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Leaks from Otherworlds: Discovering Protocols for Spontaneous Crossing
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Mixed reality supports public art, play, and self-expression, yet people sharing a street may inhabit mutually invisible digital layers.
Making a layer discoverable can reveal information or demand attention before anyone chooses to engage. We study spontaneous
crossing: noticing an unfamiliar mixed reality and negotiating whether to take part. In an HCI classroomworkshop with 40 participants
we used Protocol Futuring, a speculative method in which teams propose the rules of an imagined encounter, challenge them, and
revise. Comparing the questions this raised with existing literature, we map five facets: leakage and discoverability, which covers
deliberate signals and incidental exposure alike; the crossing process; intentionality; Reality Access Control; and interoperability.
Walkthroughs of a menu-based invitation and a handshake gesture show how one entry choice reshapes later permissions and
responsibilities. This initial design space connects playful encounters to questions of who may see, join, refuse, and shape a shared
reality, including those affected without taking part.

Additional Key Words and Phrases: mixed reality, spontaneous crossing, Protocol Futuring, design space, discoverability, consent,
plural realities
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1 Introduction

It has long been anticipated that mixed reality (MR) glasses will become ubiquitous in the near future, worn by everyone
in the street. Films and speculative design repeatedly picture a city covered by digital layers. In Hyper-Reality, the street
is saturated with overlays of services and advertising [131]; in Rainbows End, a layer of reality may be seen by one
person or by millions [209]. HCI has used design fiction and co-speculation to ask what ubiquitous augmented reality
(AR) would bring [53, 100], including its implications for shared perception and perceptual rights [146]. Research on
augmented clothing, public play, and place-based memorialization gives elements of this envisioned future concrete
forms [65, 89, 127]. AR is anticipated as a medium through which people experience places and encounter one another.
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2 Hu et al.

Ubiquitous glasses do not ensure a shared digital city: people may inhabit different actualities, or currently
experienced realities [12]. Current privacy protections and permission arrangements make sharing conditional. Content
rendered on personal XR displays is ordinarily visible only to the wearer; systems such as Nearby SharePlay organize
nearby sharing through explicit invitation and acceptance [7, 75]. Access also depends on applications and platforms, so
co-location does not by itself establish a public layer that everyone enters [142, 196, 213]. Personalized augmentation is
permissionless: a person can alter their own view without the agreement of others nearby [87]. The freedom to have
one’s own reality does not ensure that others can encounter it. Perceptual asymmetry, together with privacy controls
and platform boundaries, can sustain private, fragmented, and siloed realities [34, 75, 156, 199].

Occasions to share mixed reality nevertheless keep arising. Friends who meet by chance want to revisit a memory
attached to the place; a passer-by wants to join a street game in progress; an artist hopes that strangers will encounter
a work. These encounters depend on discoverability. AR activism makes the tension especially clear: a creator can
place an intervention without a site’s owner’s permission, yet still struggle to make it discoverable [190, 191]. Public
art and heritage similarly depend on cues, demonstrations, and access routes that bring otherwise hidden content to
attention [65, 222]. Discoverability sits in tension with permissionless expression and privacy: creators need
ways for their realities to be encountered, while wearers and bystanders need control over what they reveal and receive.
Permission to publish does not ensure that someone will notice, and public availability does not establish the awareness
needed to consider participation.

From a bystander’s position, the problem begins before access: how does someone first notice that another
reality exists here at all? We call the clues that cross this perceptual boundary leakage. Some clues are offered
deliberately, such as a projected image, a sign, or a spoken invitation. Others arise incidentally: people casting virtual
spells expose their bodily movements even when the spells remain invisible; sounds and device appearance similarly
disclose that an experience is taking place [89, 171]. Videos of AR gameplay in public show bystanders seeing odd
postures and gatherings rather than the game itself [123]; people working on virtual displays are likewise noticed by
those nearby, even when their content remains unintelligible [155]. Leakage therefore includes both designed attraction
and exposure that does not depend on the designer’s or wearer’s wish. It can disclose an experience’s existence without
revealing its content or granting access. It is in this gap between noticing and participating that a request to join, an
invitation, or a decision to remain outside can arise. We keep one term across that range because both ends have the
same effect on a bystander: another world makes itself felt across a perceptual boundary without thereby granting
entry. The word does carry a connotation of escape beyond an intended limit, which fits incidental exposure more
comfortably than it fits a creator openly drawing strangers toward a work. We therefore treat intention as a dimension
along which leakage varies rather than a condition for it, and Section 5.3 maps that dimension as a facet in its own right.

Following such a leakage clue can initiate spontaneous crossing into mixed reality. Spontaneity describes how
the encounter begins: someone initially unaware of a layer notices it and considers engaging. Subsequent requests,
consent, participation, refusal, and exit can be deliberate. Collaborative MR, cross-reality, and transitional interfaces
provide a substantial history of connecting experiences [13, 21, 188]. Much of this interaction research takes place
in laboratory settings or begins with participants who already know the reality they will encounter [39, 157, 187].
Spectator research, participation frameworks, and MR street play examine how people approach and join activities
[89, 130, 172, 218]. Bringing these traditions together directs attention to how awareness, access, and shared activity
become connected when prior knowledge and an agreement to connect cannot be assumed.

Spontaneous crossing must also work in the wild, where it becomes a protocol problem. Two people meeting
by chance may use different devices, applications, representations, and platform rules. For A to enter B’s world, their
Manuscript submitted to ACM
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Leaks from Otherworlds: Discovering Protocols for Spontaneous Crossing Mixed Realities 3

systems need a mutually intelligible way to discover an offer, negotiate access, establish what becomes shared, and end
the relationship. Device association, AirDrop [6], and Nearby SharePlay [7] offer precedents for connecting nearby
parties; cross-platform architectures and XR standards [203] address parts of interoperability [62, 207]. Such encounters
may require a crossing protocol: shared rules through which parties and systems establish an agreement about the
crossing. The agreement can be limited to an encounter, preserving different worlds. Who defines those rules, whose
permissions count, and how decisions can be challenged also make this a question of governing plural realities [87, 145].

Early work on spontaneous-AR consent [216] and some sharing protocols provides starting points [87, 91], but the
design space of spontaneous crossing connecting cues, receiving equipment, invitations, access rights, and governing
authorities remains unmapped. Our overarching research question is: What is the design space for enabling
and governing spontaneous crossing between plural mixed realities?We examine it through three connected
dimensions:

• Leakage and discoverability in spontaneous crossing: How can leakage make another reality noticeable
and intelligible to initially unaware bystanders while accommodating privacy and selective disclosure?

• Spontaneous crossing protocols:What protocol arrangements support discovery, entry, participation, and
exit across different devices, applications, and platforms?

• From spontaneous crossing to the governance of plural realities:How can these crossings and the realities
they connect be governed, including who sets, enforces, and can contest shared rules?

Protocol futuring [88] explores unknown protocol design spaces through a participatory, adversarial speculative
process that iterates through blue-team proposals, red-team challenges, and revisions. We conducted a protocol
futuring workshop with 40 participants to open the design space and develop a provisional Protocol Design Space.
We then compared it with existing mechanisms and prior literature to extend and structure it. Our main contribution
is this initial opening and structuring of the design space. We show what the second stage adds by returning to one
workshop proposal: a team answered the question of who may enter a shared layer by reviewing uploaded code, and
the map separates reviewing an artifact, admitting a person, and choosing what a receiving system renders (Section 5.6).
We offer this as an exploratory approach whose usefulness in design practice remains to be tested.

2 Background

2.1 Collaborative mixed reality, cross-reality, and transitional interfaces

Connecting realities has a substantial history in HCI. Early collaborative AR supported face-to-face interaction around
shared objects, independent viewpoints, and differentiated information layers [21, 23, 64, 174, 201]. Mixed-reality
boundaries and distributed architectures connected heterogeneous displays, scene representations, and physical and
synthetic spaces [15, 30, 184, 185]. Reviews subsequently organized collaborativeMR through awareness, communication,
coordination, spatial distribution, and the symmetry of participants’ roles and technologies [43, 54, 188]. Sharing a
spatial reference need not entail identical views or capabilities. These classifications matter because the person outside
an experience may differ from its wearer in knowledge, equipment, and permitted actions simultaneously. The technical
possibility of connecting their displays addresses only part of that asymmetry.

Traversable and transitional interfaces explored movement between physical activity, augmented views, and immer-
sive environments [22, 109, 114]. Cross-reality taxonomies situate these transitions alongside asymmetric participation
and collaboration across the reality–virtuality continuum [13, 63, 98]. AR/VR and AR/desktop collaboration investigate
differentiated viewpoints and awareness cues [56, 70, 82, 144, 157]; co-located systems connect headset users, nonusers,
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4 Hu et al.

and public spectators [50, 76, 165, 211]. Transition research examines continuity, bidirectionality, object transfer, and
control across contexts [39, 67, 160, 186, 187, 210], supported by dedicated prototyping environments [73].

Much of this interaction research starts with recruited participants in laboratory tasks or otherwise prepared
encounters: collaborators are equipped, environments configured, and the existence of another reality established
before interaction begins [39, 67, 157, 160, 187]. Even asymmetric participation can assume that an outsider already
knows what the headset user is doing. These starting conditions leave a different question: how does someone who has
no prior awareness of another layer first discover it and spontaneously initiate a relationship with it?

2.2 Private, personalized, and platform-bounded realities

Wearable and pervasive AR bring this question into everyday settings, where people can occupy the same physical
place while experiencing different mediated actualities [12, 57, 72, 75, 128]. Personalized-reality research considers how
individual data and preferences reshape perceptual experience; accounts of fragmented, competing, and autonomous
realities examine the consequences for shared worlds and authority [34, 87, 142, 156, 199, 206]. A common physical
setting no longer guarantees a common perceptual or informational public. Here, a private view describes selective
visibility, a personalized view describes adaptation, and a silo describes restricted movement across applications or
providers. Distinguishing them explains how fragmentation can persist even when people wish to share, and why
making everything public would not resolve every boundary.

Privacy is a central concern within this trajectory. Security research distinguishes sensing, application access, and
rendered output, while multi-user AR investigates ownership, selective disclosure, and permissions over shared objects
[44, 121, 167, 181, 182]. Bystander studies examine recording awareness, privacy mediation, sensitive contexts, and
consent concerning information about others [1, 18, 46, 111, 112, 147, 180]. Social-acceptability and dyadic-interaction
research further shows why wearers’ preferences cannot stand in for those of nearby people [3, 4, 37, 122, 135, 139, 179].
Historically, the Google Glass backlash, including the derogatory label “Glassholes,” made these conflicts publicly visible
[116]. Criticism of Facebook’s Project Aria extends them to corporate spatial-data collection and meaningful public
refusal [11].

Together, privacy controls, personalization, and commercial platform architectures establish a trajectory toward AR
that is private in view, customized in content, and bounded by applications and ecosystems [11, 69, 190, 199]. These
forces can reinforce fragmentation, although privacy protection does not require proprietary silos, and a view hidden
from bystanders need not be private from its provider. The resulting tension concerns how people retain selective
control while making chosen experiences available beyond their existing audience or platform. Privacy scholarship
provides essential resources for that control. The problem arises when an experience has no intelligible way to signal
its availability beyond the people and systems already authorized to see it.

2.3 Public expression, permissionless publication, and discoverability

There are substantial reasons to cross those boundaries. Public art uses augmentation to reinterpret shared surfaces and
places [20, 41, 222]; activism supports counter-narratives, community expression, and social change [99, 183, 190, 191].
Heritage and memorialization make histories encounterable where they matter [5, 65, 68, 79, 143]. Location-based
play organizes sociability around movement and place, while augmented fashion makes self-presentation available
to an audience [19, 25, 55, 96, 127, 154]. These practices constitute the demand for public encounters: expression,
remembrance, play, or recognition depends on someone finding and interpreting a layer. They also imply different
publics. A memorial may seek continuing community stewardship, a performance temporary spectators, and an outfit
Manuscript submitted to ACM
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Leaks from Otherworlds: Discovering Protocols for Spontaneous Crossing Mixed Realities 5

recognition from willing passersby. Designing for their encounter therefore requires attention to the relationship being
offered, rather than assuming that every publicly situated augmentation seeks unrestricted access.

AR activism makes one aspect particularly explicit. With or Without Permission describes site-specific interventions
that can bypass a physical site’s owner’s approval [191]. This is a situated sense of permissionless publication; it does
not abolish platform rules, viewer permissions, or the claims of represented people. Understanding AR Activism identifies
discoverability, maintenance, and proprietary distribution as continuing barriers [190]. An augmentation can therefore
be publicly published without becoming visible to a passerby. Application availability, access lists, privacy settings, and
platform policies still condition who can encounter it [69, 142, 182]. Urban and heritage scholarship adds that technical
availability does not settle who can authorize, contest, or sustain a representation [5, 24, 58, 60, 93, 208].

