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Abstract

Mission-critical XR systems increasingly integrate Al to support high-stakes decision-making, yet existing
approaches prioritize recommendation accuracy while paying limited attention to how recommendations are
perceptually structured under stress. Using medical triage as an analytically revealing case, this position paper
reframes multi-agent Al recommendations as a design materials problem. We define perceptual scaffolding as the
deliberate structuring of visual, temporal, spatial, and embodied design materials to guide attention, comparison,
and judgment under constraint and uncertainty. When multiple Al judgments are presented in parallel, design
choices such as color, motion, persistence, and spatial arrangement shape reasoning strategies, trust calibration,
and decision resilience. We identify key material-level tensions, including differentiating reaction and deliberation,
representing disagreement, organizing judgment flow over time, regulating attention through persistence, and
balancing spatial meaning with embodied cost. By foregrounding design materials as the unit of analysis, this
paper offers a shared framing for resilient and explainable XR assistance.
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Figure 1: Conceptual Overview: Design Materials and Perceptual Tensions in Multi-Agent XR Triage

1. Motivation

Medical triage is a critical clinical decision-making process in which patients’ acuity is assessed to
determine treatment priority and allocate limited resources [1, 2]. Although standardized protocols
exist, real-world triage rarely relies on rules alone [3]. Clinicians must integrate multiple cues under
uncertainty and time pressure, often drawing on experience and intuition. This integration can be
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cognitively demanding even when relevant information is available, and incorrect judgments can
directly compromise patient safety [4, 5, 6]. This suggests that triage is not only a question of whether
sufficient information is provided, but also a design problem in which the same information can lead to
different decision processes and outcomes depending on how it is perceived and organized into action.
To alleviate the inherent cognitive demands of triage, recent work has explored digital technologies,
including Extended Reality (XR) and Artificial Intelligence (AI), as supports for triage in time-critical
clinical settings [7, 8]. However, recent scoping evidence suggests that these technologies have been
evaluated predominantly through outcome-oriented metrics. As a result, while system performance
has been well documented, comparatively less attention has been given to how clinicians integrate
information into a coherent and temporally unfolding reasoning process in practice [9]. Furthermore,
many Al-based systems are designed to produce a single “optimal” recommendation, even when multiple
models or agents are involved [10, 11]. Although this approach supports efficient decision-making,
it can be problematic in mission-critical settings. A single recommendation may strongly channel
attention toward one decision path, obscure uncertainty, and encourage rapid acceptance or post hoc
rationalization [12, 13]. This creates additional burden when clinicians must calibrate their reliance on
AT under high-stakes conditions. These limitations arise less from the correctness of recommendations
than from how they are presented.

These risks are amplified when time and peer support are limited, reducing opportunities for cross-
checking and allowing a single Al output to effectively shape the decision itself. Rural emergency
departments illustrate this dynamic, as triage nurses often work with limited staffing and heterogeneous
expertise, making reflective comparison more difficult [14]. Motivated by this setting as an analytically
revealing case rather than a narrow application domain, we are designing an AR-based decision support
prototype for triage nurses working in rural emergency departments. The system employs multiple Al
agents that generate distinct recommendations from different informational perspectives (e.g., vital
signs, medical history, and prior disease progression patterns from similar emergency visits). By
exposing these perspectives side by side, the system supports comparison and interpretation while
keeping clinicians as the final decision authority, promoting resilient decision-making even when
uncertainty or system limitations are visible.

However, implementing multi-agent recommendations in XR is not merely a matter of deciding what
information to present. Design materials such as color, size, motion, persistence, and spatial arrangement
can substantially influence attention allocation and the flow of reasoning, even when the underlying
recommendation content remains unchanged. The issue, therefore, is not the quantity of information,
but how that information is perceptually organized [15]. In this paper, we define perceptual scaffolding
as the deliberate structuring of perceptual cues to support attention, comparison, and judgment under
conditions of constraint and uncertainty. Unlike existing approaches such as ecological interface
design or distributed cognition, which primarily analyze how information representations reflect
underlying system constraints, perceptual scaffolding focuses on how perceptual design materials
organize human judgment when multiple Al-generated perspectives are presented simultaneously [16,
17]. This perspective shifts the design problem from representing system information to structuring
how clinicians reason across multiple algorithmic judgments.

This position paper therefore asks: How should multi-agent recommendations be structured
in mission-critical XR environments to scaffold human judgment under stress? In this framing,
trust calibration, decision resilience, and situated explainability are understood as effects emerging
from perceptual organization, not as separate theoretical programs to be independently resolved. We
aim to offer a shared design framing that allows researchers and practitioners to compare and reflect on
design choices shaping human judgment under stress.

2. Design Materials as the Unit of Discussion

This position paper does not focus on algorithms, model architectures, or the internal logic by which
recommendations are generated. Instead, it focuses on how multiple Al-generated recommendations



are experienced through perceptual and spatial form. This perspective assumes that even identical
recommendations can lead to different attentional patterns, interpretations, and judgment strategies
depending on how they are rendered [17].

In XR environments, this issue becomes particularly important. XR is not simply a display medium;
recommendations persist spatially, incur embodied costs such as gaze shifts and movement, and support
heads-up, at-a-glance perception [18, 19, 20, 21]. Consequently, designing multi-agent recommendations
in XR differs fundamentally from designing conventional dashboards. Beyond informational accuracy or
quantity, designers must consider the perceptual and spatial conditions under which recommendations
are encountered.

