents an initial mapping of a critical design space, foregrounding
embodied, relational, and cultural dimensions to guide responsible design and governance of digital touch
systems. Rather than providing de nitive answers, the ndings illuminate the need for sophisticated re-
search infrastructure to explore haptic communication responsibly. The following knowledge-building
journey emerges from these foundational insights, representing steps toward expressive digital touch that
respects human agency while enabling meaningful connection through collaborative research that others

can extend and re ne.
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Chapter 3

HapticHarness: Design and Evaluation of a Cost-E ective Toolkit for

Modular Wearable Devices

The technology probe interviews from Chapter 2 revealed a fundamental tension: participants wanted
meaningful haptic connection across diverse body locations, yet existing research tools constrain investi-
gation to xed con gurations and single actuators. When participants described their comfort with touch

on di erent parts of their bodies, or explained how embodied privacy felt di erent from data privacy,
they highlighted research questions that current haptic platforms cannot systematically address. The eld
lacks accessible tools to investigate how spatial placement, body coverage, and actuator patterns shape the
social-emotional experience of digital touch.

This gap became increasingly apparent as we analyzed the complexity participants expressed. Under-
standing embodied privacy requires studying touch across multiple body locations. Investigating cultural
di erences in haptic comfort demands recon gurable hardware that can adapt to diverse preferences. Map-
ping the perceptual-cognitive boundaries users described needs systematic protocols that current xed-
con guration tools cannot support. HapticHarness emerged from this recognition as a step toward ex-
pressive digital touch that respects human agency while enabling meaningful connection. It is not a pre-
determined solution but a research infrastructure designed to make these investigations possible through

modular and accessible tools that democratize haptic research.
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3.1 Introduction

Wearable haptic devices enhance user experiences in various applications, including virtual and augmented
reality [320], motor skill rehabilitation [107], assistive technologies for sensory impairments [385], and
human-computer interaction [216]. Researchers often use vibrotactile stimulation because of its relatively
easy implementation and ability to convey various tactile sensations [79]. Researchers have investigated
various form factors for wearable haptic systems, including garments, gloves, and wrist straps (see Ta-
ble 3.1), each with unique advantages and challenges concerning wearability, actuator density, and sensa-
tion types [143]. Recently, the focus has shifted to modular and recon gurable haptic systems like SleevelO
[306] and CoTacs [234], which provide exible haptic feedback for speci c applications and user needs
through interchangeable actuators and adaptable garment designs.

Despite these advancements, the development of wearable haptic devices requires specialized hardware
to attach actuators to the body. Constructing robust, customizable haptic harnesses is challenging [68] as
they must securely position actuators while maintaining comfort and accommodating varying body sizes
and shapes [258]. This work introduces a toolkit for rapid prototyping and fabrication of modular haptic
harnesses, developed through iterative re nement based on user feedback. The toolkit combines o -the-
shelf components3D -printed parts, and magnetic connectors to create adaptable, body-conforming haptic

systems.

3.2 Background

Wearable haptic devices have emerged as a promising technology for improving user immersion and in-
teraction in various applications. Each application has unigue needs for the wearable device design and

actuation modality.
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3.2.1 Form Factors and Actuation Mechanisms

The diverse range of form factors explored in wearable haptics research, from garments and gloves to
straps, belts, and even direct skin interfaces, highlights the breadth of approaches to integrating tactile
feedback into wearable systems. As summarized in Table 3.1, each form factor o ers distinct trade-o s
in terms of body coverage, actuator density, and suitability for speci ¢ applications. While vibrotactile
actuators remain the most common choice because of their simplicity and reliability, alternative actua-
tion strategies such as pneumatic methods [351] and electrostatic stimulation [238] highlight promising
advantages in power e ciency and the richness of sensations they can deliver. Collectively, the works ref-
erenced in Table 3.1 capture the diversity of current research directions, showcasing the creative designs

and technologies advancing more immersive and compelling haptic experiences.