Discoverability bridges these conditions through markers, signage, demonstrations, application distribution, and
community mediation [65, 96, 143, 222]. Public-AR and spectator research distinguishes unnoticed content, visible
activity, intelligible effects, observation, participation, and departure [38, 74, 103, 130, 171, 172, 218]. Street play and
public XR show how bodily conduct can signal otherwise inaccessible digital activity [89, 102, 153, 155, 164, 198, 204]. The
design tension is to make an offer perceptible without making its content compulsory, exposing protected information,
or treating observation as agreement to participate. A coarse cue could disclose that something is available while
withholding the protected content, as selective-disclosure and sharing research explores [167, 182]. Someone may notice
that cue yet choose to remain a spectator. Publicness consequently involves both a route toward participation and an
intelligible position outside it.

2.4 Spontaneous linkage: nearby discovery, association, and sharing

Spontaneous connection is already an established concern in ubiquitous computing. Interest-signaling badges, profile
exchange, local awareness, and serendipitous social computing explored encounters without a prearranged collaboration
[26, 52, 115, 170]. Situated-information systems connected environmental identifiers and contextual annotations to
portable interfaces [113, 176, 178]. Device association made nearby connection actionable through pick-and-drop,
shaking or bumping devices together, and synchronized input [83, 84, 175, 177]. Authentication research and cross-
device taxonomies distinguish endpoint selection, physical action, communication channels, and trust [14, 27, 36, 62].
These histories make spontaneous linkage a familiar design problem with substantial technical resources.

They also distinguish what a connection means socially. Public surfaces, phone sharing, and progressive interfaces
separate awareness, showing, handing over, session participation, and keeping a copy [97, 108, 126, 129]. Proxemic
critiques caution against treating approach or inferred attention as authorization [71]. MR pairing, shared anchors, and
registration supply further components for establishing endpoints and spatial agreement [40, 95, 134, 138, 193, 194].
Their successful operation still leaves the purpose, scope, and duration of sharing to be negotiated.

AirDrop illustrates these distinctions in everyday infrastructure: nearby discovery, identity/contact checks, peer-
to-peer transport, and receiving controls jointly organize an exchange [6]. Research on private discovery, historical
wireless attacks, contact-authentication leakage, and unsolicited delivery examines different parts of that arrangement
[81, 125, 200, 219]. Nearby SharePlay similarly combines invitations and shared context within an ecosystem [7]. These
precedents shift the question toward how discoverability, authentication, willingness to receive, and continuing access
work together when the object of connection is another person’s experienced reality. A brief exchange of a file and
admission to an ongoing spatial experience can entail different expectations about mutual visibility, editable objects,
and what remains after departure. The history of spontaneous association thus supplies components and distinctions
that a crossing protocol must connect.
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2.5 Interoperability standards and the governance of shared realities

Cross-platform work addresses the infrastructures on which such encounters depend. Metaverse surveys consider
representation, identity, security, and institutional incentives [48, 213]. MR architectures investigate heterogeneous ap-
plications, object sharing, federated positioning, and discoverable resources with user-controlled access [17, 45, 169, 207];
decentralized architectures and spatial registries explore shared state and persistent anchors [85, 94]. Interoperability
already encompasses multiple technical and organizational dependencies.

Standards address different layers of this work. Khronos OpenXR provides a common API across XR platforms and
devices; W3C WebXR provides web applications with access to XR devices [203, 217]. glTF addresses transmission and
loading of 3D assets, while OGC GeoPose specifies exchange of position and orientation [151, 202]. Open AR Cloud
combines spatial-service discovery, content discovery, and positioning through its Open Spatial Computing Platform
[150, 196]. The Metaverse Standards Forum coordinates requirements, resources, testbeds, and cooperation among
standards organizations; it does not itself create standards [136].

Governance questions run through these infrastructures. WebXR explicitly addresses user intention, consent, and
session duration [217]. AR research examines privacy management, normative tensions, perceptual agency, and
expectations concerning bodies, possessions, and places [29, 101, 124, 145, 163]. Output management, access controls,
and shared-state security enforce particular arrangements [119, 120, 182, 192]. A common format or API nevertheless
leaves situated decisions about who may advertise a layer, admit others, withdraw access, or resolve competing claims.
Cross-platform encounters require those decisions to remain intelligible across providers and affected parties. For
example, a receiving system needs to distinguish permission to display an object from permission to copy or modify
it; affected people need a way to understand and challenge the arrangement. This connects interoperability to the
allocation and recognition of authority within an encounter.

2.6 Spontaneous crossing in the wild as a protocol problem

Spontaneous crossing takes place in the wild, where the people who encounter one another have not necessarily
prepared to share an experience. Public XR encounters involve wearers, spectators, and passersby with different
knowledge, interests, and opportunities to participate [89, 90, 155]. An unplanned encounter may occur within one
application or across different devices and platforms; spontaneity does not itself imply incompatibility. Where a common
application, account, spatial reference, or supported representation is absent, the parties must establish a supported
form of exchange during the encounter. Where these resources already exist, noticing another reality and agreeing on
access remain separate tasks.

This uncertainty makes spontaneous crossing a protocol problem. A protocol specifies the formats and
procedures through which systems coordinate an association [189]. Standardizing those rules provides a basis for
interoperability across independently developed devices, platforms, and applications. For crossing, we argue that this
common specification needs to connect how an experience announces itself, how counterparts identify compatible
capabilities, how an invitation and its permissions are expressed, and how access changes or ends. Existing standards
supply parts of this foundation, including device access, asset exchange, and spatial references [151, 202, 203]. A crossing
protocol would coordinate these components around the encounter, allowing implementations to offer a supported
form of participation, such as a limited preview, or explain why crossing is unavailable. Interoperability here concerns
both exchanging content and preserving the meaning of the agreement under which it is exchanged.
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Direct work on these encounter-level arrangements is emerging. Windl et al. [216] develop scenarios and a consent-
design framework for spontaneous interaction, but not crossing protocols. Hu et al. [91] propose a handshake-and-pull
protocol linking nearby discovery, embodied initiation, alignment, and scoped sharing. Their proof of concept implements
several components, but permission negotiation remains simulated and the complete encounter lacks participant or
field evaluation. These contributions offer early design resources; their proposed arrangements still need examination
in unplanned public encounters.

3 Methodological Overview: Futuring before Mapping

We use an exploratory design inquiry: protocol futuring followed by literature-informed mapping. Much
collaborative and cross-reality research begins with participants already aware of an experience or prepared to share
it (Section 2.1). We examine how an encounter becomes possible before that preparation. Protocol Futuring makes
alternative arrangements concrete enough to question, without fixing an interface or platform in advance [35, 88].

Futuring elicits the problems to investigate. In one HCI classroom, blue teams propose an encounter, red teams
challenge its assumptions or consequences, and blue teams revise. We examine what each challenge questions and what
its proposed repair changes. Appendix B (Table B1) traces these arguments into questions for literature comparison,
following design-space approaches that develop distinctions through examples [51, 78].

Mapping develops those questions through literature.We use a question-led, integrative comparison to find
mechanisms, alternatives, and qualifications [106, 195]. Its vocabulary develops with the questions: making an outfit
visible can lead to spectatorship, selective sharing, content admission, or infrastructure maintenance. A search restricted
to “spontaneous cross-reality” would miss relevant work. Section 4.4 explains how comparison organizes these concerns
into five facets.

Our purpose is to construct a design space across partly disconnected literatures while its questions and boundaries
develop. We therefore use literature-informed mapping rather than report a systematic scoping review under PRISMA-
ScR [205]. Uncertain terminology does not preclude scoping review; our choice concerns the inquiry’s generative
purpose. We report comparison procedures and source relationships without claiming exhaustive retrieval or saturation.

The map supports further Protocol Futuring and participatory deliberation by making a proposal’s implications and
omissions discussable, including where a repair shifts responsibility or authority.

4 Stage One: Futuring Spontaneous Crossings

4.1 Classroom setup and group prompts

We recruited 40 students from one HCI classroom. Participants worked in teams of four, comprising two blue-team
members and two red-team members. Blue pursued a shared encounter goal, while red challenged the means and
consequences of achieving it. Appendix D (Table D1) lists participant characteristics.

We prepared ten scenarios and use G1–G10 to identify them. These labels index scenario tracks, not teams: teams
chose freely, and several worked the same scenario independently. Teams recorded their exchanges on a shared pad,
which holds twelve numbered sections; eleven contain recorded blue/red exchanges and one was left blank. The recorded
material addresses six of the ten prepared tracks.We worked from every record verbatim.

We began with science-fiction inspiration about future mixed reality, inviting participants to imagine ordinary
streets occupied by people experiencing different digital layers. Scenario prompts translated this broad future into
situations involving fashion, public play, heritage, agent-mediated encounters, and different application ecosystems. An
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AR-fashion worked example, video references, and a preparatory leakage-channel map helped participants consider
how someone outside a layer might notice and approach it. These materials opened possibilities; they did not prescribe
a common device, application, or sharing arrangement.

4.2 Ethics, consent, and researcher position

The study received a favourable ethics opinion from the last author’s institution [Name redacted]. Research use of
classroom material was voluntary and separable from teaching. Every student received the same two-hour activity, the
same cards, the same responsibilities, and the same closing discussion, whether or not they agreed to research use. A
researcher without grading authority distributed the information sheet in advance and collected decisions privately.
Individual decisions were not disclosed to instructors or classmates, and declining or later withdrawing did not affect
grades, attendance, course credit, feedback, or any relationship with teaching staff. Participants could pass on a prompt,
take a break, or stop without giving a reason.

Consent was recorded as separate decisions for analysis, written quotation, and reproduction of team material, so
agreeing to one did not imply the others. Because a team record carries contributions from several people, a record
was eligible only where every contributor to it agreed; material linked to a declining or withdrawing contributor was
excluded, including work made by students who had agreed. Names were replaced with codes, and the name-to-code
key is held separately from the analyzed material and is not part of this submission. We did not record room audio or
video, photograph faces, or quote spoken classroom discussion; the material we quote from teams is written team text.
Participants were asked not to write names or identifying details about other people onto team material.

Two features of our position shape what this study can claim. The workshop took place inside a course connected
to the author team, so students encountered the activity through an existing teaching relationship, and the measures
above reduce but do not remove that asymmetry. An author also facilitated the AR-fashion discussion reported in
Section 4.3, which makes that account closer to the research team’s own framing than the records that teams wrote
without facilitation. We therefore keep facilitated and unfacilitated material separate throughout, and treat neither as
evidence of what people would do in a public setting.

4.3 Proposal, challenge, revision, and comic rendering

Each group began with a desired encounter, such as helping a willing passer-by discover an augmented outfit. Blue
proposed a way to achieve the goal; red challenged a concrete assumption or consequence; blue revised the
proposal in response. The next challenge addressed the revised arrangement, allowing the discussion to develop
rather than repeatedly restart. Participants recorded the exchanges in writing. The worksheet requested at least five
rounds and a ten-panel script retaining the questions and responses, including unresolved consequences.

The exercise invited challenges across four connected levels:

• Interaction: How does the encounter begin, and what must people and devices do?
• Intention:Who wants to reveal, notice, approach, participate, or remain outside?
• Sharing and privacy:What becomes visible or accessible, to whom, and with whose agreement?
• Governance:Who defines and enforces the rules, including those of a proposed public layer?

These prompts encouraged changes in perspective: a technical proposal could raise a social concern whose resolution
introduced an institutional dependency. Groups could follow these consequences across levels without covering them
in a fixed order.
Manuscript submitted to ACM
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What the analysis uses. Our analysis uses the written exchanges that teams recorded during the session. Six
scenario tracks (G1–G6) carry recorded team material; G7–G10 were prepared but not taken up by any team, and we
use those four names only as illustrations, never as evidence. Teams wrote in Chinese, in English, or in both; we worked
from the original wording, and where a team supplied its own English rendering we used that alongside.

Two AR-fashion sources are kept separate. The five-round sequence presented in Table 1 and Figure 2 is
an author-facilitated account of the AR-fashion scenario, developed by an author with students and reconstructed
afterwards. The classroom team record for the same scenario is a different discussion. We do not merge them, and we
do not count them as two independent cases.

What generative AI did and did not do. Generative AI rendered the comic panels in Figure 2 and expanded the
Appendix A portfolio dialogues. Those dialogues illustrate what each prepared scenario invites; they are not reports of
what any team said, and no analysis in this paper rests on them. Generative AI did not produce, edit, or summarize the
team records, and it did not perform the analysis. Appendix C states the full disclosure.

