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Abstract
Camera glasses create fundamental privacy tensions between wear-
ers seeking recording functionality and bystanders concerned about
unauthorized surveillance.We present a systematicmulti-stakeholder
evaluation of privacy mechanisms through surveys (N=525) and
paired interviews (N=20) in China. Study 1 quantifies expectation-
willingness gaps: bystanders consistently demand stronger infor-
mation transparency and protective measures than wearers will
provide, with disparities intensifying in sensitive contexts where
65–90% of bystanders would take defensive action. Study 2 eval-
uates twelve privacy-enhancing technologies, revealing four fun-
damental trade-offs that undermine current approaches: visibility
versus disruption, empowerment versus burden, protection ver-
sus agency, and accountability versus exposure. These gaps reflect
structural incompatibilities rather than inadequate goodwill, with
context emerging as the primary determinant of privacy accept-
ability. We propose context-adaptive pathways that dynamically
adjust protection strategies: minimal-friction visibility in public
spaces, structured negotiation in semi-public environments, and
automatic protection in sensitive contexts. Our findings contribute
a diagnostic framework for evaluating privacy mechanisms and
implications for context-aware design in ubiquitous sensing.

CCS Concepts
• Security and privacy → Usability in security and privacy; •
Human-centered computing→ Empirical studies in ubiqui-
tous and mobile computing.
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1 Introduction
Wearable camera glasses have rapidly transitioned from experimen-
tal prototypes to mainstream consumer products. Ray-Ban Meta
Smart Glasses have surpassed 2 million units in global sales [126],
while technology companies including Xiaomi, Rayneo, and Rokid
have launched competing products (Figure 1). These devices of-
fer compelling functionalities including voice assistants, real-time
translation, and AR navigation, while embedding high-resolution
cameras within fashionable eyewear designs [17].

This integration creates fundamental privacy tensions absent
in traditional photography. Unlike smartphones that require con-
spicuous gestures, camera glasses enable covert recording through
voice commands or subtle touches [127]. Current notification mech-
anisms prove inadequate: Ray-Ban Stories features only a small
white LED that becomes imperceptible in bright environments and
meaningless to unfamiliar observers [16, 70, 99]. Consequently,
bystanders face unprecedented surveillance risks, including unau-
thorized facial recognition and AI-based inference [63, 88, 89].

Researchers have proposed various Privacy-Enhancing Tech-
nologies (PETs) to address these challenges [28, 90, 94]. Wearer-
side interventions include automatic bystander detection and blur-
ring [24, 27] and enhanced recording indicators [20, 58]. Bystander-
controlled mechanisms enable recording refusal through wear-
able markers or gestures [55, 96, 113], but impose significant us-
ability burdens in dynamic settings [137]. Prior work has docu-
mented that wearers and bystanders hold different privacy expecta-
tions [16, 29, 90], and that multi-stakeholder conflicts arise across
sensing technologies from smart homes to AR devices [3, 23, 121].

However, a critical gap persists: while existing work establishes
that stakeholder conflicts exist, we lack systematic measurement of
how much expectations diverge across specific privacy dimensions,
which mechanisms might bridge these differences versus which
face irreconcilable conflicts, and how context moderates these gaps.
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Figure 1: Representative camera-equipped smart glasses launched by major technology companies over the past decade. Their
built-in cameras are often seamlessly disguised within everyday eyewear form factors, and LED indicators signaling recording
status are typically small, making recording less perceptible to bystanders.

Without such quanti�cation, designers cannot prioritize interven-
tions or anticipate where technical solutions will fail.

To address this gap, we conducted a two-study investigation
examining privacy perceptions from both stakeholder perspectives
(Figure 2). We situate our study in China, a rapidly growing smart
glasses market [135,136]. While privacy norms vary across cultures,
our �ndings reveal fundamental tensions likely relevant to other
contexts [1, 16, 103]. Study 1 employs a large-scale survey (N=525)
to quantify privacy expectations across six contextual scenarios
varying by physical setting and social relationship. We measured
wearers' willingness to provide information transparency and pro-
tective measures against bystanders' expectations for these same
dimensions. The results reveal persistent expectation-willingness
gaps: bystanders demand signi�cantly stronger data sharing con-
trol (? Ÿ ”01) and prior consent (? Ÿ ”01) than wearers will provide,
with disparities intensifying in sensitive contexts where 65�90% of
bystanders would take defensive action.

