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Abstract

A persistent challenge in XR-supported operations is not the availability of digital information, but operators’
uncertainty regarding its validity and alignment with the physical environment. Building on our earlier proposal
combining AAS, XR and Al-assisted interaction, this position paper examines how shared digital representations
can support reliable operational decisions. Six interviews with data-center professionals highlighted discrepancies
between digital records and physical conditions that require on-site verification and manual data maintenance.
We connect these findings with our Al context-awareness and XR interaction research to propose requirements
for communicating temporal validity, provenance, verification status, and conflicting or incomplete evidence. A
hypothetical rack-verification scenario explores how operators and Al could recognize conflicting information
and request verification before action.
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1. Introduction

Modern datacenters are becoming increasingly complex, requiring a combination of monitoring systems,
asset management platforms, digital twins, and operational tools to support infrastructure management
and decision-making.

While existing research has investigated uncertainty management, synchronization, and interop-
erability within digital twins [1, 2, 3] and cyber-physical systems [4, 5], limited attention has been
given to how these challenges affect operator trust in XR-assisted workflows [6] within mission-critical
datacenter environments. In particular, there remains a lack of guidance regarding how information
provenance, temporal validity, verification status, conflicting evidence, and confidence indicators should
be represented within XR interfaces to support operational decision-making.

Existing XAI trust frameworks primarily focus on fostering appropriate trust in Al systems through
transparency, interpretability, explanation quality, uncertainty communication, and trust calibration
while questioning the reliability and credibility of Al model predictions and recommendations [7, 8, 9, 10].
While these approaches help users understand and evaluate Al-generated decisions, they provide limited
support for assessing the reliability of the underlying information on which operational decisions depend
(8, 9].

The proposed framework therefore complements rather than replaces established XAl trust constructs
by introducing reliability-oriented indicators centered on the information ecosystem itself rather than
the Al model. Our previous CHI26 workshop paper proposed combining Extended Reality (XR), Asset
Administration Shell (AAS) [11] information models and Al assistance for datacenter operations [12].
This paper builds on that proposal by examining how operators and Al can assess conflicting evidence
and coordinate verification. [13, 14, 15]
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The six interviews conducted for this work revealed recurring concerns regarding information
reliability, validation effort, and trust in digital representations. While exploratory in nature and limited
in sample size, these interviews suggest that operator trust may represent a critical but insufficiently
studied factor in successful XR adoption within complex operational environments.

This paper therefore addresses this gap by exploring practitioner perspectives from datacenter
professionals and arguing for a shift from visualization-centric XR systems toward trust-aware XR
environments, where the reliability and contextual information such as provenance, update status, and
confidence should be surfaced as prominently as the underlying content. Rather than asking how more
information can be displayed to operators, we investigate what information operators require in order
to trust the information they are shown.

2. Interview Findings from Datacenter Practitioners

Six semi-structured interviews were conducted with datacenter professionals occupying both operational
and supervisory roles. Half of the participants had prior experience with XR technologies, specifically
the Microsoft HoloLens to render information, place devices and identify equipment.

As summarized in Table 1, the most frequently reported challenges were monitoring and information
quality, device identification, and software integration. Monitoring and information quality emerged as
the dominant concern, being raised by all interviewees and encompassing fragmented tools, inconsistent
data, and significant effort associated with information gathering and validation.

Table 1
Identified challenges.
Topic Key Issues IDs
Monitoring & Information Quality  Fragmented tools, inconsistent data, costly information gath-  1-6
ering and validation
Device Identification Configuration errors, location tracking, maintenance of up to  1,4,5,6
50,000 devices, validation effort
Software Integration Vendor software interoperability challenges 1,4,6
Hardware Integration Integration of heterogeneous vendor hardware 45
Communication & Human Error Coordination issues between onsite and administrative teams; 4
human error incidents
Downtime Service interruptions caused by system changes 3
Capacity Planning Balancing spare capacity and cost across global datacenters 6
XR Adoption Barriers Setup overhead, compatibility issues, device availability, plat- 2,6

form EOL concerns

Table 2 indicates that participants primarily prioritized enhanced information access, Al-assisted
decision support, and XR-enabled verification and remote support. These themes reflect a common
objective of reducing manual effort and improving operational decision-making through timely access to
information, intelligent assistance, and context-aware interaction mechanisms. Together, they suggest
a vision in which digital technologies augment operators’ ability to access, validate, and act upon
infrastructure information efficiently.