In this paper, multi-agent recommendations refer to independent judgment units generated in parallel
by Al agents with distinct reasoning perspectives. Each recommendation may convey different levels
of importance, uncertainty, and trust cues. Because these judgments are perceived simultaneously in
XR, clinicians must compare and interpret them directly. Presenting such recommendations therefore
inevitably involves decisions at the level of design materials.

Design materials are treated as analytical dimensions that shape how perception, timing, spatial
interpretation, and embodied interaction unfold during judgment. Drawing inspiration from human
factors research on attentional resource structures, particularly Multiple Resource Theory [22], we
organize design materials into four analytical lenses: visual, temporal, spatial, and embodied.

« Visual materials: color, size, shape, contrast, transparency

« Temporal materials: animation, persistence, fading, progressive disclosure

« Spatial materials: distance from the focal view, position relative to patients or landmarks, spatial
grouping

« Embodied interaction costs: gaze shifts, head movement, bodily repositioning

These lenses are not mutually exclusive. Many design materials operate across multiple perceptual
channels—for example, fading involves both visual and temporal modulation, while spatial grouping
relies on visual cues to express spatial relations. The purpose of this framing is therefore not strict
classification, but to reveal how materials jointly structure attention, reasoning, and interaction in
real-time decision making.

No design material should be assumed inherently superior. Instead, this perspective highlights the
tensions and trade-offs different materials introduce for attention, reasoning, and trust in mission-critical
contexts. Rather than prescribing solutions, the framework offers a shared way to analyze how XR
interfaces structure human judgment in practice.

3. Position: From Information Selection to Perceptual Scaffolding

This position argues that design challenges in mission-critical XR environments extend beyond in-
formation selection to how information is perceived, organized, and used within human judgment
processes. In multi-agent systems, the central issue is not the quantity of information but how multiple
judgments and uncertainties are structured through design materials to support human reasoning.
Interfaces should therefore be understood not as neutral delivery channels, but as perceptual scaffolds
that structure how clinicians compare, weigh, and integrate multiple Al-generated judgments in real
time. This perspective differs from traditional interface approaches that focus primarily on selecting
or prioritizing information for display. In multi-agent Al environments, the design challenge shifts
from deciding what information to present toward structuring how multiple algorithmic judgments
become perceptually available for comparison and reasoning. From this perspective, XR interfaces
actively shape trust calibration, resilience under breakdown, and situated explainability in high-stress,
embodied work.



4. Design Material Tensions in Multi-Recommendation XR Interfaces

Building on this perspective, this section outlines key material-level tensions that arise when im-
plementing multi-agent recommendations in mission-critical XR environments. The focus is not on
algorithms, but on how perceptual and spatial conditions influence reasoning, trust calibration, and
decision resilience under time pressure.

Multi-recommendation XR interfaces require decisions about color, size, contrast, motion, persistence,
and spatial layout. These choices directly shape attention and judgment flow. Drawing on cognitive
psychology and human factors, this paper abstracts recurring material-level tensions as a conceptual
framework.

Perceptual Expression That Differentiates Immediate Reaction and Deliberation One key
challenge in multi-recommendation XR interfaces is differentiating between representations that prompt
immediate reaction and those that invite deliberate consideration. When multiple AI judgments are
presented simultaneously, it is easy for all recommendations to appear equally urgent—an effect driven
not by information quantity, but by perceptual emphasis. Materials such as color contrast, size variation,
and animation support rapid detection, but excessive emphasis can lead to attentional tunneling and
cognitive overload. The design question, therefore, is not what to emphasize, but which mode of
judgment a representation is intended to evoke.

Representing Agreement and Disagreement as Reasoning Resources In multi-agent environ-
ments, agreement and disagreement among recommendations are inevitable. The key design question
is not whether to hide these differences, but how to make their relationships interpretable through
material structure. Visual similarity, shape alignment, and spatial grouping can structure relationships
among recommendations, allowing disagreement to function as a resource for reflective reasoning.
Conversely, unstructured exposure of disagreement can result in confusion and decision paralysis.

Temporal Materials for Organizing Judgment Flow Triage judgment unfolds over time, yet
many interfaces assume static visual hierarchies. Multi-recommendation XR design requires decisions
about whether recommendations should be presented simultaneously, sequentially, or reorganized
dynamically in response to evolving conditions. While animation and progressive disclosure can help
organize reasoning flow, in high-stress environments dynamic change itself can impose additional
cognitive burden. This is not merely a problem of information update, but of how to maintain stability
in judgment flow.

Regulating Attention Through Persistence and Disappearance Decisions about whether recom-
mendations should remain persistently visible or appear only when needed are closely tied to attentional
regulation. Persistent representations can reduce memory burden but may induce alarm fatigue, while
transient displays preserve visual simplicity at the risk of missing critical information. This challenge
should be understood not as a matter of informational importance, but as a design problem of when
and how attention is summoned.

Balancing Spatial Meaning and Embodied Cost XR enables spatial placement of information,
allowing location itself to carry meaning. Recommendations may be positioned relative to patients,
clinicians’ bodies, or environmental reference points, supporting embodied reasoning. However, spatial
meaning incurs embodied costs in the form of gaze shifts and bodily movement. In mission-critical
environments, these costs can directly undermine decision efficiency. Designers must therefore balance
meaningful spatialization against minimal physical burden.



5. Summary and Workshop Contribution

This position paper reframes multi-agent recommendation in mission-critical XR as a design materials
problem. We argue that how multiple Al judgments are perceptually structured is central to trust
calibration, decision resilience, and at-a-glance explainability under stress. By foregrounding design
materials as the unit of discussion, this work offers a shared framing to support cross-domain workshop
discussion on mission-critical XR assistance.
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