Study 2 evaluates twelve representative PETs through paired
interviews (N=20) combining HCI researchers' theoretical exper-
tise with experienced users' practical insights. Systematic rating
across e�ectiveness, usability, transparency, and social acceptability
revealed four fundamental trade-o�s: awareness mechanisms that
inform bystanders inevitably disrupt social interactions (visibility
versus disruption), consent mechanisms empower bystanders by
burdening them with self-defense (empowerment versus burden),
automated protection reduces user autonomy (protection versus
agency), and accountability requires privacy surrender through
authentication (accountability versus exposure).

These �ndings point toward a context-adaptive framework that
operates through distinct pathways calibrated to environmental
characteristics: minimal-friction visibility in public spaces, struc-
tured negotiation in semi-public environments, and automatic pro-
tection in sensitive contexts where vulnerability justi�es reduced
autonomy.

Our work makes three contributions to HCI research on ubiqui-
tous sensing privacy:

� Quanti�cation of expectation-willingness gaps. Through
parallel surveys of 525 wearers and bystanders, we provide
systematic measurement of privacy expectation disparities
across �ve information dimensions and �ve protective mea-
sures, revealing that gaps concentrate in control mechanisms
and intensify in sensitive contexts.

� Identi�cation of fundamental trade-o�s in PET design.
Through paired evaluation of 12 mechanisms, we identify
four trade-o�s (visibility versus disruption, empowerment
versus burden, protection versus agency, accountability ver-
sus exposure) that explain why current approaches fail to
reconcile stakeholder con�icts.

� Context-adaptive privacy pathways. Based on systematic
preference patterns, we propose design pathways that select
and combine mechanisms based on environmental character-
istics, recognizing context rather than individual negotiation
as the primary determinant of privacy acceptability.

2 Related Works
2.1 Privacy Challenges Unique to Camera

Glasses
Wearable camera glasses have enabled seamless media capture
through integrated cameras and on-device AI, supporting diverse
applications from medical assistance [22, 140] to navigation [85]
and learning [47]. However, this seamless experience creates dis-
tinctive privacy challenges between wearers and bystanders [50,
56, 123].

Unlike web cookies where consent is discrete and individual,
camera glasses privacy is situated and dynamic, emerging through
ongoing information exchange. Compared with traditional cameras
or head-mounted displays (HMDs) like VR/AR headsets, camera
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Figure 2: Research framework overview. Study 1 investigates the expectation-willingness gap between wearers and bystanders
across contexts (what is the gap). Study 2 evaluates existing PETs to understand underlying tensions ( why the gap persists).
Design insights propose context-adaptive pathways ( how to address the gap).

glasses appear ordinary yet enable continuous recording, intensi-
fying tensions between everyday visibility and pervasive capture.
Traditional photography relies on visible gestures (e.g., raising
a phone) that signal recording intent [84, 101]. In contrast, cam-
era glasses enable capture through subtle gestures or voice com-
mands [23, 123], leading bystanders to assume continuous record-
ing [56]. Although many devices include LED indicators, such cues
often remain imperceptible at distance, easily obstructed, or socially
ambiguous [58, 99, 123].

Beyond recording ambiguity, smart glasses transform privacy
risks into an instantaneous process through AI-based recogni-
tion [50]. Real-time facial recognition and scene understanding pro-
vide users with assistance while simultaneously turning bystanders
into live data sources before they can become aware or exercise
control. This shifts privacy threats from post-hoc content review
to real-time inference, where sensitive attributes such as demo-
graphics, health status, or a�liations could be extracted [42, 63, 88].
These technical characteristics converge to undermine established
social norms for negotiating photography [61]. Traditional photo-
taking was visually marked and normatively negotiable, enabling
bystanders to object or opt out. Smart glasses render such negotia-
tion di�cult: wearers may use them as ordinary eyewear without
realizing potential o�ense, while bystanders lack cues to interpret
or contest recording [16, 29]. This becomes particularly problematic
in sensitive environments such as �tting rooms and medical facili-
ties [83, 107]. These unresolved tensions have repeatedly triggered
public backlash and market withdrawals [25, 60].

We summarize these characteristics in Table 1. Collectively, these
challenges illustrate that privacy in camera glasses requires re-
establishing contextual and social mechanisms for negotiation [69,
125], motivating our examination of context-aware and multi-stakeholder
approaches.