Table 3.1: Wearable haptic research devices and their form factors

Form Factor

Reference(s)

Garment Huang et al. [143], Maranan et al. [216], Lindeman et al. [203], Furukawa et al. [99], Ser-
izawa et al. [301], Tajadura-Jiménez et al. [329], Jung et al. [169]

Full-Body Suit Konishi et al. [181]

Exoskeleton Steed et al. [320], Calvo [45]

Glove Li et al. [198], Sung et al. [326], Cui et al. [66], Liu et al. [206], Angkanapiwat et al. [13]

Torso-Mounted

Fadaeijouybari et al. [168], Wang et al. [352], Somogyi et al. [313]

Footwear/ round

Muijibiya [238, 239], Visell and Cooperstock [342, 343]

Wrist/Arm

Stanley and Kuchenbecker [318], De Vlam et al. [344], Fino et al. [88, 89], Lu et al. [210],
Dementyev et al. [79], Lima and Hammond [201], Seiler et al. [135], Williams and Oka-
mura [360], Ilhan and Bouzouidja [147], Arbaud et al. [15], Wang et al. [351]

Head-Mounted

Goebel et al. [113]

Direct Skin

Dong [83], Hoang et al. [140], Son et al. [314], Xia et al. [370]

Finger

Manabe et al. [214], Hong [142], Kumazawa [187], Pacchierotti et al.[258], Chinello et
al. [55]

Modular Systems

Shtarbanov et al. [306], Park et al. [263], Messerschmidt et al. [234], Cruz et al. [65],
Vikberg et al. [341], Zhou et al. [381], Wittchen et al. [366]
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3.2.2 Challenges in Harness Design and Existing Solutions

A persistent challenge in wearable haptic technology lies in designing and fabricating e ective harnesses
for attaching actuators to the body [68, 204], directly impacting haptic feedback quality and reliability. Con-
structing robust and customizable haptic harnesses requires careful consideration of ergonomics, comfort,
and secure actuator placement [258, 195]. Harnesses must maintain a balance between mechanical stability
and user mobility, preventing unintended displacement of actuators during movement while accommodat-
ing variations in body size and shape. Existing solutions, such as custom garments and exoskeleton-like
structures, often prove labor-intensive to prototype and adapt for di erent studies or user populations [57,
383, 165].

Some researchers have explored modular and recon gurable haptic systems to address the need for
rapid and exible harness prototyping. Drawing inspiration from collaborative frameworks like Collab-
Jam [366] and modular platforms such as FlowlO [306], these systems aim to reduce the complexity of
harness construction by integrating o -the-shelf parts, 3D-printed components, and magnetic clasps. This
approach allows quick modi cation and rebuilding of harness structures to suit diverse experimental con-
ditions [195, 359]. There is an emphasis on enabling reproducible designs that can accommodate body size

and motion variations while simplifying fabrication steps and maintenance routines.

3.2.3 Modular and Recon gurable Systems

Recognizing the need for versatility and customization, researchers have recently focused on developing
modular and recon gurable haptic systems, which allow users and developers to tailor haptic feedback to
speci ¢ applications and individual needs. For example, SleevelO's modular design supports various types
of haptic feedback, including pneumatic pressure, in ation/de ation patterns, and multi-channel tactile
sensations through its FlowlO platform [306]. Similarly, CoTacs [234] provides a collaborative toolkit

for creating on-body haptic feedback, emphasizing rapid ideation and prototyping. This modularity and
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recon gurability enable rapid prototyping and deployment of haptic devices in various applications, from

gaming and entertainment to training and rehabilitation.

3.2.4 Research Trends and Future Directions

The eld of wearable haptics is rapidly evolving. Current research focuses on developing novel form fac-
tors, re ning actuation mechanisms, and exploring new applications. The emergence of modular and re-
con gurable systems, such as Haptic Enchanters [263], SleevelO [306], and CoTacs [234], indicates a move
toward increased exibility and customization in haptic design. Researchers are also exploring sustainable
materials, as demonstrated by Arbaud et al.'s work on biodegradable components for haptics [15].

Despite advances, challenges persist in achieving high spatial resolution, minimizing power consump-
tion, and ensuring user comfort during prolonged use. Further research is required to explore long-term
impacts of wearable haptics on user perception, performance, and well-being, as initiated by the study
in [241] on body perception. Integrating haptic feedback with other sensory modalities, such as vision
and audio, is key to creating more immersive experiences. Future work should also explore various haptic
modalities, as highlighted by Jung et al. [169] with HapMotion. Additionally, the development of col-
laborative tools for haptic design, as proposed by Wittchen et al. [366], can further advance the eld.
By providing a standardized framework, researchers can accelerate their iterative processes and produce
wearable haptic systems that maintain reliability over repeated trials [258, 68].