4.4 Protocol Futuring portfolio

The Protocol Futuring portfolio comprises ten scenarios, identified as G1–G10: G1, AI Fashion; G2, Street Magic;
G3, Shop with Agents; G4, AR Qupid; G5, City & City; G6, Live Heritage; G7, Uninvited Gallery; G8, Reality
Alert; G9, Invisible Target; and G10, Public Canvas. Together, they situate spontaneous crossing in self-expression,
public play, agent-mediated services and encounters, plural realities, cultural interpretation, emergency interruption,
and shared public space. Figure 1 shows the illustrated situation prepared for each one. Appendix A (Table A1) presents
these situations with their team goals; its worked dialogues are generative-AI expansions of the prepared scenarios, not
records of what any team said. Here, we use the AR-fashion scenario to show how successive proposals and challenges
open protocol questions.
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(a) AI Fashion (b) Street Magic

(c) Shop with Agents (d) AR Qupid

(e) City & City (f) Live Heritage

(g) Uninvited Gallery (h) Reality Alert

(i) Invisible Target (j) Public Canvas

Fig. 1. The ten prepared Protocol Futuring scenarios, (a)–(j) corresponding to G1–G10. Each situates a spontaneous crossing in a
public setting: purple denotes virtual content visible only inside a layer, while grey shows what everyone shares. Appendix A gives
each scenario’s inspiration, team goal, and worked dialogue. Teams recorded exchanges for six of them, G1–G6.
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AR Fashion illustrates the method’s progression (Figure 2). Blue begins with the wish to make an augmented
outfit visible, and red asks how an outsider would encounter it. A public layer addresses availability but raises the
burden and safety of receiving unfamiliar garment content. Code review then prompts questions about who performs
it, who controls the service, and what incentives support that role. Proposing a private operator brings exchange
across operators into question; a common format subsequently raises compatibility across device generations. The
goal remains recognizable, while its requirements expand from visibility to reception, review, authority, and continuity.
Table 1 and Figure 2 follow the G1 discussion.

Table 1. Five proposal–challenge pairs from the author-facilitated AR-fashion account, corresponding to Figure 2. This is

the facilitated account described in Section 4.2, not the classroom team record for the same scenario, which is a separate

discussion. The final column identifies the protocol questions opened by each exchange.

Account and round Blue proposal Red challenge Protocol questions opened

G1, B1 / R1 Make the wearer’s
virtual outfit visible
to passersby.

Where would they see
it, when their ordinary
view does not show the
augmentation?

Discoverability and perceptual
asymmetry: what cue makes an
unseen layer encounterable? Whose
view must change, and what equipment
does that require?

G1, B2 / R2 Create a public layer
for AR fashion.

Must everyone
download the garment
content, and who
consented to receiving
it? What if it is large or
contains malicious
code?

Reception, permission, resource
burden, and safety: does announcing
a layer authorize receiving its contents?
What can be previewed or checked
before loading it?

G1, B3 / R3 Review garment code
before upload.

Who controls the layer
and performs the
review, and what
incentives do they
have?

Governance and admission: who sets
review criteria, operates the service,
and has authority to admit content?
What sustains that work?

G1, B4 / R4 A private operator
could govern the
layer, with running
the AR cloud
providing an
incentive.

Can the same outfit
work across different
companies’ public AR
clouds?

Operator dependence and
interoperability: what must providers
share or recognize for an outfit to cross
their boundaries? Which decisions
remain provider-specific?
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G1, B5 / R5 Define a common
AR-fashion format so
the outfit looks the
same across
platforms.

Will the format change
as devices improve?
What if older devices
cannot support it?

Temporal compatibility and
continuity: how are versions, device
capabilities, and fallback handled? A
shared format leaves its evolution and
support obligations open.
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Fig. 2. G1: an author-facilitated AR-fashion discussion with students, reconstructed as a comic. Blue proposals and red challenges
develop from visibility to review, governance, and compatibility; purple denotes virtual content.
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How the confrontation develops the design space. Answering visibility creates a reception problem; answering
reception through review creates an authority problem; selecting an operator exposes interoperability and continuity
questions. The wearer’s wish to be seen does not establish the receiver’s permission, and reviewing code leaves the
reviewer’s authority open. Each resolution gives the next challenge something concrete to examine. Protocol Futuring
thus produces candidate arrangements and connected questions through which to compare them.

4.5 From Protocol Futuring to a general map

Protocol Futuring opened an initial general map of the design space by making the conditions of an encounter
contestable.

How we analyzed the records. The first author carried out the analysis on the complete set of recorded exchanges,
working from the verbatim recorded text. Our unit of examination is a proposal, the challenge it encounters, and the
revision or unresolved question that follows. Each such sequence was first articulated as what was at issue in it: an
interaction, an affected party, a permitted operation, an information flow, a temporal dependency, or a rule-making
authority. Sequences making the same demand were then grouped across teams, which is why one row of Appendix B
(Table B1) can carry exchanges from more than one team working the same scenario. Each group was rewritten as a
question that literature could be asked to answer, and the analysis stopped when every recorded sequence had been
placed in at least one such question. The co-authors reviewed the resulting questions and their mapping back to the
records, and disagreements were resolved by returning to the recorded text. A single analyst produced the initial
articulation; we make no claim of independent coding or intercoder agreement, and Section 6.3 treats this
as a limitation. We then developed each question through the literature comparison described below, which supplied
the mechanisms, alternatives, and qualifications that the recorded exchanges raise but do not settle. The design space
is therefore the product of both steps: the records fix which questions are asked, and the literature comparison fixes
how finely each one can currently be answered. For example, G1 distinguishes publishing an outfit, receiving it, and
reviewing its code, while G5’s response to user admission through code review exposes a related distinction between
approving a person and approving an artifact. These became questions for literature comparison: what mechanisms
address each decision, which conditions do they assume, and which alternative arrangements remain possible?

Appendix B (Table B1) makes this elicitation visible. G1–G10 identify group discussions; B1/R1, B2/R2, and so forth
locate each role’s successive contributions. Descriptors distinguish exchanges addressing the same group situation. The
final column articulates the comparison question and points to the facets that develop it. These locators refer to the
source accounts described in Section 4.2; Appendix A’s expanded dialogues illustrate possibilities separately.

From questions to literature comparisons. We used these articulated problems to guide targeted retrieval across
the relevant research traditions, drawing on existing source collections, Consensus and Undermind searches, and checks
of original papers and technical documentation. For discoverability, searches connected public AR and spectatorship to
signage, mediation, and distribution; for access, they connected consent and selective sharing to refusal and revocation;
for interoperability, they connected spatial services and formats to admission, custody, and rule-making. Sources were
used where they supplied a mechanism, exposed an assumption, or offered a consequential alternative. Search records
and revision ledgers preserve the query, source, comparison, and evidence boundary. An implemented component, a
reported concern, and a speculative proposal support different kinds of inference.

We compared each selected source with the problem that motivated its use, splitting decisions that a proposal
combined and qualifying what a mechanism could establish. For example, G6’s sequence led us to distinguish making a
cue available from someone noticing it and knowing how to proceed [222]. G1’s reception question led to outgoing
Manuscript submitted to ACM
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sharing and incoming acceptance as separately controlled operations [182]. Existing participation research also retained
observation as an outcome, extending the comparison beyond successful entry [130]. The preparatory leakage atlas
and earlier intention concepts supplied starting resources; the discussions and literature comparison developed their
implications and relationships.

Why five facets. Comparison organized the concerns around five distinguishable questions: what becomes
perceptible (leakage); how the relationship develops and ends (crossing process); what involved and affected
people want (intentionality); which operations are authorized (Reality Access Control); and which systems and
authorities recognize and sustain the arrangement (interoperability and governance). These are analytical views,
not five independently discovered classroom themes. Appendix B shows why concerns span them: time affects entry
and grant expiry, privacy concerns cues and later data use, and equipment affects noticing and participation. The five
facets organize the questions encountered so far, open to further futuring and comparison.

5 Stage Two: Mapping the Protocol Design Space

Building on the general map in Section 4.4, we develop five complementary facets: leakage channels and discoverability;
the crossing process; intentionality; Reality Access Control; and interoperability across plural realities. These views
connect how an encounter becomes possible to what it permits and what must sustain it.

We use the concerns in Appendix B (Table B1) to guide targeted literature comparison. For each concern, we
distinguish the proposed operation, affected parties, and dependencies, then compare relevant mechanisms, empirical
findings, and normative arguments. Literature can support a proposal, expose a limitation, or introduce an alternative.
The preparatory channel atlas and existing intentionality categories provide starting vocabularies; the synthesis develops
their relationships with the questions raised in the discussions. The five facets organize these comparisons around
perceptual access, encounter progression, intentions, authorization, and cross-system coordination. Consensus and
Undermind assisted literature retrieval and source examination; generative AI also assisted in organizing candidate
comparisons, whose interpretations are presented in the analysis below.

5.1 Facet 1: Leakage channels and discoverability

Spontaneous crossing begins with a problem of discoverability: how can someone encounter a reality whose content is
not yet available to them? We use leakage channels to describe the routes through which cues about an otherwise
private experience become perceptible outside it. A cue may reveal content, signal that a layer exists, or make another
person’s activity noticeable, with different consequences for interpretation and privacy [103, 171, 219]. This facet maps
what crosses that perceptual boundary, through which medium, and to whom. It asks how much an observer can
discover before joining, what equipment or prior knowledge discovery requires, and how exposure can remain limited
when either party prefers not to engage.

Figure 3 maps thirteen main channels and two subordinate forms. Table 2 attaches precedents to each receiving
arrangement; the four families distinguish where information becomes available. Channels can combine, and neither
their availability nor their technical operation determines notice, intention, or consent [171, 216, 219].

ID Channel Family Receiving arrangement and supporting precedents

L01 Projection Environmental
Externalization

Shared-surface content and interaction without a
personal display [76, 80, 98, 212]
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ID Channel Family Receiving arrangement and supporting precedents

L01A Shadow Projection Environmental
Externalization

Interface footprint rather than full content [105];
compare graduated object awareness [104]

L02 Ambient Effects Environmental
Externalization

Physical actuation as an adjacent precedent [61];
public AR apparatus and perceptible effects [172]

L03 Markers / QR / NFC Environmental
Externalization

Garment/image targets [96, 152], QR
entry/alignment [86], and NFC touch-to-fetch [31]

L04 Architectural Framing Environmental
Externalization

Situated signs and apparatus [38, 41]; spatially
organized approach and interaction zones [42]

L05 Shared / Spectator
Displays

Device-Mediated
Signaling

Third-person views [50], prepared remote
inspection/annotation [118], and AR-to-phone
streams/copies [221]

L06 Device Audio Spill Device-Mediated
Signaling

Audible output and open-ear leakage [148];
designed light/tone concepts [28]

L07 Device Form Factor Device-Mediated
Signaling

Equipment, posture, and sensing indicators
[28, 46, 103]

L07A Face Displays / Reverse
Passthrough

Device-Mediated
Signaling

Wearer-state/attention display [33], outward touch
displays [77], and perspective-correct eyes [133]

L08 Bodily Behavioral
Signaling

Social-Behavioral
Transmission

Play and audience activity [89, 218]; task-switch
cues relevant to interruption [66]

L09 Social Invitation Social-Behavioral
Transmission

Explanation, handover, and co-located social
approaches [89, 153, 172]

L10 Internet / Social-Media
Circulation

Social-Behavioral
Transmission

Distribution and mediation of AR art [41, 190];
online accounts of public encounters [60]

L11 Public Layer Device-to-Device
Leaking

Discoverable spatial resources [45], shared anchors
[85], and federated mapping [16, 17]

L12 Proximity Discovery Device-to-Device
Leaking

Service discovery [219], gradual proximity
exchange [129], gaze/spatial pairing [40, 193]

L13 Wearable Responses Device-to-Device
Leaking

Nearby social matching [26, 52]; visual, audio, and
haptic guardian alerts on phones/watches [220]

Table 2. Leakage channels and supporting mechanisms. L01A and L07A are subordinate forms. Physical actuation

provides an adjacent precedent for the illustrative airflow channel.

Environmental externalization varies the disclosed payload: content and controls [98], spatial occupancy [105],
physical actuation [61], or entry/context information [42, 86]. Amarker can announce an opportunity while its resolution
requires another device; NFC supplies a deliberately close interaction [31]. The comparison concerns reach, equipment,
interpretability, and control over effects in shared space.

For L01, projecting selected content can make an otherwise private view available on a shared surface [76, 80, 212].
The designer then chooses how much content to externalize and whether the surface also accepts interaction. L01A
instead communicates a footprint: the shadow precedent concerns spatial awareness and collision avoidance, leaving
Manuscript submitted to ACM
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A Environmental Externalization 4 channels

L01: Projection L01A: Shadow Projection
Special case

ON

L02: Ambient Effects L03: Markers / QR / NFC

i

L04: Architectural Framing

B Device-Mediated Signaling 3 channels

L05: Shared / Spectator Displays L06: Device Audio Spill L07: Device Form Factor L07A: Face Displays /
Reverse Passthrough

Special case

C Social-Behavioral Transmission 3 channels

L08: Bodily Behavioral Signaling

Join us?

L09: Social Invitation

Local scene Remote viewer

L10: Internet / Social-Media Circulation

D Device-to-Device Leaking 3 channels

PUBLIC

L11: Public Layer
Shared World Model / VPS

L12: Proximity Discovery L13: Wearable Responses

Fig. 3. Leakage channels across four families: thirteen main channels and two subordinate forms, L01A and L07A. Multiple channels
can combine within an encounter.

the underlying interface partly undisclosed [105]. L02 raises a related interpretive question: a physical effect can reach
someone who cannot identify its digital cause. L03 can preserve detail behind a deliberate scan or touch, whereas L04
places the encounter within signs, apparatus, and approach zones [38, 42]. These alternatives distribute discovery work
between the environment and the observer; conspicuousness alone does not establish an understandable invitation.