2.2 Contextual Factors in Privacy Expectations
Privacy has long been understood as a dynamic boundary-regulation
process rather than a �xed state [130]. Altman's theory framed pri-
vacy as ongoing negotiation between desired and actual levels of
access to the self [11], and subsequent research has consistently

shown that privacy expectations shift with where data is captured
and who is involved [12, 34, 52]. This pattern is particularly salient
in emerging technologies like camera glasses, where users report
heightened concern about information being repurposed beyond
immediate contexts [40].

Nissenbaum's theory of Contextual Integrity (CI) o�ers a norma-
tive lens for understanding these dynamics [86]. According to CI,
privacy violations arise when information �ows breach contextual
norms of appropriateness (what may be revealed) or distribution
(how it may circulate). These norms are shaped by three compo-
nents:contextual conditionsthat de�ne a setting, thesocial roles
of actors, and thetransmission principlesthat regulate information
�ows. For camera glasses, transmission principles for ubiquitous
capture remain unde�ned, making their establishment both urgent
and central to our work.

Physical setting has emerged as among the most in�uential
dimensions for understanding camera glasses privacy. Settings
structure the visibility and permeability of information �ows, in�u-
encing whether recording behaviors are perceived as contextually
appropriate [12, 86]. Prior research documents that privacy expec-
tations di�er signi�cantly across spatial contexts, with tolerance
typically higher in public spaces and lower in private or sensitive
ones [29, 90]. These expectations re�ect situated norms: shared
understandings about appropriate behavior within a given space.

Equally critical is thesocial relationship between actors [25,
63, 131]. Prior work in adjacent domains shows that relationship
strength (e.g., friend, colleague, stranger) systematically shapes
disclosure comfort and privacy expectations [117,128]. Relationship
determines the degree of trust and legitimacy perceived in data
capture [5, 39, 91]. With the growing popularity of camera glasses,
rede�ning boundaries between wearers and bystanders has become
urgent.

Despite the centrality of context to privacy, prior work has
largely examined contextual factors in isolation [5, 29]. O'Hagan
et al. [90] systematically varied context in evaluating bystander
attitudes toward AR sensing, �nding strong e�ects of both setting
and relationship. Windl et al. [132] examined technology-facilitated
privacy violations across physical contexts. However, these studies
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Table 1: Comparison of privacy-relevant characteristics across recording devices. HMDs refer to head-mounted displays with
visible form factors. Camera glasses refer to AI-enabled eyewear resembling ordinary glasses.

Dimension Privacy Relevance Camera/Phone HMD Camera Glasses

Recording ambiguity How easily bystanders de-
tect capture intent [84]

High (gestures) Medium (appearance) Low (subtle)

Real-time AI processing Extent of automated recogni-
tion at capture [50, 83, 107]

Low (manual) Medium (task-speci�c) High (continuous)

Established social norms Clarity of shared expecta-
tions for recording [16, 29]

High (clear consent) Medium (emerging) Low (ambiguous)

primarily capturesingle-stakeholderperspectives. Our work extends
this line by systematically comparing how the same contextual fac-
tors di�erentially shape expectations for wearers versus bystanders,
revealing where gaps emerge and intensify.

2.3 Stakeholder Perspectives and Privacy
Negotiation

Camera glasses create asymmetric privacy relationships where
wearers control recording while bystanders bear exposure risks [23].
This asymmetry transforms privacy into continuous negotiation
between primary users and secondary actors who often interpret
the same recording behavior di�erently [56].

Bystander-focused research has extensively documented con-
cerns about consent and surveillance. Denning et al. [29] conducted
in-situ studies revealing bystanders' discomfort with AR glasses
recording. Subsequent work has explored bystander awareness
needs [3, 98], defensive responses [115, 141], and protection mech-
anisms [6, 43, 51]. These studies establish that bystanders consis-
tently desire stronger noti�cation and control than current devices
provide.

Wearer-focused research has examined di�erent concerns.
Bhardwaj et al. [16] interviewed camera glasses wearers about their
privacy dilemmas, �nding that many wearers do consider bystander
perspectives but face practical constraints in addressing them. Bipat
et al. [17] analyzed camera glasses use in the wild, documenting
usage patterns and social challenges. Tran et al. [123] surveyed
wearers about noti�cation preferences, �nding general willingness
to signal recording but concerns about social friction.