While existing modular systems like SleevelO [306] and CoTacs [234] advance haptic prototyping,
they require either specialized hardware (FlowlO pump system) or focus primarily on ideation rather than
fabrication. Zook et al's Snaptics [383] provides low-cost hardware but lacks body-conforming harness
design. Our work addresses the speci ¢ gap of providing an end-to-end toolkit that is designed to support
designing, fabricating, and deploying customizable haptic harnesses using readily available materials and

standard fabrication tools.
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Table 3.2: Comparison of Modular Haptic Systems

System Setup Time | Cost | Recong. | Custom Fab.
SleevelO[306] 5-10 min | $200+% Yes No
CoTacs[234] Not reported| $50** Yes No
Snaptics[383] <5 min $31***| Limited Yes
VibraForge[143] Not reported| N/A No Yes
Elastic straps 2-5min $5-10| Limited No
Our Toolkit <1min/tile | $15-20  Yes Yes

*Includes FlowlO platform cost.
*Estimated from components.
**Per-module cost.

Note: Times are after initial fabrication.

Table 3.3: Design Goals and Implementation Process

Goal Process

Modularity Interchangeable components, recon gurable layouts
Customization Adaptable to body sizes, adjustable t

Cost-E ectiveness Low-cost materials, o -the-shelf parts

Easy Don/Do Simple fasteners, intuitive assembly

Sanitization Cleanable materials, easy disinfection

Robustness Durable materials, secure attachments

3.3 Harness Design and Manufacturing

The modular harness system employs a tile-based architecture where individual harness tiles connect to
form customizable con gurations. Each harness tile has a layered assembly with Tyvek sheet, EVA foam
backing, and a magnetic attachment ring, which houses a single vibrotactile actuator. These harness tiles
attach to elastic straps or velcro bands via magnetic clips, allowing rapid repositioning along the strap
length without disassembly. Researchers can arrange multiple harness tiles on a single strap for linear
arrays or distribute them across multiple straps for two-dimensional coverage. The elastic straps wrap
around body segments (arms, torso, legs) with adjustable buckles accommodating di erent body sizes.
This architecture enables researchers to create application-speci ¢ harnesses from simple two-actuator
navigation aids to complex multi-actuator arrays for full-body feedback using the same modular compo-

nents.
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3.3.1 Design Principles

The development of our toolkit is guided by key principles derived from the needs of wearable haptic
research and development. These principles are summarized in Table 3.3 and inform our design choices.
We draw inspiration from collaborative frameworks, such as CollabJam [366], and modular platforms, such
as FlowlO [306], to inform our approach.

Modularity (Table 3.1) is a primary goal, allowing researchers to recon gure the harness for diverse ex-
perimental needs, actuator layouts, and body sizes and shapes. Central to this modularity are the actuator
tiles; these are modular units that combine Tyvek substrates with magnetic attachment points, enabling
tool-free recon guration of actuator positions. These tiles can be rapidly repositioned, replaced, or aug-
mented during experiments, allowing researchers to iterate on spatial con gurations without fabricating
entirely new harnesses. We aim for cost-e ectiveness at the system level, though this depends on available
resources. While laser cutters represent signi cant capital investment, they are increasingly available in
makerspaces and universities. For researchers with such access, the per-harness material cost of approx-
imately $15-20 (Tyvek $2, EVA foam $1, magnets $2, PLA $3, Actuator $8, and miscellaneous supplies)
may compare favorably to alternatives. Custom-sewn research garments typically cost more, while the
SleevelO platform requires over $200 including the FlowlO system [306]. However, for researchers without
fabrication access, traditional elastic straps ($5-10) remain more accessible despite limited customization.

We prioritize designs that facilitate ease of donning and do ng, minimizing experimental setup time
and participant burden. The materials selected are easily cleaned and disinfected between uses, main-
taining hygiene standards for multi-user studies. The toolkit is designed for robustness and durability to
withstand repeated use and recon guration across multiple studies. By adhering to these principles, our
toolkit supports the iterative design process for haptic research while aiming for the comfort and safety

of participants.
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3.3.2 Components of the Harness

The modular harness system (Figure 3.1) centers on harness tile assemblies combining Tyvek sheets, EVA
foam backing, and magnetic attachment rings. Actuator mounts magnetically attach to harness tiles, while
clips enable strap integration. An optional alignment base facilitates batch production with consistent
magnet polarity orientation. The parametric design software generates all components with customiz-
able dimensions for magnets, tile size, and actuator spacing, outputting fabrication-ready les (.stl for 3D
printing, .dxf and .svg for cutting). Users typically adjust few of 29 available parameters for their speci c
applications.