Device-mediated signaling separates recognizing equipment [46], hearing activity [148], understanding wearer
attention [33], and inspecting content [50]. These disclose different information to different audiences. Concept
evaluations of multimodal indicators [28] and prototypes of outward displays [77, 133] offer different ways to make
wearer state and content perceptible.

An L05 spectator display also involves a choice of perspective: selected content, an external view, and a streamed
wearer view support different forms of inspection [50, 118, 221]. L06 may carry recognizable content or merely audible
evidence of activity; open-ear design makes outward leakage relevant alongside inward awareness [148]. L07 identifies
equipment without necessarily revealing what it is doing, while L07A adds a designed account of wearer state or a
surface for interaction [33, 77]. We consequently separate the device being noticeable from the experience being legible.
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Choosing a channel also means choosing whether to disclose activity, availability, attention, or content, and to whom
that disclosure is directed.

Social-behavioral transmission can be incidental conduct [66], audience attraction [218], or an addressed invitation
[172]. Circulation through AR-art networks [41, 190] may precede arrival: already knowing the layer exists changes the
starting condition. We therefore retain when awareness arose and whether a signal actually addressed the observer.

The fashion premise makes this distinction concrete: a friend’s reaction may reveal that something is happening
without revealing the garment or establishing the wearer’s willingness to share it. L08 can initiate curiosity, after
which L09 supplies an explanation or explicit offer [89]. L10 can similarly supply context before a local encounter,
but the circulated account and the experience available on arrival may differ. Our comparison asks what information
travels, through whose interpretation, and with what continuation path. Social mediation can bridge missing interface
information; it also makes another person’s availability and explanation part of the crossing arrangement [153, 172].

Device-to-device leaking separates finding a resource [45], recognizing an endpoint [40], authenticating it [193],
and receiving an alert [220]. Discovery itself can disclose identity or service information [200, 219]; privacy-preserving
authentication supplies an adjacent countermeasure [81]. Compatibility, enrollment, notification settings, and permission
determine who can continue.

L11 makes a resource addressable within some shared arrangement, raising the question of which devices can discover
and interpret that arrangement [16, 45]. L12 narrows discovery through proximity or association, but physical nearness
and a selected counterpart remain different criteria [40, 129]. L13 makes a machine-detected condition perceptible
through a wearable response [26, 52, 220]. The alert can announce a possibility while withholding its content. A single
encounter may therefore traverse several channels: bodily curiosity, a spoken explanation, proximity association, and
a received preview. Mapping this chain exposes where an observer needs additional equipment or information, and
where a new disclosure occurs before the next decision.

5.2 Facet 2: The crossing process, from discovery to exit

Spontaneous crossing unfolds through changes in the relationship between a person and another reality: becoming
aware of it, understanding an opportunity, negotiating access, participating, and eventually disengaging. Each transition
raises a different protocol question about what the person knows, what has been offered or agreed, and what they can
now do. Work on public engagement and cross-reality transitions motivates attending to these changing relationships
and their possible reversals [42, 130, 210]. This facet maps the decisions and dependencies along that process, including
routes that end with observation or refusal. It also asks how changes during participation reopen negotiation, and what
remains after access ends.

Figure 4 organizes Discover → Make sense → Request or invite → Agree on scope → Scoped crossing
→ Withdraw or exit. Engagement can transform or recede [42, 130, 218]; transitions can cross different reality
configurations [13, 210]. These are analytical decision points, with observation, refusal, return, and renegotiation
retained as branches.

Discover. A crossing opportunity first has to become perceptible through something outside the otherwise private
experience. The leakage choices and perceptual-boundary detail in Figure 4 connect this first transition to the channel
map in Section 5.1. Relevant precedents include visible actions and effects [171], signage [38], mobile-AR ambiguity
[103], and public-XR curiosity [155, 198]. We distinguish a cue being available, someone encountering it, and that
person noticing that another experience exists. These distinctions locate different design failures: an inaccessible cue,
an overlooked cue, or an ambiguous activity. Discovery need not disclose the experience itself. A protocol might expose
Manuscript submitted to ACM
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DESIGN CHOICES AT EACH TRANSITION

Leakage
channels

Environment
Device output

Human behavior
Device-to-device

Cue × audience

Interpretation

Context / purpose
Partial view / portal
People / footprint
Possible actions

Preview × disclosure

Initiative

Host / observer
System / agent
Named / nearby

Embodied / menu

Initiator × recipient

Access
agreement

Identity / resource
Read / edit / relay

Audience / purpose
Duration / context

Operation × scope

Execution

View / participate
Move / copy / lend
Alignment / format
State / enforcement

Capability × effect

Termination

Leave / narrow
Revoke / expire

Stop render / sync
Retain / delete

Ending × residue

ENCOUNTER / STATUS TRANSITIONS

Discover

Opportunity noticed

Make sense

Relationship legible

Request or
invite

Proposal addressed

Agree on
scope

Scope agreed

Scoped
crossing

Access active

Withdraw
or exit

Access ended / reduced

ALTERNATIVE PATHS AND CONSEQUENCES

Perceptual
boundary

Private layer → cue
→ outside observer

Available ≠ noticed
Missed / ambiguous

Observation only

Ask for explanation
Inspect a preview

Understand ≠ join
Stay outside

No accepted offer

Ignore / defer
Decline / clarify

Offer ≠ acceptance
No forced escalation

Negotiation

Narrow the resource
Who / what / when

Unresolved scope
Pause before access

Changing
conditions

Action / audience
Technical mismatch

Renegotiate / pause
Repair / retry

After departure

Revoke access
Copies may remain

Persistent state
Re-entry conditions

Return to scope negotiation

ACROSS THE TIMELINE: intentions • affected people • privacy • data custody • governing authority

Arrows mark possible transitions. Preview, invitation and agreement may interleave; participation can stop or narrow.

Fig. 4. The crossing process: design choices above, encounter transitions in the middle, and alternative paths below. Observation,
refusal, renegotiation, and retained state remain possible; transitions can interleave or stop.

only its existence, an approximate footprint, or a requestable preview [104, 105]. The question is what becomes available
to which potential observer, before any agreement to participate.

Make sense.Noticing an unusual reaction or display leaves open what is happening, whether observation is welcome,
and how to continue. Interpretation can use progressive disclosure [129], a view across a boundary [15, 114], or an
asymmetric spectator view [50, 98]. A preview therefore has at least two possible purposes: explaining the content and
explaining the relationship being offered. An observer might understand the outfit yet remain unsure whether touching
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it changes the wearer’s appearance. As G6 suggests, a cue also needs an intelligible next action. We retain observation
as a possible endpoint: understanding enough to appreciate an experience need not culminate in joining it [130].

A portal makes sensemaking spatially concrete. In Allow Me Into Your Dream, a handshake opens a preview into
the other person’s environment; the opening expands before passage, while the previous world remains visible across
the boundary [91]. This lets the proposed relationship be inspected through a partial view rather than inferred from a
device list. For our map, the design variables are what the preview includes, whether it permits inspection without
transfer, and whether releasing contact cancels the approach. A portal can explain an experience while still withholding
particular objects, identities, or capabilities; the visible scene alone does not explain every permission attached to entry.

Request or invite. An offer can involve explanation and handover [89, 172], an embodied proposal [91], or cues
supporting an interruption [166]. The initiative may come from the host, an interested observer, or a mediating system.
We ask how that initiative identifies its recipient and communicates the proposed operation. Endpoint selection [36, 40]
and authentication [62, 194] help establish which device or counterpart is involved; neither alone specifies whether
the offer is to look, interact, or copy. This stage also permits silence, refusal, and clarification. A technically successful
request can leave the social encounter unresolved, especially when the proposed recipient does not recognize an
invitation as addressed to them.

Figure 5 compares two ways of making an offer legible and acting on it, covering both sensemaking and invitation.
Apple’s official visionOS demonstration uses a recipient list and Share Window action; its guide separately requires
recipients to select Join [7, 10]. TouchPort instead proposes a bilateral handshake and pull [91]. The comparison concerns
how a counterpart is addressed, how an offer becomes legible, and where someone can withdraw. Physical contact is
itself a consequential request; a handshake does not authorize every subsequent action.

(a) Select a recipient and issue an invitation (b) Preview through an expanding portal

Apple WWDC25, session 318, 01:15 TouchPort, Figure 1c (detail)

Fig. 5. Invitation forms, shown side by side: (a) the sender-facing Share Nearby selection and Share Window action in Apple WWDC25
session 318 at 01:15 [7]; (b) the expanded portal preview following the handshake in TouchPort, Figure 1c [91]. The images illustrate
distinct ways to propose entry.

Agree on scope. Consent mechanisms depend on context and the operation being proposed [167, 216]. Agreement
must distinguish recipient, sender, represented person, and sensed bystander [46, 147, 180]. These positions can overlap,
but approval from one does not describe everyone else’s position. In fashion, receiving an outfit, changing its local
rendering, and changing what other observers see are different candidate agreements [121, 182]. A protocol can negotiate
Manuscript submitted to ACM
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these together or progressively as further actions become relevant. Our mapping asks which commitments are explained
before crossing, which remain adjustable, and what happens when the parties agree to different scopes. An unresolved
negotiation need not default to either full access or complete disconnection.

Cross within scope. Access can grant viewing or editing [182], a stream or independent copy [221], or an object
transition [39]; spatial alignment remains a separate dependency [95, 134, 138]. We therefore specify what actually
crosses: a person’s participation, a representation, an object, or a capability over it. Sharing a view does not necessarily
make both participants members of the same session, and a transferred object need not retain an ongoing connection to
its source. Comparing configurations requires identifying the receiving environment, the permitted effects there, and
the parties able to change them. A later request to edit or relay content returns the encounter to a scope decision, even
when the initial crossing was seamless.

Withdraw or exit. Departure separates experiential disengagement [110, 158], ending temporary sharing [129],
revoking future access [182], and managing stored or persistent material [45, 126]. Withdrawal can occur before entry:
in TouchPort, releasing the handshake can abort the approach [91]. After entry, a person can stop looking while a
session remains connected, or disconnect while a received copy persists. A protocol must specify which of these ends
when someone leaves, what action communicates that ending, and whether the other party receives an intelligible
indication. Exit can also be partial: a participant might stop interacting while retaining a spectator view. The process
map consequently compares termination and reduced participation alongside continued involvement, without treating
deeper engagement as the preferred outcome.

5.3 Facet 3: Intentionality spectrum

The encounter involves more positions than willing and unwilling. Hu et al. [90] distinguish six wearer and seven
non-wearer positions. Figure 6a illustrates these varied intentions; Figure 6b develops them into a protocol-oriented
repertoire. Here, spectrum denotes possible relationships, with observation, refusal, and participation treated as
distinct outcomes rather than ranks.

The host’s spectrum includes indifference to being seen, keeping activity private, seeking social acceptance
without sharing, explaining the experience, and inviting participation through different devices [90]. These alternatives
distinguish social visibility from access to content. A wearer may accept bodily observation but withhold a spectator
stream, or explain a game without opening its session. Public gesture acceptance and performer preferences likewise
vary with setting and audience [3, 4, 179]. Broadcasting an outfit can consequently express a wish to be appreciated
without a wish to converse, be recorded, or allow modification. The protocol should specify which relationship the host
is offering.

The observer’s spectrum separates unawareness or indifference, tolerance, disturbance, curiosity, mediated
spectatorship, and intended participation [90]. Knowing that a game exists does not imply wanting its content; wanting
an explanation differs from wanting a phone view, and both differ from becoming a player. An affected passer-by may
seek relief from obstruction while having no interest in the experience itself. Public engagement research supports
retaining changing and peripheral positions [42, 130, 218]. Interruption can seek the wearer’s attention for an unrelated
purpose [66, 148, 166]. Treating every approach as recruitment would erase this possibility.

Being affected does not imply wanting to join. A person can be unaware of an augmentation yet be sensed,
represented, avoided, or approached because of it. This is a relationship to the encounter’s consequences, not a position
on a scale of willingness. G2’s discussion makes a passer-by an obstacle in someone else’s game; the illustrative
G9, Invisible Target, explores how invisible game activity can disrupt ordinary movement. Someone may want an
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(a) Positions reported by Hu et al., redrawn

HMD WEARERS NON-WEARERS

W1 I don't care about how people
see me with HMD.

W2 I don't want other people to
know what I am playing.

W3
I only need social acceptance

but no interest to share my MR
game.

W4
I want the non-wearers to play

with us! I am eager to tell
others about the game we are

playing!

W5
I want to invite the non-

wearers to join the game. They
have phones! Not bad!

W6
I want to invite the non-

wearers to join the game. They
have headsets! Awesome!