However, this separation of stakeholder perspectives leaves criti-
cal gaps. First, it remains unclearhow muchbystander expectations
diverge from wearer willingness across speci�c privacy dimensions.
Second, without direct comparison, we cannot identify which mech-
anisms might bridge these di�erences versus which face irreconcil-
able con�icts. Third, the interaction between stakeholder role and
context remains underexplored.

Multi-stakeholder approaches have begun addressing these
limitations. Chung et al. [23] examined dyadic interactions through
AR glasses, revealing negotiation dynamics but focusing on ac-
quainted pairs. Windl et al. [131] designed consent mechanisms for
spontaneous AR interactions, incorporating both user and target
perspectives. Abraham et al. [1] explored how sensitive contexts
shape both wearer and bystander attitudes toward AR sensing. In
smart home contexts, parallel work has examined owner-bystander

tensions around domestic cameras [98, 121, 137], demonstrating
that multi-stakeholder con�icts are pervasive across ubiquitous
sensing technologies.

Our work builds on and extends this foundation in several ways.
First, wequantify the expectation-willingness gap through large-
scale comparative measurement (N=525), enabling precise identi-
�cation of where stakeholder requirements diverge most sharply.
Prior work has documented that gaps exist; we measure their mag-
nitude across speci�c dimensions and contexts. Second, we system-
atically evaluate whether existing Privacy-Enhancing Technolo-
gies (PETs) canbridge these measured gaps, revealing fundamen-
tal trade-o�s that explain why current approaches fail. Third, we
derive empirically-grounded implications forcontext-adaptive
pathways that dynamically adjust protection strategies based on
the contextual patterns our data reveal. This progression from
gap quanti�cation through mechanism evaluation to design rec-
ommendations represents a more complete treatment than prior
single-study approaches.

2.4 Privacy-Enhancing Technologies for
Bystanders

2.4.1 Sensor Transparency and Recording Notification Mechanisms.
Recording noti�cations seek to establish informed consent by en-
abling bystanders to detect when smart glasses capture audio or
video. Current implementations rely primarily on visual indica-
tors�Snap Spectacles employ circular LED rings [58], while Ray-
Ban Meta features a �Capture LED� during recording. However,
these minimal indicators su�er from fundamental limitations. LEDs
assume constant bystander vigilance yet fail when individuals are
distracted, facing away, or have sensory impairments [16, 99]. Re-
search con�rms that visual indicators alone prove inadequate for
conveying device activity awareness [3].

Multimodal noti�cation designs address these limitations by
combining visual, auditory, and digital channels. Recent proposals
include smartphone noti�cations to nearby devices and context-
sensitive audio alerts [2, 20, 98]. Empirical studies demonstrate user
preference for multimodal approaches in privacy-sensitive contexts,
though implementation faces inherent tensions between notice-
ability and obtrusiveness [58, 121]. Smart home research provides
relevant precedents through "tangible privacy" mechanisms [3] and
privacy visualization systems [8, 100], yet camera glasses' mobility
demands solutions optimized for spontaneous encounters rather
than controlled environments.
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2.4.2 Empowering Bystander Control and Refusal.Beyond aware-
ness, bystanders seek active intervention capabilities to signal
recording refusal [75, 95]. One approach employs personal coun-
termeasures: FacePET uses infrared LEDs to blind cameras [96],
while InPhysible camou�ages physiological signals [79]. Despite
experimental e�ectiveness, these solutions prove impractical by
requiring bystanders to carry specialized devices in anticipation of
encounters.

Environmental interventions o�er broader coverage through
infrastructure-based solutions. BlindSpot proposed jamming signals
in sensitive spaces [93], while systems like I-Pic and Cardea enable
wireless privacy preference broadcasting [2,112]. These approaches
eliminate individual equipment burdens but require industry-wide
protocol adoption and regulatory enforcement currently absent
from the ecosystem.

Marker-based consent signaling represents a third approach, en-
abling individuals to wear visual identi�ers or perform gestures
that trigger automatic recording cessation [19, 55, 113]. However,
practical deployment faces critical obstacles: bystanders must antic-
ipate risks and prepare markers, visible indicators may compromise
user privacy, and enforcement depends on universal manufacturer
compliance. Without mandatory standards, non-compliant devices
can simply ignore signals, limiting these solutions to conceptual or
prototype stages.