To clarify the terminology used throughout this section: karness tile refers to the basic modular
unit consisting of a Tyvek sheet, EVA foam liner, and magnetic attachment ring assembled. Individual
components include the parts used to construct the system: the Tyvek sheets, foam liners, magnet rings,
magnetic clips, actuator mounts, and elastic straps. Tbeplete harness assembly denotes the fully
assembled wearable system comprising one or more harness tiles connected to elastic straps via magnetic
clips, ready for deployment on the body. This hierarchical structure, from individual components to har-
ness tiles to the complete assembly, enables the modularity and recon gurability that characterize our
toolkit.

The assembly process transforms individual components into a functional wearable system through
three stages. First, the Tyvek sheet, foam liner, and magnet ring are layered and bonded to create a harness
tile, which is the basic modular unit. Second, actuators mount magnetically to these harness tiles, while
magnetic clips attach to the edges. Finally, multiple harness tiles connect to elastic straps via the magnetic
clips, forming the complete harness assembly that can be con gured for di erent body segments (arms,

torso, or legs). Figure 3.2 shows an example of a fully assembled modular haptic harness system.
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Figure 3.1: Exploded view of individual components of the modular haptic harness, with labeled compo-
nents. Top Left shows an assembled view of the harness system

3.3.3 Materials

For the construction of the harness tiles, we primarily use three materials: polylactic acid (PLA) or acryloni-
trile butadiene styrene (ABS) f@D -printed components, Tyvek, and EVA foam for padding and comfort.
Additionally, the EVA foam provides a grounding for the actuators to localize stimulus to that particular
spot on the body.

The toolkit uses Tyvek 4173D ( 75 gsm), a nonwoven high-density polyethylene fabric, as the primary
harness tile material for its combination of durability (210N tensile strength, 5.5N tear resistance), water
repellency, and breathability [372]. The material elongates 16-30%, limiting applications requiring high
exibility but maintaining structural integrity under typical loads (tested to 1kg. This tensile strength
is critical for wearability as it ensures the harness withstands repeated donning/do ng cycles, resists
tearing during body movements, and maintains stable actuator positioning without material deformation

that could compromise haptic feedback localization.. The material can be laser-cut or blade-cut with clean

102



Figure 3.2: Fully Assembled modular haptic harness system demonstrating component integration for a
dual actuator setup attached with elastic straps. (i) A harness tile, (i) A harness tile with magnetically
attached actuator mount, (iii) actuator mount (reverse), with (iv) actuator, (v) magnet clip, (vi) strap clips,
(vii) bottom clip and (viii) extra magnet clip (reverse). The system shows how harness tiles attach to elastic
straps to create wearable con gurations for di erent body segments.

edges. The EVA foam backing (Shore A 35) provides cushioning and vibration isolation. We use N52
neodymium magnets for attachment, providing approximately 2-4N attractive force which is su cient for
secure actuator mounting while enabling rapid recon guration.

Using3D -printed components allows for quick and accessible prototyping while also providing a san-
itary and cleanable system. Moreover, combiniB@-printed components with magnetic inserts provides
an intuitive assembly that allows rapid donning and do ng of the harness and the ability to keep elec-
tronic and wired components separate from the harness. Alternatively, laser-cutting components, hamely
the magnet ring, from hardboard material or acrylic can reduce the manufacturing time. We also recom-
mend NeodymiumN 52 magnets with diameters betweeh 3mm and a thickness ol  3mm for ideal

attraction forces between the clips, actuator mount, and magnet ring.

3.3.4 Harness Tile Design Software

The parametric design software (Figure 3.3) is designed to support reduced prototyping time compared
to classical CAD work ow without the expertise. Users adjust key parameters through an intuitive GUI

(Figure 3.4) to modify tile dimensions, actuator spacing, and attachment points. The software automatically
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