N1Don't know what they are doing
& I don't care.

N2
They are playing some MR. No

interest in the game. I am
just OK with that.

N3
Don't know what they are

doing. Weirdo! I feel
offended, embarrassing.

N4Very interesting. What are you
playing? Show me!

N5I want to watch and record the
AR using my phones!

N6
I want to join the game with
my phone and play together

with them!

N7
Ahhhhh I want to join the game

and I brought my headset
today!

Statements are quoted from the positions reported by Hu et al.; the scene is redrawn
and does not assign a position to any individual figure.

(b) The same positions developed into a protocol-oriented repertoire

Intentionality as a repertoire of positions

Adapted from Hu et al.; positions are not a validated scale or a required sequence.

HOST / WEARER

Unconcerned
about being

seen

Protect
activity
privacy

Seek social
acceptance;
keep private

Explain or
show the

experience

Offer
handheld

participation

Invite
headset

participation

OBSERVER / POTENTIAL RECIPIENT

Unaware /
indifferent

Aware;
uninterested
but tolerant

Disturbed;
seeks relief

Curious;
asks for an
explanation

Wants a
spectator

view

Wants to join
with a

handheld

Wants to join
with a

headset

Specify separately: operation  |  audience / relationship  |  disclosure  |  device capability

Unknown and changing intentions stay visible. Observing, recording and joining are different operations.

Fig. 6. Wearer and non-wearer intentions. (a) The six wearer (W) and seven non-wearer (N) positions reported by Hu et al. [90], with
their statements quoted verbatim. We redrew the scene rather than reproducing the original figure, and it therefore does not assign a
position to any individual figure in the drawing. (b) Our analytical development of the same positions: read each row as a repertoire
rather than an ordinal ladder. Operation, audience, disclosure preferences and available equipment qualify each position; unknown or
changing intention is not silently classified as agreement.
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explanation, continued passage, or an effect to stop without wanting a preview or membership [46, 90, 147]. The
intentionality facet therefore records both desired participation and desired protection from effects. Unknown intention
cannot be replaced by the host’s interpretation of a person’s presence.

Participation, disclosure, and equipment are separate dimensions. The source distinguishes joining through a
handheld device from joining through a headset. We retain this difference as a participation configuration, without
interpreting the headset as evidence of stronger willingness. Someone can strongly want to join but lack compatible
equipment; someone already wearing a headset may prefer to observe. Likewise, a spectator can want to record, while
a player can refuse recording. Depiction [25, 180], sensing [1, 2], and object manipulation [167, 182] each introduce
another operation whose intention must be specified. Wearers’ balance between immersion and awareness adds a
further contextual condition [117, 149].

Bilateral compatibility is negotiated across these positions. An eager sharer can meet an indifferent passer-by;
a curious observer can approach someone protecting privacy; two willing participants can disagree about recording.
Rather than assign an intention to a channel, we ask what each party seeks from this particular operation, audience,
and moment. L08 bodily activity may invite curiosity without intentionally soliciting it; L05 may satisfy spectatorship;
L09 may support either an accepted or declined invitation; L12 may advertise a service before its owner expresses
interest. G4’s mutual-matching proposal makes reciprocal interest relevant but does not settle all later uses. Unknown
intention, silence, and inferred availability remain distinct from an explicit agreement [111, 216].

The spectrum therefore changes what counts as a supported outcome. A protocol may enable explanation without
access, access without joint activity, participation without recording, or refusal without losing unrelated connectivity.
We compare how easily parties can state, revise, or withdraw these positions and how the counterpart learns of that
change. This keeps changing or unknown intentions visible in the protocol, including a request to contest an effect
without entering. Section 6.2 develops the implications for people whose surroundings remain affected after they refuse
or leave.

5.4 Facet 4: Reality Access Control: broadcasting, privacy, permission, and consent

Reality Access Control asks who can access which part of a reality, perform which operation, under what
conditions, and through whose enforcement. Broadcasting specifies an exposure arrangement; privacy concerns
collection and use; permission specifies an authorized capability; consent concerns the relevant parties’ agreement
[147, 180, 182, 216, 219]. A public announcement, an accepted invitation, and permission to modify an object are
consequently different decisions. Figure 7 organizes the dimensions.

Granularity determines what sharing means. ShareAR explicitly distinguishes per-user and per-object viewing
and editing permissions, including outgoing sharing and incoming acceptance [182]. These distinctions extend the
question from “may this person enter?” to “may this person inspect this object, alter this property, or send it elsewhere?”
A window can expose a rendered stream while leaving its underlying application state inaccessible [221]. A spatial
object can expose geometry while withholding behavior or ownership metadata. For G1’s outfit, publishing to a public
layer, transferring garment data, and executing its code involve different permissions; approval for publication does
not settle the receiver’s consent. User concerns and expert elicitation support examining these boundaries explicitly
[121, 167].

Broadcasting requires a specified payload and audience. A protocol may announce only that a layer exists,
offer a coarse footprint, publish a preview, or distribute full content [45, 104, 105]. The audience may be named people,
a group, nearby compatible devices, or anyone encountering a physical display. A public cue therefore need not expose
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Reality Access Control: what, who, which operation, under what conditions?

RESOURCE
Person / reality ID • object

Window region • sensor stream
Map / anchor • agent

PRINCIPAL + AUDIENCE
Owner • recipient • application
Delegate / agent • third party
Named person, group or public

OPERATION
Discover • preview • read / render

Edit • move / copy / lend
Execute • record / relay • delegate

CONDITIONS
Purpose • location • duration

Explicit grant • negotiated scope

DATA CUSTODY
Local • peer • provider • federation

Payload ≠ identifier ≠ registry

ENFORCEMENT
Input filter • object service

Receiver / OS • token verifier

Example: a rock on shared ground
Visible to passersby ≠ claimable; pickup may mean move, copy or temporary loan.

Specify the authority that checks and commits the transfer, and what withdrawal can undo.

Fig. 7. Reality Access Control as intersecting resource, principal, operation, condition, custody and enforcement choices. The rock
example is an author-developed comparison: public visibility alone does not determine whether pickup means moving, copying or
borrowing an object, or who can authorize the operation.

a stable personal ID, and identifying a reality need not reveal its contents. Selective discovery can reduce information
exposed before admission [81, 219], while projection and audible output can reach people who never opted into the
digital session [76, 148]. We ask what crosses the boundary before agreement and whether the resulting exposure can
actually be limited at the receiver.

Authority attaches to operations and affected parties. The sender controls an outgoing offer; the recipient
controls acceptance and rendering; a represented or sensed person may have interests neither endpoint can settle alone
[46, 145, 180, 182]. Privacy Equilibrium explores negotiation among conflicting sensing preferences through simulation
and walkthroughs [168], highlighting negotiation among affected parties. For an agent, granting permission to negotiate
availability need not grant access to private memory or authority to accept every invitation. Delegation research
distinguishes the human principal, acting agent, and permitted scope [197]. Our extension asks which reality-level
actions can be delegated and when another decision is needed.

Policy models offer alternative ways to express these choices. Named-user or object lists can specify who
may view or edit [182]; attribute-based policies can evaluate the requester, resource, operation and current conditions
[92, 107]; scoped tokens can carry delegated authority [91, 197]. A role such as spectator or moderator can summarize
permissions, but its meaning still needs to be defined across services. The map asks which model fits a particular
Manuscript submitted to ACM
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encounter and how grants can be inspected, narrowed and revoked. It does not treat a policy engine as a substitute for
understandable offers or agreement.

Custody and enforcement may be distributed. The payload may remain on a device, be streamed peer to peer,
reside with a cloud provider, or be retrieved from an independently administered store [16, 45, 91]. Its identity record,
permission metadata and spatial anchor may have different custodians. Local storage does not prevent later disclosure,
and cloud storage does not imply public access. Input filtering [107], map-query policies [223], object-sharing controls
[182], and receiving-side output mediation [120] enforce different boundaries. This separation makes it possible to ask
where a refusal is checked and which downstream copy or service remains outside that check.

A dropped object makes the choices concrete. Suppose someone places a virtual rock on shared ground. Another
person might see it yet lack permission to pick it up, obtain a copy while the original remains, borrow it until the
encounter ends, or acquire the only authoritative instance. TouchPort discusses move, copy and lend semantics and a
public-layer transfer scenario [91]; psychological-ownership research shows why visibility and perceived possession
should not be conflated [162]. This illustrative extension makes the distinction between visibility and transfer concrete.
Making such a protocol concrete requires naming who authorizes pickup, whether two recipients can claim the same
instance, where the change is committed, and what happens if the connection fails midway.

Refusal, expiry and revocation have different scopes. A person may decline one invitation, block one source,
stop rendering, withdraw a capability, or leave the session. These actions differ in effort, social cost and lost functionality
[2, 111, 216]. G2’s connectivity-shutdown response makes selective refusal especially salient. A grant may expire while
a recorded view remains; a live stream may stop while its source object persists [126, 129, 221]. We therefore record both
the operation that ends and the material that survives. Revoking future access cannot by itself undo an independent
copy already received.

5.5 Facet 5: Governing interoperability across plural realities

Interoperability asks which parts of an encounter different systems can recognize, exchange, and govern
together. Spontaneity concerns how people encounter a reality they did not already know about; heterogeneity
concerns differences in devices, applications, services, and rules. These conditions vary independently. Two users of the
same game can meet unexpectedly while inhabiting separate private layers, and two people can arrange a meeting
across incompatible platforms. The design space covers both: discovery and agreement remain necessary within an
ecosystem, while crossing its boundaries can introduce further coordination requirements.

Locate the boundaries before specifying access. “The same platform” may mean the same application, operating
system, vendor ecosystem, content service, or spatial cloud. These are overlapping arrangements, not equivalent
guarantees of compatibility or permission. Figure 8 identifies what may already be shared and which access decisions
remain. It separates the recipient’s capability to receive something from the authority to provide or use it [27, 182, 214].

Reconcile the information needed for the agreed operation. Figure 9 distinguishes spatial reference, repre-
sentation, rendering and behavior, permission interpretation, and state continuity. For spatial reference, exchanging
coordinates is insufficient when devices use different origins, maps, or tracking assumptions [95, 134, 138]. A shared
anchor can align an encounter without granting access to the entire spatial map [223]. For representation, glTF supports
asset delivery and OpenUSD supports scene composition, while scene-change exchange supplies another component
[47, 159, 202]. A common format does not settle how an object behaves or who controls its authoritative state; an
OpenUSD layer is not automatically a socially governed reality layer.
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What a shared arrangement provides, and what it still leaves to specify

Rows can apply to one encounter at once. They are not a progression from private to public, or from planned to spontaneous.

SHARED ARRANGEMENT WHAT IT MAY PROVIDE ACCESS DECISIONS STILL TO SPECIFY

Same application,
separate users or layers

Common object types
and interaction rules

Who may discover or enter a session, see a private
object, edit it, or invite others? Membership of an

app does not grant every operation.

Different applications,
one device or OS

A common runtime and
system mediation

Which app exports which representation, which app
receives it, and which operations the system permits

across application boundaries.

Different devices,
one vendor ecosystem

Supported identity, invitation
and sharing services

Device eligibility, participant acceptance, app
capabilities, content rights. The same vendor need not

mean the same OS or supported interaction.

Same app or content
service across ecosystems

Service accounts, resource
identifiers, service-level rules

Which grants each client recognizes, what it can
render or modify, and what fallback preserves the

agreed scope.

Same AR cloud or
spatial service

A localization, anchor,
discovery or storage service

Separate authority to query spatial resources, read
content, publish, update or delete. Shared coordinates

do not establish shared content access.

Independently administered
services or platforms

A negotiated exchange
or federation

Recognition of identities and grants, translated
operations, state authority, revocation, and

responsibility when policies conflict.

Fig. 8. Infrastructure arrangements and the access questions they leave open. Several rows can apply to one encounter; they are not a
progression from private to public or from planned to spontaneous.

Rendering and behavior can therefore require a negotiated fallback. G5’s common-format proposal still encounters a
device unable to load the scene. A static preview, simplified object, or spectator stream changes what participation
permits, and should be compared against the intended interaction [94, 185, 214]. Receiving systems also mediate unsafe
output and conflicts between applications [119, 120]. A sender’s wish to preserve appearance cannot determine the
receiver’s accessibility or safety settings.

Recognize a grant across boundaries. A receiver must interpret an authorization’s issuer, recipient, resource,
operation, conditions, and lifetime [182, 197]. Localization credentials need not authorize downloading or executing a
garment. If one provider offers viewing while another permits copying, transfer has not preserved the agreement: a
narrower operation, renegotiation, or refusal is needed. The comparison names where each decision is checked; state
coordination separately determines whose update counts and how interrupted actions are resolved [47].

Specify custody and continuity. Names, anchors, objects, grants, and sessions can have different lifetimes and
custodians. Apple’s shared world anchors end with sharing [7], while later invitations can trigger collaborative map
building under a previously accepted relationship for up to 45 days [9]. The latter is a condition on subsequent encounters
Manuscript submitted to ACM
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Governing interoperability across plural realities

CROSSING REQUIREMENT WHAT MUST BE AGREED? WHO CAN ENFORCE / CONTEST IT?