2.4.3 Automated Bystander Privacy Protection.Automated approaches
implement privacy protection directly within recording devices
through computer vision and signal processing. BystandAR dis-
tinguishes interaction targets from bystanders using eye tracking
and spatial audio [24], while other systems employ real-time face
blurring [9,43] or activity recognition in degraded images [30]. Con-
textual factors including location [110], social connections [129],
and accessibility needs [134] can drive automatic control decisions.
PrivacEye exempli�es sophisticated approaches by using eye move-
ment analysis to detect privacy sensitivity and trigger mechanical
shutters [116].

Despite technical advances, automated protection faces funda-
mental limitations. Bystanders remain unaware of post-processing
applications, perpetuating trust de�cits regardless of actual protec-
tion levels. Recent research highlights risks of overlooking legiti-
mate privacy concerns due to inadequate bystander de�nitions [87].
E�ective deployment requires coordinated ecosystem development
including transparency mechanisms, industry standards, and public
education, suggesting that technical solutions alone cannot resolve
the complex sociotechnical challenges of ubiquitous sensing.

3 Study 1: Surveying Wearers' and Bystanders'
Privacy Expectations

To systematically understand privacy expectations surrounding
camera glasses, we conducted a large-scale survey examining per-
spectives from two stakeholder groups: current or potential smart
glasses users (wearers, N = 232) and individuals potentially a�ected
by such devices (bystanders, N = 293). Our scenario-based design
evaluated privacy attitudes across situations varying byphysical
setting (public, semi-public, private/sensitive spaces) andsocial re-
lationship (strangers versus acquaintances). This dual-perspective

approach enables direct comparison of expectations and identi�ca-
tion of con�icts between groups. Study 1 addresses two research
questions:

� RQ1: How do contextual factors (physical setting and so-
cial relationship) in�uence wearers' and bystanders' privacy
concerns and behavioral intentions?

� RQ2:What gaps exist between bystanders' expectations and
wearers' willingness regarding information transparency
and protective measures? How e�ectively do current noti�-
cation mechanisms meet stakeholder needs?

3.1 Survey Design
3.1.1 Contextual Scenario Design.Grounded in Contextual Integrity
theory [86], we designed six vignettes systematically varying across
physical setting and social relationship in a 3� 2 design, balancing
comprehensiveness with participant fatigue [90, 132]:

� Public spaces:Street (travel vlog with companions), Mall
(shopping among strangers)

� Semi-public spaces:Meeting room (documentation with
colleagues), Hospital (consultation among strangers)

� Private/sensitive spaces: Private party (casual recording
with friends), Gym (workout documentation among strangers)

Each vignette portrayed typical camera glasses use from the
participant's assigned role (wearer or bystander), with presentation
order randomized using Latin square counterbalancing to reduce
sequencing bias [35, 62].

3.1.2 Technology Primer.To address varying familiarity levels
across participants, all respondents received a standardized technol-
ogy primer before evaluation. This primer included: (1) representa-
tive product images and brand examples (Ray-Ban Meta, Xiaomi AI
Glasses), (2) typical use cases and core functions, (3) annotated pho-
tographs showing LED indicator placement, and (4) explanation of
LED signaling conventions. This ensured all participants possessed
su�cient baseline knowledge for informed responses regardless of
prior experience.

3.2 Measures
3.2.1 Demographics and Baseline A�itudes.We collected demo-
graphic information including gender, age, education, camera glasses
familiarity, and brand awareness. To establish baseline privacy atti-
tudes, we employed validated scales adapted for each stakeholder
group (see Appendix A for complete items).

For bystanders, we adapted the Internet Users' Information
Privacy Concerns (IUIPC) scale [73], measuring three dimensions
with two items each:Awareness(need for disclosure about data
collection),Control(perceived control over information practices),
andCollection(concerns about unauthorized recording).

For wearers, we developed scales capturing other-regarding
privacy attitudes. Drawing on the Privacy Orientation Scale [15],
we created two items measuringPerceived Responsibilitytoward
bystanders. We then used Protection Motivation Theory (PMT) [72,
111] as a generative lens to design items capturingPrivacy Protection
Intention(willingness to modify behavior when others object) and
Information Sharing Intention(willingness to inform bystanders).
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We chose PMT over value-oriented scales such as VOPP [44] be-
cause our goal was to assess context-speci�c behavioral intentions
rather than general privacy values. While PMT was originally devel-
oped for self-protective behaviors, its threat/coping appraisal struc-
ture extends naturally to other-regarding contexts, an approach
established in healthcare informatics research on protecting patient
privacy [64, 71].

