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Figure 1: Break-the-Window (BTW). Conventional XR web experiences place a complete 2D browser window into 3D space,
preserving a content ! window ! space design hierarchy in which web content remains constrained by the window and cannot
fully leverage spatial properties (left). BTW rethinks this relationship by breaking the window itself and decomposing webpages
into spatially distributed UI chunks, forming a content ! space design hierarchy (right). This paradigm shift enables users to
engage with web information more directly in space, supporting spatial organization and embodied interaction, and fostering a
direct dialogue between the structural semantics of webpages and the spatial semantics of the surrounding environment.

Abstract
Most XR web browsers still present webpages as a single �oating
window, carrying over desktop design assumptions into immersive
space. We explore an alternative by breaking the browser window and
distributing a webpage into spatial UI chunks within a mixed-reality
workspace. We present Break-the-Window (BTW), an exploratory
prototype that spatially decomposes live, fully functional webpages
into movable panels supporting mid-air and surface-attached place-
ment, as well as direct touch and ray-based interaction. Through a
formative study with XR practitioners and an exploratory qualita-
tive study with 15 participants, we observed how spatial decompo-
sition supports distributed attention and spatial meaning-making,
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while also surfacing challenges around coordination e�ort, interac-
tion precision, and the lack of shared spatial UI conventions. This
work invites discussion on how web interfaces might be reimagined
for spatial computing beyond the single-window paradigm.
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1 Introduction
Web browsing remains one of the most common digital activities,
yet today’s XR web experiences largely reproduce a legacy interac-
tion model: a single 2D browser window �oating in 3D space. This
window-centric paradigm, rooted in the PC/WIMP tradition [10],
preserves a content! window! space hierarchy and limits how
users can leverage spatial organization, embodied interaction, and
spatial memory when working with multi-faceted web content.

Emerging spatial computing platforms enable information to be
distributed throughout the surrounding environment and accessed
through embodied input such as gesture, gaze, and ray-based inter-
action [9]. Prior work has explored spatial presentation of media
and information in XR [11, 12] and adaptive placement strategies
based on relevance or context [6, 13]. However, general web brows-
ing in XR remains largely bound to the single-window metaphor,
with entire webpages placed into space as �at surfaces rather than
rethought as spatial structures.

In this work, we ask: What if we break the browser window
itself? Instead of treating a webpage as an indivisible surface, we
explore decomposing it into functional UI chunks and distributing
these chunks across a spatial workspace, allowing the structural
semantics already embedded in webpages (e.g., primary content,
controls, peripheral information) to directly engage with the spatial
semantics of XR (Figure 1).

We present Break-the-Window (BTW), a positional research
prototype that operationalizes this idea. BTW decomposes fully
functional webpages into multiple spatial panels that users can
place, move, resize, and reorganize within a desk-centered mixed-
reality workspace. The system supports both mid-air and surface-
attached layouts, as well as direct touch and ray-based interaction,
while preserving existing webpage functionality without redesign-
ing or modifying the underlying web interfaces.

To ground this exploration, we conducted a formative study with
six XR practitioners to examine how experts conceptualize webpage
decomposition, spatial roles, and placement�interaction relation-
ships. We then ran a qualitative study with 15 participants, where
BTW was experienced alongside desktop browsing and a single-
window XR browser as reference points. Our �ndings show that
breaking the window shifts browsing from interacting with a single
view toward inhabiting a blended physical�digital workspace: at-
tention and interaction become distributed in space, layout becomes
a semantic resource, and physical anchoring both stabilizes and
complicates interaction. At the same time, participants surfaced fric-
tions around coordination cost, embodied precision, productivity
trade-o�s, and the lack of shared spatial UI conventions.

Together, this poster uses BTW as a concrete design prototype to
invite discussion on what a spatial UI grammar for web browsing
could look like beyond the single-window paradigm.