Spatial reference Frames, scale, anchors, map access, uncertainty Devices • map hosts • place stewards

Object representation IDs, assets, scene structure, versions, behavior Apps • format bodies • publishers

Rendering and action Supported features, fallback, collision, effects Receiving runtime / OS • participants

Permissions and state Recognized grants, writers, ordering, conflict repair Issuers • receivers • state authority

Lifetime and custody Expiry, replicas, persistence, deletion, migration Hosts • maintainers • affected people

Architecture choices cross every requirement above

Device-local
or live P2P

Private-provider
cloud

Personal /
community store

Federated
providers

Ledger registry +
separate payload

Temporal status: encounter-only / retained / migratable    •    Governance: operator / rule-maker / objection / repair

Fig. 9. Interoperability and governance across plural realities. Each row identifies a requirement, the information or rules to reconcile,
and potential decision holders. The architecture choices below cut across all rows: a deployment can combine local state, a provider
cloud, federation and a registry. Persistence and legitimate authority are not guaranteed by any single architecture.

with the same participant and location, not a map-retention period. Figure 10 separates storage arrangements from
maintenance and authority.

Allocate authority beyond service administration. Devices can restrict sensing or output, apps can control
membership and objects, and service operators can administer discovery and custody [107, 119, 182]. People represented
or affected by an encounter may control none of these systems [142, 145, 163]. For each arrangement we therefore
distinguish who sets a rule, who enforces it, who has standing to object, and who can provide a remedy. Technical
administration alone does not answer those questions [58, 65, 69, 191].

A limited encounter profile can specify resources, coordinates, fallbacks, grants, state authority, lifetime, and
withdrawal while preserving independent layers [34, 87]. Who can contest its effects remains consequential even within
one app or cloud [173, 215].
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Candidate custody arrangements, which can coexist

Registration, hosting, access, and responsibility for maintenance are separate design decisions.

Device-local /
live peer-to-peer

Local source and
synchronized peers.
Persistence needs a
retained replica or

a later host.

Which peer is
authoritative, and what

happens when it
disconnects?

Private-provider
cloud

A provider stores
assets, maps, or

session state.

Who can export, migrate
or delete resources when

terms or availability
change?

Personal /
community store

Independently
administered

resources.

Who maintains the store,
grants access, and
represents affected

people?

Federated
providers

Independently managed
resources connected

through shared
conventions.

How are overlapping
regions, conflicting

policies and unavailable
providers handled?

Registry with separate
payload custody

record payload

Registration and
identifiers are distinct

from assets and
live state.

Who may amend a record,
and who keeps its
referenced content

available?

STATE AND CONTINUITY TO SPECIFY

GOVERNANCE AND FAILURE QUESTIONS

Fig. 10. Candidate custody arrangements, which can coexist. Registration, hosting, access, and responsibility for maintenance are
separate design decisions.

5.6 What mapping adds: a workshop proposal revisited

The two stages divide the work differently, and one exchange shows the division concretely. A team working the City
& City scenario (G5) set out to let people in two separate ecosystems see the same scene. It proposed a public cloud
that either side could reach, and then a common format so that the scene would render identically across them. The
red team asked how it would be decided which users may access it. The blue team answered that the code should be
uploaded for review, and that access to the public layer would follow once the review passed.

Read through the facets, that single answer merges three decisions. Reviewing an uploaded artifact asks what is
checked, against which criteria, and by whom, which is a question about shared representations and the authority that
maintains them (Section 5.5). Admitting a person asks whose permission is recognized and how it is enforced against
a particular requester (Section 5.4). Choosing what a receiving system renders asks what actually crosses and what
fallback applies when a device cannot honor it (Sections 5.2 and 5.5). A passing review can certify that a scene is safe to
load. It cannot say who may enter, and it does not settle what any given receiver should display. Appendix B (Table B1)
records this concern; separating the three decisions is what the map contributes to it.

The separation changes the arrangement rather than only annotating it. Once admission is its own decision, the
proposal needs a party that recognizes a request, a route for refusing one, and an account of what happens to a person
who is refused, none of which an artifact review supplies. The team’s own next turn indicates that the merged answer
does not hold: asked how a public scene and a personal one would be kept apart, the team introduced selectable layers,
Manuscript submitted to ACM
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so the rendering decision reappeared as soon as the admission answer was pressed. Mapping makes that separation
available before a further challenge forces it, and it carries the unresolved part forward as a question the next round
can take up.

Futuring produced the question and a first answer; mapping separated the decisions that the answer had collapsed
and returned a revised arrangement to the next round. We present this as an exploratory approach. It is a resource for
further Protocol Futuring rather than a validated design procedure, and its usefulness in design practice remains to be
tested.

5.7 Walking through SharePlay and TouchPort

We apply the five facets to Nearby SharePlay and to TouchPort’s handshake-and-pull proposal. This author-led
walkthrough compares documented platform features with a reported proof of concept whose permission-negotiation
interface uses Wizard-of-Oz [7, 8, 10, 91]. It examines decisions and open questions; it does not evaluate performance
or user experience, and neither system was studied with participants here.

Consider a passer-by who sees someone gesturing toward apparently empty space and asks to encounter the
augmentation. The initial clue is bodily activity (L08), followed by a social approach (L09). Neither a recipient-selection
menu nor a portal preview explains this prior noticing by itself. Figure 11 follows the encounter across all five facets.

The five facets applied to a deployed platform and a research proposal
NEARBY SHAREPLAY / WINDOW SHARING

documented platform behavior
TOUCHPORT

reported two-device proof of concept

Leakage and
discoverability

System UI lists eligible nearby recipients.
Code-based pairing covers non-contacts;
human communication makes that route

discoverable.

Presence cues precede the hand gesture,
and the handshake opens a portal preview.

Dedicated bystander indicators are
proposed but not implemented.

Crossing
process

Select or pair, invite, accept, share.
Shared world anchors have a session-bound

lifetime; application data needs its own
lifecycle decision.

Approach, handshake and preview, pull,
explore, release. Release can abort before

entry; later termination is tied to the
proposed sharing terms.

Intentionality
A sharer initiates and recipients choose

whether to join. Moving a shared window
can be available without interacting with

its underlying app.

Reciprocal grasp is treated as agreement.
What a greeting, a refusal of touch, or a
wish only to inspect would mean is left

open.

Reality Access
Control

Selected-window sharing differs from an
app-supported collaborative activity.

Shared coordinates do not synchronize
application state; the app specifies that.

Scoped rights are distinguished, with move,
copy and lend operations.

The negotiation interface remains
Wizard-of-Oz.

Interoperability
and governance

The platform supplies session and spatial
coordination; applications remain

responsible for shared state. Compatible
ecosystem support is a condition.

The implementation uses Meta Quest 3 and
Meta spatial anchors. Grant recognition
across independent providers remains a

further design problem.

Neither column reports how an initially unaware bystander experiences these arrangements.
The columns carry different evidential weight and are set side by side for comparison, not as equivalent evidence.

Fig. 11. An analytical walkthrough across the five facets. TouchPort descriptions refer to its protocol and implementation account
[91]; questions about alternative interpretations and extensions are our analysis. Neither column establishes how an initially unaware
public bystander experiences these arrangements.
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First, make the encounter discoverable without assuming entry. Code pairing supports SharePlay encounters
between non-contacts; it does not explain how someone learns that sharing is possible. TouchPort’s embodied offer
also needs to be understood before it can be accepted or declined. Adding an outward cue could improve noticing
while disclosing activity to others. A further futuring round can examine the cue’s audience, content, and refusal route
together.

Second, change the operation and revisit the agreement. Suppose the passer-by wants to handle an object.
Repositioning a SharePlay window differs from changing its application’s state; selecting a loan, copy, or move in
TouchPort changes state and permission requirements. A gesture or an invitation cannot explain all these consequences.
A candidate repair is an operation-specific offer, examined jointly through intention, resource, authority, and exit: who
authorizes it, and which receiving systems can honor it?

Third, test departure and effects on others. Ending participation can stop live exchange while leaving edited or
copied material, platform relationships, or physical disruption to be addressed separately. A person without compatible
equipment may still need to pass through the occupied space. The next protocol question is therefore not only how a
participant leaves, but how someone outside the session can request an explanation or relief. An accountless reporting
route or a physically perceptible contact point would introduce its own operator and response obligations. These are
proposed extensions for further futuring, not capabilities established by this comparison.

The map supports starting with an offer, changing one condition, and tracing which decisions need revision.
Further Protocol Futuring can contest platform defaults, application choices, and participant agreements with affected
stakeholders, exposing omissions before a repair commits the encounter to a wider arrangement.

6 Discussion

6.1 Spontaneous crossing in the wild

Spontaneous crossing brings questions of awareness, willingness, and the meaning of an invitation into the encounter
itself. Shared infrastructure can prepare some conditions, but an unplanned encounter within one app still requires
these understandings. Heterogeneity adds questions about whether representations, permissions, and state can travel
between systems; it can also arise in planned meetings. Our contribution connects these concerns across collaborative
MR, participation journeys, spontaneous consent, and encounter protocols [54, 91, 130, 216]. The design space makes
their dependencies available for examination when neither prior agreement nor compatible infrastructure can be
assumed.

Across the discussions, a local repair reallocates work and decision rights. G1’s code-review proposal introduces
a reviewer and an operating incentive; its common format introduces obligations toward changing devices. G2’s
suggestion to refuse participation by disabling Bluetooth and Wi-Fi instead places the cost on the passer-by, affecting
connectivity beyond the encounter. These moves showwhy an arrangement’s convenience must be considered alongside
who sustains it and who bears its costs. Comparing facets makes these allocations explicit: a discovery mechanism,
access grant, or compatible format leaves responsibilities elsewhere in the encounter that require further decisions.

The map supports a repeatable inquiry: hold an encounter goal explicit, compare arrangements, and trace the
obligations introduced by each. If a brief view meets the goal, a bounded offer can avoid making custody of an editable
object and modification rights prerequisites; handling, retaining, or redistributing it requires reconsidering those choices
and their exit conditions. This connects mapping back to Protocol Futuring: subsequent discussion can address specific
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unresolved decisions with those expected to authorize, maintain, or experience their consequences. Whether this
analytical use improves design practice remains an empirical question.

6.2 Discoverability, permission, and governing plural realities

Discoverability requires some disclosure before someone can decide whether to engage. In G6, signs and lightweight
notifications respond to the unwanted interruption of automatic history, yet still reveal activity and claim attention.
G1 likewise distinguishes publishing an outfit from permission to receive it. These cases motivate staged, limited
disclosure whose scope can be reconsidered as an encounter develops [147, 216]. Complete invisibility has costs too:
public expression needs routes to an audience [190]. The design question is what becomes perceptible to whom before
each decision, and what remains available to refuse.

Agreement among participants does not cover everyone affected. G2’s play discussion represents a passer-by as
an obstacle; the illustrative G9 extends this concern to players obstructing passage while following invisible objects.
Someone can remain outside the session while being sensed, represented, or impeded. Independent platforms still share
physical surroundings, where their effects can accumulate. Following DiSalvo [49], we understand publics through
the consequences around which people may organize, extending attention beyond a platform’s members or audience.
We therefore argue that being affected should establish standing to seek explanation and review, independently of
membership. This is a normative implication of the analysis, rather than an evaluated provision.

Such standing requires an accessible response. A person without an account or glasses could report a location
and effect through a place steward or ordinary contact route, receive an explanation from the responsible operator,
and request review. Discoverability here includes finding who can respond, without exposing an entire private layer.
An objection cannot automatically confer a right to delete: obstruction, unwanted representation, and disagreement
with public expression require different remedies. Uninvited Gallery and Public Canvas highlight the danger of giving
a venue or platform unilateral control over expression, a tension also raised in site-specific AR activism [142, 191].
Response procedures must therefore make both responsibility and grounds for decisions contestable.

Protocols can give these provisional arrangements a concrete form [88]. G5’s question about who sets fair relay rules
extends to specifying access, custody, responsibility, and procedures for contesting and revising decisions. Implementing
those procedures requires institutions able to respond. Infrastructure dependencies in Internet Protocol revision [141]
and resistance to human-rights advocacy within the IETF [32] caution against expecting smooth convergence. Successive
protocols may emerge through trials, disputes, and uneven adoption; widespread implementation would not establish
public acceptance. The map provides a resource for examining each revision: which encounters it enables, whose claims
it recognizes, and where it relocates burdens or leaves effects unaddressed.