Given overall survey complexity (six scenarios� multiple di-
mensions), we made a deliberate measurement trade-o�: baseline
attitudes used abbreviated 2-item scales for descriptive purposes,
while scenario-based measures, which support our core claims,
received greater emphasis.

3.2.2 Contextual Measures.For each scenario, we collected role-
speci�c measures. Bystanders evaluated: privacy concerns (PC(B)),
behavioral responses (BH(B)), information needs (I(B)), and pro-
tective measure expectations (PT(B)). Wearers assessed: recording
reasonability (R(W)), concerns about a�ecting bystanders (PC(W)),
information disclosure willingness (I(W)), and protective measure
willingness (PT(W)).

Following prior literature on privacy negotiation [23, 29, 40,
46, 90], we operationalized �ve information dimensions and �ve
protective mechanisms:

� Information dimensions: Purpose (intended use), Content
(recording details), Sharing (upload/distribution), Retention
(storage duration), AI Use (recognition/analysis)

� Protective measures: Proactive Noti�cation, Privacy Filter
(face blurring), No Sharing (upload prohibition), Auto Delete,
Prior Consent

Both used 7-point matrix-style Likert scales, supplemented by
open-ended questions.

3.2.3 LED Indicator Evaluation.Participants evaluated existing
LED indicators on: adequacy (5-point scale), inadequacy reasons
(multiple choice), preferred noti�cation methods (multiple choice),
and adoption motivators (multiple choice).

3.2.4 Scale Development and Validation.Our instrument devel-
opment followed a rigorous multi-stage process [62]. First, two
researchers independently collected candidate items from relevant
literature [29,73,90,111], then collaboratively merged similar items
and removed semantically ambiguous or construct-inconsistent
items. Second, two external experts in cybersecurity and privacy re-
viewed the instrument to re�ne wording, ensure non-leading phras-
ing, and verify accessibility for general audiences. Third, we con-
ducted three iterative pilot rounds (N=5 each), asking participants
to identify ambiguous statements and checking for ceiling/�oor
e�ects. Feedback was incorporated until no ambiguities were re-
ported.

3.3 Participants and Procedure
We recruited participants from mainland China through distinct
channels. Bystanders were recruited via university mailing lists
using materials broadly describing the study as examining attitudes
toward wearable electronics to avoid response bias. Wearers were
recruited through smart glasses enthusiast groups, brand commu-
nities, and forums. China provided an ideal research context as
the world's largest smart glasses market�IDC projects 2.75 million

units shipped in 2025 (107% year-over-year growth) [135], with
brands like Xiaomi achieving rapid adoption [136].

Participants completed the 8-minute survey for USD $1 compen-
sation after providing informed consent. Quality controls excluded
responses with completion times under 3 minutes, Mahalanobis
� 2 outlier detection for straightlining, and failed attention checks,
yielding 293 valid bystander responses (18.6% exclusion rate) and
232 valid wearer responses (13.4% exclusion rate).

Sample characteristics re�ect typical technology adoption pat-
terns (see Table 9 in Appendix). Wearers exhibited early adopter
pro�les with higher male representation (59.5% vs. 49.2%), greater
device experience (23.3% vs. 4.4% current/former users), and in-
creased awareness of international brands (Ray-Ban Meta: 43.5% vs.
27.0%). Both groups showed high familiarity with domestic brands,
particularly Xiaomi AI Glasses (>87%). Including participants with
varying familiarity levels re�ects real-world market conditions
where most potential bystanders are non-users; our goal was to
evaluate privacy mechanisms rather than device usability. The sub-
stantial sample sizes provide robust coverage across the adoption
spectrum, though high education levels (>80% bachelor's degree)
may limit broader generalizability.

The study protocol was reviewed and approved by the Institu-
tional Review Board (IRB) of Tsinghua University, and we strictly
protected participants' data privacy throughout the study.