2 Related Work
Prior work has explored redistributing interface elements across de-
vices and spatial environments. AR-enhanced widgets and mobile-
to-AR techniques extend smartphone content into surrounding

Figure 2: Examples of spatial decomposition and placement
annotations from our formative study across nine commonly
used websites, spanning diverse browsing purposes such as
shopping, navigation, media, and content creation.

space to support precision, comparison, and bookmarking [5, 17].
Cross-device systems such as XDBrowser [15] and WinCuts [16]
demonstrate how users decompose and replicate interface regions
across screens, revealing bene�ts of �ne-grained fragmentation
and synchronization. In immersive contexts, recent work has ex-
amined how relations between multiple views can be explicitly
represented in MR, synthesizing a design space of visual associa-
tion techniques to support coordination and sensemaking across
spatially distributed views [14]. Together, these approaches high-
light the value of breaking monolithic interfaces, but primarily
emphasize distribution and association rather than restructuring
web content itself within XR.

Research in spatial computing further positions space as an
organizational and semantic resource. Systems such as Spatial-
strates [4] and InteractionAdapt [7] support composable cross-
reality workspaces and layout adaptation based on physical a�or-
dances. Studies of large displays and multi-monitor environments
show that physical navigation and spatial partitioning enhance per-
formance and peripheral awareness [3, 8], and industry guidelines
advocate distributing content into spatial panels in XR [1]. Commer-
cial systems such as Apple’s visionOS introduce spatial browsing
that extends webpages into immersive presentations while largely
preserving the page as a uni�ed surface [2]. Building on these
directions, BTW investigates decomposing functional webpages
into spatially arranged UI chunks and examines how these spa-
tialized components acquire new semantic meaning through their
placement, relation, and persistence in a mixed-reality workspace.

https://doi.org/10.1145/3772363.3798474
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Figure 3: Overview of BTW’s data �ow. A live webpage is
rendered in a standard browser and streamed into XR as
multiple spatial panels, while user interactions in XR are
forwarded back to the original webpage in real time.

3 Formative Study and Design Rationales
To ground our exploration of spatial web browsing, we conducted
a formative study examining how XR practitioners decompose and
spatially arrange existing webpages. Six experienced XR researchers
annotated screenshots from nine commonly used websites, seg-
menting each page into functional regions and assigning them to
spatial locations (e.g., surface-attached, mid-air center, mid-air side)
while thinking aloud. Across websites, participants largely pre-
served familiar webpage structure while reassigning components
based on functional role and spatial attention (Figure 2), revealing
three recurring patterns:

R1. Role-aware decomposition. Participants treated webpages
as collections of functional regions (e.g., primary content,
controls, context) rather than indivisible screens, favoring
coarse, semantically meaningful chunks.

R2. Purposeful spatial roles. Spatial placement re�ected at-
tention and interaction demands: central mid-air space for
primary viewing, surfaces for frequent or precise interaction,
and peripheral regions for secondary content.

R3. Placement�interaction coupling. Participants expected
interaction style to align with spatial placement, associating
surfaces with direct touch and mid-air content with indirect
input, and often moved content to change how it would be
interacted with.

4 Prototype Design: Break-the-Window (BTW)
We developed Break-the-Window (BTW), an exploratory spatial
web browsing prototype for Meta Quest 3. BTW decomposes a
live webpage into multiple spatial panels that can be placed and
interacted with in a mixed-reality workspace, while preserving the
original webpage’s functionality.

4.1 Spatial Web Decomposition and Embodied
Interaction

To support role-aware decomposition without modifying webpage
code (R1), BTW adopts a pixel-mirroring approach. An unmodi�ed
desktop browser renders a live webpage, whose visual output is
streamed into XR. Multiple spatial panels display cropped regions of
the same page, and user interactions performed in XR (e.g., clicking,
dragging) are relayed back to the original webpage. This allows a

single webpage to be decomposed into multiple panels that remain
functionally synchronized, enabling BTW to serve as a �exible
prototype rather than a fully re-engineered browser.

BTW’s frontend supports �exible spatial placement and placement�
interaction coupling (R2, R3). Panels can be freely positioned, ori-
ented, scaled, and anchored in mid-air or attached to physical sur-
faces. Users manipulate panels by grabbing their edges, and panels
snap to nearby horizontal surfaces to support desk-based inter-
action. Interaction is mediated through two complementary tech-
niques: direct touch for nearby panels and ray-based interaction for
distant panels. Both techniques support standard web interactions,
and transitions between them are handled automatically based on
reachability, allowing users to appropriate spatial roles based on
task demands rather than �xed layouts.