6.3 Limitations and future work

One workshop with 40 students in an HCI classroom provided a situated opening of the space. Author facilitation,
prompts, and preparatory materials shaped the discussion; selective literature comparison shaped its organization into
five facets. Other perspectives and arrangements may remain outside this vocabulary. Four prepared scenarios were
not taken up by any team, so the recorded material covers six of the ten tracks. The first author produced the initial
articulation of the recorded exchanges, with co-author review but without independent coding, so the grouping in
Appendix B reflects one reading of the records. Most participants reported no prior XR use, which limits what the
discussions can say about experienced wearers and about people who have already encountered public AR. The cases
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and analytical walkthrough support reasoning about dependencies, but do not establish saturation, technical feasibility,
practical usefulness of the map, or public acceptance of a protocol.

Successive Protocol Futuring workshops should bring students and HCI researchers into dialogue with industry
practitioners, governance specialists, place stewards, and affected nonparticipants. They should examine whether the
map reveals overlooked parties or consequences, supports reasoned revisions, and encounters questions its facets
cannot express. Iterations can assess conceptual saturation within a stated scope. Public-setting prototypes should then
examine whether offers are understood, withdrawal has the promised effects, and people who never join can obtain
a response. This would evaluate both the map’s contribution to deliberation and the consequences of arrangements
developed through it.

7 Conclusion

Spontaneous crossing offers a way for people to encounter one another’s mixed realities while retaining different views,
preferences, and boundaries. Through protocol futuring [88] across ten scenarios and literature-informed mapping,
we developed an initial protocol design space of spontaneous crossings into mixed reality. The project shows how
a desirable encounter can generate questions about compatibility, authority, and responsibility as its proposed rules
develop.
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A Protocol Futuring Portfolio

Table A1 presents the ten prepared scenarios, G1–G10, with their inspirations, team prompts, and five blue/red pairs.
This appendix is illustrative, not evidential. G1’s five pairs reconstruct the author-facilitated AR-fashion account

described in Section 4.2. The dialogues shown for G2–G10 are generative-AI expansions of the prepared prompts: they
illustrate the kind of argument each scenario invites, and they do not report what any team said. The analysis in
Section 4 rests on the recorded team exchanges, not on these dialogues. Four of these scenarios (G7–G10) were
prepared but not taken up by any team, so no team recorded an exchange for them.
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Table A1. Protocol Futuring portfolio: scenarios G1–G10 with illustrated starting situations and cited inspirations (left), with team
prompts and ten-step worked explorations (right).

Scenario Ten steps

G1. AI Fashion

Scenario. A person wears a digital outfit
that appears through AR glasses. A friend
can see it and stops to admire it, but a
passerby sees only the friend’s reaction.
The wearer would like interested strangers
to enjoy the outfit too. Making it visible
raises a practical question: how can
something published in one person’s reality
enter another person’s view?
Inspired by Hyper-Reality [131].

Blue goal. Help a willing passerby discover and see the outfit.
Red question. How do they notice it? Who decides how it appears?
B1. I want passersby to see my augmented outfit. The clothes express my style,
and I would like people around me to appreciate them.
R1. But others cannot see the outfit by default. Where would they find it, and
through which layer could their devices display it?
B2. We could create a public layer for AR fashion. Wearers could publish their
outfits there for other people to encounter.
R2.Why must passersby download your garment? Who consented to receiving
it? What if its code is malicious or its resource package is very large?
B3. We could set rules and review all garment code before upload, checking
what enters the public layer before it reaches viewers.
R3.Who controls the layer and reviews the code: government, a fashion com-
pany, or the app provider? What incentive supports that work?
B4. A private company could operate the public AR cloud, like an online
discussion space. Running the service would provide an incentive to govern its
content.
R4. If several companies operate separate public AR clouds, can I wear the same
outfit across them? How would those services become compatible?
B5. We could adopt a common garment format so that a given outfit retains its
appearance when crossing between platforms and clouds.
R5. Will the format change as devices improve? What happens when older
devices cannot support the new version?

G2. Street Magic

Scenario. In a public square, people
wearing AR glasses dodge and cast spells at
one another. An approaching passerby sees
their movements but none of the magic,
and would like to understand or try the
game. Other people simply need to cross
the square. Opening this activity to
newcomers must also account for different
devices and people who never choose to
play.
Inspired by dueling scenarios in Harry
Potter.

Blue goal. Let a passerby understand, watch or try the game.
Red question. Does watching count as joining? What about other devices or
refusal?
B1. A screen beside the game could show spells and explain the rules. Passersby
could understand the activity before deciding whether to try it.
R1. If I approach that screen, am I now a player or target? Wanting to watch
does not mean agreeing to be attacked.
B2. Watching would remain untracked and separate from playing. Only some-
one who explicitly accepts a temporary player role could become a target.
R2.My borrowed glasses show spells without team colours or attack ranges.
How can I understand the player role I have just accepted?
B3. Before joining, we could preview the cues each device supports and explain
leaving. If essential cues are missing, we could offer a noncombat trial.
R3. That lets me try something, but people with older glasses remain spectators
while others enjoy the real game. Is that meaningful participation?
B4. The group could choose an unranked round using only spells everyone’s
devices display. Players would agree together to this simpler version.
R4. The players understand one another, but their dodging blocks someone
pushing a pram. That person has not agreed to negotiate with the game.
B5. We could mark a play area and keep a passage clear. A named organizer
would pause play whenever it spills into that passage.
R5. Who takes responsibility when friends start an improvised game? If the
organizer leaves, does play stop, or does the burden return to passersby?
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Table A1 continued: Protocol Futuring portfolio

Scenario Ten steps

G3. Shop with Agents

Scenario. A shopper enters a shop with a
personal AI assistant. The shop offers its
own assistants for product advice and
checkout, which could exchange
information with the shopper’s assistant.
The shopper wants useful help without
handling every detail. However, entering
the shop or connecting to its network does
not clarify which assistants are genuine or
what they may agree to.
Inspired by the shop-agent encounter in
Agents [132].

Blue goal. Let your agent read useful information and buy within your author-
ity.
Red question. Does Wi-Fi imply entry? How far can your agent agree for you?
B1.My assistant could ask shop assistants about suitable products and compare
their answers with my preferences, saving me a search through every shelf.
R1. Any nearby assistant might claim to represent the shop. How would yours
distinguish a genuine sales assistant from someone impersonating one?
B2. A fixed shop terminal could list recognized assistants and their roles. My
assistant would check that list before exchanging information with them.
R2. A recognized checkout assistant asks for a deposit. Knowing it represents
the shop does not mean I authorized my assistant to spend money.
B3.We could separate permission to read, inquire, reserve, and pay. My assistant
would request confirmation before taking on a new cost or commitment.
R3. If every ordinary purchase interrupts me for confirmation, what work has
the assistant saved? I wanted help with routine decisions too.
B4. I could approve product categories and spending limits in advance, excluding
subscriptions and renewals. The assistant could complete purchases within
those boundaries.
R4.An affordable order ignores my dietary requirements. Who fixes the mistake
when both assistants insist they followed their instructions?
B5. The order could retain my conditions and the shop’s offer. Shops accept-
ing automatic purchases would agree to returns for orders violating those
conditions.
R5. A small shop may lack resources for that process. Would your assistant
stop considering it, making convenience depend on excluding less resourced
sellers?

G4. AR Qupid

Scenario. Two people sit in the same café
without noticing each other. Their personal
assistants could identify shared interests
and suggest an introduction. Such help
might create a welcome encounter, but
discovering a possible match already
involves information about both people.
Someone may want company without
publicly advertising that wish, or may
prefer to remain undiscovered altogether.
Inspired by the Q-pid introduction scene in
Agents [132].

Blue goal. Help agents introduce people who both want to connect.
Red question. On whose behalf can it act? What if someone wants to stay
undiscovered?
B1. Our assistants could compare nearby people’s interests and ask whether
their owners want an introduction. Both people would decide before meeting
face to face.
R1. Before my assistant asks, information about me has already been used to
find a match. When did I agree to that comparison?
B2. People would first enable introductions for this visit and select interests to
share. Assistants would compare only information offered for that purpose.
R2. Announcing that I am available for introductions reveals something per-
sonal. Can I seek company without advertising to everyone that I am looking?
B3. We could exchange temporary invitations without names or seat locations.
Identifying details would appear only after both people accepted an invitation.
R3. In a nearly empty café, the invitation’s timing may identify me anyway.
Someone could infer who rejected them without seeing a name.
B4.We could limit repeated attempts and withhold immediate introductions
when too few people are present, reducing opportunities to identify someone
through invitations.
R4. You have cancelled the spontaneous encounter I wanted. Why should the
assistant decide that a quiet café makes meeting someone unacceptable?
B5. It could explain that risk and offer a one-time choice about my participation.
My choice would not enable introductions for anyone else.
R5.Who decides how much privacy people must trade for a social opportunity?
An explanation informs that choice without making the trade equally acceptable.
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Table A1 continued: Protocol Futuring portfolio

Scenario Ten steps

G5. City & City

Scenario. People occupy the same streets
but use different iOS and Android realities
that hide one another in their device views.
They still share physical space, so failing to
see someone affects encounters and
movement. Residents want to meet across
these worlds without abandoning their
own. The image shows the earlier premise,
in which only virtual objects were hidden.
Inspired by The City & The City [137],
adapted into separate iOS and Android
realities.

Blue goal. Help people join across ecosystems while keeping their own worlds.
Red question.Why can willing people still fail to enter? What changes over
time?
B1. An optional meeting layer could reveal people and shared objects across
platforms. Residents could enter it briefly while keeping their usual worlds
available.
R1. How would I invite someone I cannot see? A meeting space helps after we
find one another, but how does that first encounter happen?
B2.We could place a marker that both platforms display. People interested in
contact could approach it and request an introduction across worlds.
R2. People must reach that marker through streets containing invisible bodies.
How does a voluntary meeting point address collisions with people who never
approach?
B3. Both platforms could show minimal cues of nearby bodies. Names and
fuller appearances would become visible only after a mutual invitation.
R3. That helps avoid collisions but presents neighbours as obstacles. Howwould
we recognize one another as people who share a street?
B4. Residents could jointly revise the cues and arrange voluntary events with
full visibility. They would help decide how encounters happen locally.
R4. One platform could delay updates or filter appearances. Residents on differ-
ent devices would then experience different versions of what they had agreed.
B5. Shared example scenes and independent comparisons could check both
implementations. Residents would have a route to challenge departures from
their agreement.
R5.What if the dominant platform refuses to change? Switching devices makes
residents pay for its refusal; what could actually constrain the company?

G6. Live Heritage

Scenario. At a historic arch, one visitor
sees a reconstructed market while another
sees only the present-day street. The
reconstruction could help people discover
the history of the place, but commuters
may not want an interruption. Once
visitors enter, the display also makes
choices about whose memories count and
which accounts receive the most attention.
Extends Hyper-Reality [131] into public
cultural heritage.

Blue goal. Help the public discover and explore the history of this place.
Red question. Should this public story appear automatically or await discov-
ery?
B1. We could briefly show the historical market when someone enters the
square, making a hidden story discoverable without requiring prior knowledge
of it.
R1. I cross this square to get to work and need today’s street. Why should
entering a public place trigger a scene I never requested?
B2. A physical marker could explain that a reconstruction is available. People
would deliberately open it; others could continue through the square without
interruption.
R2. Choosing history does not mean accepting the official account. What if
the reconstruction celebrates redevelopment but omits the families who were
displaced?
B3. We could present several attributed accounts with supporting material.
Visitors could compare the official reconstruction with memories from families
connected to the place.
R3.The first accountwill still receivemore attention.Who chooses that entrance
display, and how can less prominent contributors contest the choice?
B4. A contributors’ group could rotate the entrance display and publish reasons
for changes. No account would permanently occupy the most visible position.
R4. Displaced families may live far away or lack time for meetings. A seat in a
group does not guarantee a practical voice.
B5.We could pay for remote editing and accept requests to correct or restrict
personal details. Participation would not depend entirely on local meetings.
R5. One family requests removal of a painful account; another calls that erasure.
Who decides what remains publicly visible while they disagree?
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Table A1 continued: Protocol Futuring portfolio

Scenario Ten steps

G7. Uninvited Gallery

Scenario. An independent group creates
an AR exhibition positioned beside works
inside a museum. Visitors can choose to
view it through their own devices, although
the museum has not approved it. The
imagined dispute begins when the venue
restricts access. The group wants an
audience, while visitors need to understand
who made the exhibition and move through
the building safely.
Inspired by MoMAR’s Hello, we’re from the
internet [140].

Blue goal. Let ordinary visitors discover and choose to view the exhibition.
Red question. If the venue blocks entry, who decides what visitors can see?
B1. An independent directory could let visitors discover and choose the exhibi-
tion. Artists would not need the museum to list or promote their work.
R1.Art appearing beside amuseum object may seem officially endorsed. Finding
it through another directory does not necessarily prevent that impression.
B2. The entry screen and each work could identify its artists and independent
status. Visitors could check the source while viewing it.
R2. Clear authorship does not solve a crowded doorway. How can the museum
keep people moving without deciding whether the art deserves to appear?
B3. We could negotiate viewing positions or presentation changes for that
passage, keeping the work accessible while addressing the obstruction it creates.
R3.What stops the museum declaring the entire gallery sensitive to suppress
criticism? Negotiation is unequal when one side controls the building.
B4. Restrictions could name a location, reason, and duration. Artists could
propose alternatives and ask an independent reviewer whether each restriction
is justified.
R4. If review finishes after the exhibition closes, artists have lost their audience.
A finding in their favour cannot recreate that moment.
B5. During review, restrictions could remain narrow and time limited. Visitors
could still find the exhibition through the directory and view an outside version.
R5. This work gains meaning from appearing beside those museum objects.
Why should artists bear the loss of moving it while restrictions are reviewed?