3.4 Measurement Validity
Our scenario-based scales demonstrated strong internal consis-
tency: Information Needs (bystanders,U = 0.89), Protective Mea-
sure Expectations (bystanders,U = 0.89), Information Disclosure
Willingness (wearers,U = 0.94), and Protective Measure Willing-
ness (wearers,U = 0.93). Baseline attitude scales showed modest
reliability typical of 2-item measures (U= 0.48�0.77), appropriate
for their descriptive purpose.

To assess convergent validity, we examined correlations between
baseline measures and scenario-averaged outcomes (see Figure 14
in Appendix). For bystanders, baseline items correlated positively
with scenario-based privacy concerns and protection demands (r
� .12�.42, most ps < .001). For wearers, baseline responsibility and
intention items correlated moderately with scenario-based disclo-
sure willingness and protection adoption (r� .25�.62, ps < .001).
These patterns support treating abbreviated baseline scales as valid
descriptive measures, though we acknowledge their limitations for
primary analyses. Therefore, we treat these short baseline scales as
secondary descriptive measures and do not rely on them as primary
evidence for our core claims.

Exploratory factor analyses con�rmed construct validity for
all scenario-based measures. Each construct yielded a dominant
�rst factor explaining 38.9�61.9% of variance, with item loadings
ranging from 0.56 to 0.86 and item-total correlations from 0.50 to
0.83, supporting their use as composite measures.

3.5 Statistical Analysis
We employed the Aligned Rank Transform (ART) procedure [133] to
accommodate non-normal Likert-scale distributions. Mixed-design
ANOVAs examined Group (between-subjects: wearer vs. bystander)
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Figure 3: Privacy perceptions across six contextual scenarios. Each panel shows scenario illustration and distribution of
responses for Recording Reasonability (R(W)) by wearers, Privacy Concern by bystanders (PC(B)), and Privacy Concern by
wearers (PC(W)). Asterisks indicate signi�cant group di�erences (* ? Ÿ ”05, ** ? Ÿ ”01, *** ? Ÿ ”001).

and Scenario (within-subjects: 6 vignettes) e�ects on privacy con-
cerns, information disclosure needs/willingness, and protective
measure expectations/willingness. Post-hoc comparisons used ART-
C [36] with Holm corrections.

3.6 Results
3.6.1 Recording Reasonability and Privacy Concerns.Wearers con-
sistently viewed recording as reasonable across all contexts, with
mean ratings exceeding the neutral midpoint even in sensitive set-
tings (Street� Travel Mates:" = 5”92, (� = 1”26; Gym� Strangers:
" = 4”17, (� = 1”94). A signi�cant Scenario e�ect (� = 59”548,
? Ÿ ”001) revealed clear hierarchies: public recordings with com-
panions were deemed most reasonable, while medical and �tness
contexts were least reasonable though still above neutral (Figure 3).

Bystanders expressed signi�cantly higher privacy concerns than
wearers across all scenarios (� = 20”540, ? Ÿ ”001; bystanders:" =
5”07, (� = 1”59; wearers:" = 4”59, (� = 1”93). Privacy-sensitive
spaces�Gym � Strangers (" = 5”46) and Hospital� Strangers

(" = 5”26)�triggered the highest concerns (� = 56”440, ? Ÿ ”001).
Group� Scenario interactions revealed persistent perception gaps,
with bystanders reporting signi�cantly higher concerns in four
scenarios: Street� Travel Mates (� " = 0”51,? Ÿ ”05), Private Party
� Friends (� " = 0”79, ? Ÿ ”001), Mall � Strangers (� " = 0”72,
? Ÿ ”001), and Gym� Strangers (� " = 0”42, ? Ÿ ”01). These
disparities suggest wearers systematically underestimate privacy
implications, particularly in social and commercial settings.

3.6.2 Behavioral Response Pa�erns.Bystanders demonstrated strong
defensive intentions when encountering smart glasses recording
(Figure 4). Camera avoidance dominated across contexts (52�80%),
peaking in commercial spaces (Mall: 80%) and �tness facilities (Gym:
68%) where anonymity expectations are highest. Responses fol-
lowed a clear escalation hierarchy: nonverbal protests (31�51%)
served as middle ground, while direct interventions, requesting
recording cessation (26�51%) or data deletion (31�39%), increased
in unfamiliar settings. Formal complaints to authorities, though rare
(0�13%), peaked in medical (11%) and �tness (13%) environments.
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