4.2 Spatial Layouts and Representative
Webpages

BTW provides initial spatial layouts as design hypotheses rather than
prescriptive con�gurations. These layouts preserve familiar struc-
tural groupings from the original webpage while di�erentiating
spatial roles based on access and interaction needs: interaction-
heavy or precision-demanding components are generally placed
closer to the user or near the tabletop, while primary or referential
content is placed in mid-air. Participants were free to reorganize
these layouts during use.

We instantiated BTW with three commonly used webpages �
Google Maps, Google Slides, and YouTube � to explore how spatial
decomposition manifests across di�erent web activities. These ex-
amples span continuous versus discrete interaction, viewing versus
manipulation, and low versus high precision demands. Google
Maps separates the map canvas, information panel, and controls,
placing the map near the tabletop to support frequent dragging.
Google Slides decomposes the slide canvas, thumbnails, and tool-
bar, prioritizing precision interaction close to the user. YouTube
separates viewing, controls, comments, and recommendations, cen-
tering the video player in mid-air while placing interaction-heavy
panels closer to the body. Together, these examples illustrate how
BTW supports task-sensitive spatial organization without tailoring
layouts to a single domain.

5 User Study
We conducted an exploratory qualitative study to examine how
people interact with and make sense of spatially decomposed web
content in XR. The study focused on interaction strategies and
spatial organization, rather than performance or e�ciency.

Fifteen participants used Break-the-Window (BTW) alongside
two experiential reference points�a desktop browser and a single-
window XR browser�while completing task-based activities across
two of three representative websites (Google Maps, Google Slides,
YouTube). The study took place in passthrough VR within a desk
workspace, allowing participants to combine spatialized web panels
with physical tools such as a keyboard, paper, and pen (Figure 5-A).
Following the tasks, participants participated in semi-structured
interviews. Interview data were analyzed using re�exive thematic
analysis to identify recurring patterns in spatial organization, atten-
tion, and interaction, which form the basis of the �ndings reported
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(a) Google Maps (b) Google Slides (c) YouTube

Figure 4: Three representative webpages spatialized with Break-the-Window (BTW).

next. Additional details about the study protocol, tasks, and qualita-
tive analysis process are provided in the supplementary materials.

6 Key Findings
Our user study revealed �ve recurring patterns in how participants
organized and interacted with spatially decomposed web content
in BTW. Together, these �ndings show how breaking the browser
window transforms browsing into a spatial, embodied workspace�
while introducing new interaction frictions.
F1. Attention and interaction become distributed in space.
Unlike tab switching and scrolling, BTW keeps multiple panels
simultaneously visible and spatially separated. Participants used
space to maintain peripheral awareness while focusing on a pri-
mary view, often describing it as a way to �block other information�
without closing it (P6). This shift was tightly coupled with embodied
navigation, as users reoriented their head, hands, and torso to move
between content regions (Fig. 1-B). At the same time, distributing
content increased coordination cost: attending to o�-center panels
required physical e�ort, peripheral updates were easier to miss,
and repeated turning and reaching accumulated fatigue. Partici-
pants adopted distance-dependent input strategies�direct touch
for nearby panels and rays for distant or precise actions�though
both remained sensitive to small targets and accidental triggers.
F2. Space becomes a semantic substrate. Participants treated
spatial layout as more than visual arrangement: placement encoded
functional role, priority, and relationships (Fig. 5-bc). Near panels
were read as �active� and interaction-heavy, while farther panels be-
came background. Over time, participants formed location�function
bindings (e.g., �remember the space, not content,� P9), using spatial
memory to retrieve information. However, misplacement proved
costly: panels that appeared too near/far, or frequently moved dis-
rupted expectations and led to hesitation.
F3. Physical anchoring both stabilizes and complicates in-
teraction. Participants frequently relied on physical metaphors
(Fig. 5-de), placing panels on the desk like papers or treating sur-
face panels as �a virtual iPad� (P13). Anchoring to real surfaces
improved perceived control and precision by providing a stable
reference. At the same time, coupling to the physical workspace in-
troduced con�icts: virtual panels occluded paper and tools, writing
gestures were misinterpreted as input, and minor surface misalign-
ment undermined trust in touch interaction. (Fig. 5-f)