G8. Reality Alert

Scenario. An emergency develops in a city
where people use different digital overlays.
Some see entertainment or advertising;
others rely on captions or navigation
assistance. An urgent warning needs to
reach affected people across those views.
The challenge is to authorize a necessary
interruption without giving an issuer
unlimited control over what people see or
how long the interruption lasts.
Extends Hyper-Reality [131] into
cross-layer emergency alerts.

Blue goal. Reach affected people with urgent information across their layers.
Red question.Who may interrupt a reality? Who handles errors, abuse and
ending it?
B1. A common emergency channel could reach every reality platform. People
would receive urgent warnings even when their usual digital layers differ.
R1. Who may use that channel? If a message can override my view, imperson-
ators and advertisers have strong reasons to claim emergency status.
B2. Platforms could verify approved issuers and limit their permitted loca-
tions, message types, and durations. An authenticated sender would still have
boundaries.
R2. An approved issuer can make mistakes, and an emergency may not affect
everyone nearby. Why should an authentic message interrupt my entire view?
B3. Interruption could match urgency and identify the warning’s place, time,
and uncertainty. A clear view of the physical surroundings would remain
available.
R3. Some overlays help me understand those surroundings. Removing my
captions or navigation assistance may make responding to the emergency
harder.
B4. The warning could reserve space for essential assistance and follow lo-
cal accessibility settings. Receiving an alert would not require losing those
functions.
R4. Who checks that an application needs protected space? What happens on
older glasses that cannot arrange the warning and assistance together?
B5. We could set minimum display requirements and test combinations across
devices. Physical signs and non-AR notices would remain available when glasses
cannot support them.
R5. If the issuer disconnects before an all-clear, who restores my ordinary view?
A warning needs an ending rule as well as an entrance.
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Table A1 continued: Protocol Futuring portfolio

Scenario Ten steps

G9. Invisible Target

Scenario. Players converge on a virtual
creature in a public place. Through their
devices, the gathering has an obvious
purpose; other pedestrians see only a crowd
blocking their route. Some outsiders are
curious, while others want to pass or object.
Explaining the invisible event is only a
starting point because its physical effects
already extend beyond those who joined.
Combines Hyper-Reality [131] and
Pokemon GO [161].

Blue goal. Let outsiders understand or join, while keeping a route through.
Red question. How can people understand an event that affects them before
they join?
B1. A physical notice could explain the creature hunt alongside its in-game
description. Outsiders could understand why people are gathering without
installing anything.
R1. Now I understand the crowd, but I still cannot get through. How does
explaining the game restore a route for people not playing?
B2. The game could stop adding rewards along an obstructed path and offer
targets elsewhere, giving new arrivals a reason to spread out.
R2. Players may keep waiting or rush to the replacement. Moving a target can
move the crowd without reducing the problem.
B3. Players could earn the same reward at several places and times. Nobody
would need to squeeze into this crowd to avoid missing out.
R3. Players came for a rare discovery they could share together. Are you solving
the conflict by removing what made the event appealing?
B4. Some collective hunts could happen at agreed times with a clear passage.
Residents could request changes or complain without creating a game account.
R4. Three games could each follow their agreement but together overwhelm
one street. Who sees the combined effect on people living there?
B5. A shared local schedule could register events across games and collect
residents’ requests. Organizers could identify clashes before directing several
crowds to one place.
R5. Who gets desirable times and locations? If established games dominate
the schedule, coordination could protect residents while excluding smaller or
informal events.

G10. Public Canvas

Scenario. A public digital layer mixes
advertisements, travel information, and
messages from local groups. A pedestrian
wants useful updates but would rather not
see advertising. Turning off the whole layer
would remove both. Creating more
selective control raises further questions
about who defines essential information,
who can publish it, and whose messages
disappear when categories or rules change.
Inspired by The Pervert’s Guide to Cinema
[59]

Blue goal. Keep public content useful while giving people control over viewing.
Red question.Who can publish or remove content? Can people opt out and
keep services?
B1. People could disable advertising while keeping transit updates and commu-
nity information. Avoiding commercial messages would not require abandoning
useful public services.
R1.What if advertising pays for those services and the provider refuses sepa-
ration? A viewing preference does little when basic information depends on
accepting ads.
B2. Basic information could have separate funding and appear through several
viewing applications. People could change applications without losing access
to public services.
R2.Who defines basic? An accessibility feature might become an optional extra
even though someone depends on it to travel independently.
B3. People with different access needs could define the basic service and chal-
lenge category changes. Removing a functionwould require a publicly explained
decision.
R3. Categories overlap. A shop’s notice advertises a product and announces a
community event; which part must I accept to learn about the event?
B4. Items could show their publisher, funding, and whether they interrupt.
People could filter particular sources instead of relying only on categories.
R4. Institutions can easily prove their identity, but informal residents’ groups
may not. Would source checking make public visibility depend on institutional
credentials?
B5. Low-cost temporary publishing through local sponsors could help informal
groups contribute. A route to appeal refusals would let them challenge exclusion.
R5.What if a message criticizes its proposed sponsor?Who helps an unaffiliated
resident publish when every available gatekeeper has a reason to refuse?
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B Eliciting a General Map through Protocol Futuring

Table B1 records the trace from selected group arguments to the literature-comparison questions developed in Section
5. G1–G10 identify group discussions; B1/R1, B2/R2, and so forth locate successive contributions. Rows are overlapping
analytical concerns, not participant frequencies or mutually exclusive codes.

Design-space
concern

Proposal, challenge, and revision in the source
accounts

Question for literature comparison and
resulting facets

Interaction and
equipment

G1 B5/R5: a common garment format is challenged
by device upgrades and older devices that may not
support it.

Compare device-dependent entry,
supported representations, and fallback.
A common format can still exclude
people whose equipment cannot load it
(§§5.1–5.2).

Leakage and
discoverability

G6 B1/R1: automatic history offers immediate
discovery but unwanted interruption. B3/R3: visitors
may not know to aim at the arch, prompting signs.
B4/R4: missed signs prompt a lightweight device
notification.

Separate disclosing a layer’s existence
from displaying its content. Compare
cue visibility, receiving channel, notice,
and an intelligible next action
(§§5.1–5.2).

The crossing
process

G2, participation exchange, B1/R1: does watching
count as joining? B2 proposes QR-based voting and
viewing. R3/B4: refusal is answered by switching off
Bluetooth and Wi-Fi.

Distinguish observing, requesting,
agreeing, participating, and leaving.
Preserve observation as an endpoint
and compare refusing one encounter
with losing unrelated connectivity
(§§5.2, 5.4).

Intentions and
audiences

G1 B1/R2: the wearer wants the outfit seen, but red
asks who consented to downloading it. G4 B1/R1/B2:
interest labels meet an objection to being discovered;
blue requires both people to enable matching.

Compare sender and recipient
intentions independently, including
remaining undiscovered. Willingness to
reveal, notice, or meet need not extend
to every operation or audience
(§§5.3–5.4).

Permission
management

G1 B2/R2/B3: publishing to a public layer raises
consent, malicious-code, and loading concerns; blue
proposes pre-upload review.

Separate publication, transfer,
reception, and code admission.
Reviewing content does not establish
the receiver’s permission; compare who
authorizes each operation (§5.4).

Delegated agency G3 B1/R1:Wi-Fi-based recommendations and
payment require obtaining the customer’s needs.
B3/R3: blue questions hidden agent-to-agent
exchanges; red proposes advance notice for sensitive
information.

Distinguish connecting agents,
disclosing preferences, recommending,
and paying. Compare delegated
authority, disclosure, and human
intervention; notification alone leaves
permission unresolved (§§5.3–5.5).
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Design-space
concern

Proposal, challenge, and revision in the source
accounts

Question for literature comparison and
resulting facets

Privacy of
participants and
bystanders

G3 B4/R4: a preferred service-agent likeness raises
another person’s portrait interests. G5, motion
exchange, B4/R4/B5: avatar motion capture may
disclose personal details; blue proposes coarse motion
with inferred detail.

Identify whose data or likeness is
exposed, including people outside the
exchange. Compare sensing, inference,
representation, and minimization
separately from permission to enter
(§§5.4–5.5).

Bystanders and
accessibility

G2, play exchange, R4/B5: a passer-by entering the
play area is rendered as an obstacle. G6, access
exchange, R4/B5: a question about visual
impairment prompts audio navigation around
buildings and obstacles.

Ask how a protocol represents and
affects nonparticipants, and who can
perceive its cues. Compare continued
passage, accessible receiving routes,
and opportunities to object without
joining (§§5.1–5.2, 5.5).

Time, continuity,
and exit

G4 B5/R5: interest-history monitoring delays
eligibility for matching and raises operating costs. G1
R5: evolving formats may leave older devices
unsupported. G5, motion exchange, R5:
disconnection remains unanswered.

Compare prerequisites, waiting,
interruption, version changes, and
continued operation. Extend the map to
what exit ends and what persists; the
accounts raise continuity questions
without specifying a complete exit
protocol (§§5.2, 5.4–5.5).

Cross-platform
interoperability

G5, format exchange, B2/R2/B3: a shared cloud
does not settle consistent rendering, prompting a
common format. R5 asks what happens when a device
cannot load the scene.

Separate service access, shared
representations, rendering
compatibility, and device support.
Compare what crosses, which
components must agree, and fallback
when capabilities differ (§§5.2, 5.5).

Upload review and
admission

G5, format exchange, R3/B4: a question about
which users may enter is answered with code upload
and review. R4/B5: confusion between public and
personal scenes prompts selectable layers.

Separate reviewing an uploaded
artifact, admitting a user, and choosing
what to render. Specify what is checked,
by whom, whose approval is
recognized, and how each decision is
enforced (§§5.4–5.5).

Protocol
governance

G5, relay exchange, B4/R4: occasional encounters
still require a manager. B5/R5: reducing the public
layer to signal relay leaves protocol authorship and
fairness unresolved.

Compare device, application, platform,
and cross-provider authority. Connect
rule-setting and operating
responsibilities to ways of contesting
decisions; minimal exchange still
requires governance (§5.5).
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Table B1. Eliciting a general map through Protocol Futuring. Each row connects a group argument to a question for

literature comparison and its development in the five facets (§§5.1–5.5). Rows are overlapping concerns, not participant

frequencies or mutually exclusive codes.
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C Statement of AI Use

Generative AI was used for two bounded purposes. It rendered the comic panels in Figure 2, and it expanded the
illustrative portfolio dialogues in Appendix A from the prepared scenario prompts. Those dialogues are identified as
generated in Appendix A and carry no analytic weight. Generative AI also assisted in organizing candidate comparisons
in the literature synthesis (Section 5).

Generative AI did not produce, edit, translate, or summarize the recorded team exchanges, and it did not perform the
analysis reported in Section 4.4. Translations of team text are the authors’ own. Consensus and Undermind assisted
literature retrieval and source examination. The authors are responsible for all interpretations and supporting citations.
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D Participant Characteristics

P01–P40 list the 40 available questionnaire records in source order.
Table D1. Participant overview (N = 40).

Participant Age Gender Field XR use XR creation

P01 25 Male Engineering No No
P02 28 Male Other No No
P03 23 Male Other No No
P04 24 Male Other No No
P05 23 Female Computer science No No
P06 22 Male Computer science 1–2 years No
P07 24 Female Computer science No No
P08 34 Female Other No No
P09 21 Male Computer science No No
P10 25 Female Engineering 1–2 years No
P11 22 Female Computer science No No
P12 25 Male Engineering No <1 year
P13 23 Female Computer science No No
P14 23 Male Computer science No No
P15 23 Male Other No No
P16 22 Female Computer science No No
P17 23 Male Computer science No No
P18 26 Male Other <1 year No
P19 22 Female Computer science No No
P20 22 Female Computer science No No
P21 23 Male Computer science No No
P22 23 Female Computer science No No
P23 23 Male Computer science No No
P24 24 Male Computer science No No
P25 23 Female Computer science No No
P26 22 Male Computer science No No
P27 23 Female Design No No
P28 23 Female Design <1 year <1 year
P29 24 Male Computer science No No
P30 22 Female Computer science No No
P31 25 Male Computer science 1–2 years No
P32 23 Male Computer science No No
P33 23 Female Design No No
P34 23 Female Design <1 year <1 year
P35 22 Male Computer science No No
P36 23 Female Computer science No No
P37 31 Male Computer science 1–2 years No
P38 22 Female Computer science No No
P39 31 Male Computer science 1–2 years No
P40 32 Male Computer science 1–2 years No
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