F4. Immersion-driven engagement does not imply productiv-
ity. BTW was widely described as novel and engaging, particularly
for exploratory and visual scenarios such as browsing and media
consumption. However, participants did not consistently feel faster
or more e�cient. For tool-heavy or precision-oriented work, em-
bodied input slowed throughput: small controls were hard to target,
ray interaction demanded careful aiming, and physical e�ort and
attentional demands increased over time (Fig. 5-gh). Participants
often contrasted BTW with desktop habits (typing, precise cursor
control, rapid switching), describing the desktop as more reliable
for routine high-precision tasks.
F5. Spatial web browsing lacks a shared UI grammar. Across
websites, participants improvised their own layout rules but re-
peatedly noted the absence of conventions (e.g., �no rule for where
things should go,� P1). As workspaces grew, this led to clutter,
competition with physical space, accidental selections, and fragile
mental models. Participants asked for mechanisms that preserve sta-
bility (e.g., locking layouts), support legible hierarchy, and provide
interaction feedback that aligns with embodied precision.

7 Discussion: Toward a Spatial UI Grammar for
Web Browsing

Taken together, these �ndings suggest that once web interfaces are
released from a single window, space becomes part of the interface.
Rather than o�ering prescriptive guidelines, we outline four struc-
tural pressures that point toward emerging design directions for
spatial web browsing.
D1. From free placement to interpretable spatial semantics.
Spatial freedom encourages users to externalize meaning into lay-
out, but also raises the risk of ambiguity and inconsistency as spaces
and tasks change. Future spatial web systems may need lightweight
structure�e.g., functional grouping, consistent spatial hierarchy,
and stable location�function mappings�so that layouts remain
legible as they scale.
D2. From static panels to interaction-adaptive representa-
tions. Web UI elements assume planar viewing and mouse-level
precision. In spatial workspaces, distance and posture vary contin-
uously, making �xed sizes and hover-based feedback brittle. Spatial
browsers may require distance- and mode-aware representations
(e.g., adaptive target sizes/sensitivity, depth-aware feedback, or
decoupling precise input from distant viewing).
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Figure 5: A collection of runtime snapshots from the Break-the-Window (BTW) system.

D3. From spatial expansion to managed spatial capacity. Al-
though XR o�ers more display extent than screens, participants
experienced space as limited and costly: larger layouts increased
navigation e�ort and clutter. This motivates mechanisms for man-
aging spatial capacity over time�e.g., layering, collapsing, and tran-
sitions between compact and expanded states�while preserving
users’ mental models.
D4. From interfaces to blended workspaces. When panels co-
exist with desks, paper, and hands, interaction becomes persistent
and boundaries blur. Systems should better mediate physical vs.
digital intent (e.g., through mode switching or intent inference)
and leverage environmental constraints (surface structure, body
orientation) as stabilizing anchors rather than sources of con�ict.

8 Conclusion
This poster investigates what changes when webpages are treated
not as a single window, but as spatial components embedded in
a blended workspace. Through Break-the-Window (BTW) and ex-
ploratory studies, we saw that spatial decomposition can support
distributed attention and meaning-making through layout, and
can invite physical metaphors (e.g., desk-based arrangement). At
the same time, participants highlighted practical frictions�such
as coordination cost across space, precision challenges under em-
bodied input, and con�icts between virtual panels and physical
tools�along with a recurring desire for more legible conventions
and stability. Rather than proposing a �nalized solution, we o�er
BTW as a concrete research prototype and a starting point for com-
munity feedback on how future XR browsers might balance spatial
freedom with interpretable structure, interaction adaptivity, and
manageable workspace boundaries.

Project Availability. The Break-the-Window (BTW) prototype
is open-sourced at: https://github.com/BTW-XR/Break-the-Window.
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