Table 2
Future vision and desired capabilities.

Topic Desired Capability IDs

Information Access Reduce reliance on spreadsheets and paperwork, improve visi- 1,2,3
bility, and provide information at hand

Central Information Repository Provide a single source of truth for operational information 3,5

Information Sharing Enable consistent information sharing across teams and regions 6

Digital Twin Synchronization Maintain real-time alignment between physical assets and digi- 1
tal representations

Trusted Digital Verification Reduce onsite verification through trusted digital models 3

Simulation & Planning Support GPU deployment planning and datacenter retrofit sim- 5,6
ulations

Al Decision Support Assist operators through hardware analysis, recommendations, 1,3,6
and efficiency optimization

XR Visualization Provide contextual overlays on racks, cables, ports, and assets 1,2

XR Collaboration Reduce communication delays and improve operational effi- 4,5
ciency

XR Verification & Remote Support Enable AR-based verification, remote expert support, and RFID- 1,4,6
assisted inventory management
Infrastructure Monitoring Continuously monitor datacenter capacity and hardware health 4,5

Overall, participants viewed XR as a promising technology for maintenance support, infrastructure
validation, and collaboration. However, successful deployment was consistently linked to reliable,
current, and trustworthy information. Across both technical and managerial perspectives, confidence
in underlying data was viewed as a prerequisite for practical XR adoption.

3. Toward Trust-Aware XR in Mission-Critical Datacenter Operations

The interviews indicate that information access and validation are a greater challenge than information
availability. Operators routinely validate information from monitoring systems, documentation, main-
tenance records, and digital twins through cross-checking, physical inspections, and consultation with
colleagues. Consequently, uncertainty about information accuracy often increases cognitive effort and
delays decision-making. For XR systems, simply presenting information closer to physical assets does
not automatically improve trust. Operators must also understand where information originates, whether
it is current, and whether it has been verified. Similarly, Al should primarily act as an integration layer
that aggregates information from fragmented enterprise systems while preserving provenance and
verification records.

These findings suggest that future XR systems should support trust assessment alongside information
presentation. To address this requirement, we suggest a preliminary framework consisting of five design
dimensions derived from our empirical findings and research context:

« Source Transparency enables users to identify whether information originates from sensors,
documentation systems, asset repositories, digital twins, or Al-generated interpretations.

« Temporal Validity communicates when information was last updated, allowing operators to
distinguish between current and potentially outdated records.

« Verification Status indicates whether information has been confirmed through automated moni-
toring, procedural checks, human review, maintenance activities, or physical inspection.

+ Conflict Awareness explicitly highlights inconsistencies between information sources, enabling
operators to recognize uncertainty and perform additional validation when necessary.

« Confidence Indication provides an evidence-based assessment of information reliability derived
from factors such as source credibility, verification history, information age, corroborating ev-
idence, and conflicting records. Confidence should be dynamic, increasing with additional
verification and decreasing when information remains unverified over time.



To support practical use, XR systems should present these trust attributes through a layered interface. A
simple confidence indicator can provide an immediate overview during routine tasks, while additional
interaction layers reveal verification history, information recency, source provenance, detected conflicts,
and the evidence underlying confidence assessments. This approach supports both efficient operation
and deeper investigation when reliability becomes critical, although its proposed benefits remain subject
to future empirical investigation and validation.

4. lllustrative Scenario: Trust-Aware XR Decision Support

In a future datacenter environment, physical assets such as racks, servers, ports, cables, and power
equipment can be linked to digital representations through machine-readable identifiers such as QR codes
or RFID tags. Using an XR application, operators can immediately access configuration information,
maintenance records, provenance data, verification history, and confidence indicators associated with
an asset from a centralized AAS-source, reducing manual information retrieval and strengthening the
connection between physical and digital system representations.

Consider a scenario in which a remote operator reviewing a digital twin identifies a discrepancy
involving a network cable. The inventory system indicates that the cable is connected to Port Al,
while a recently uploaded photograph suggests that the cable is actually attached to Port A2. Rather
than concealing this inconsistency, the XR system makes it explicit. The inventory record is shown to
originate from the AAS and has not been verified for six months, while the photographic evidence is
more recent but partially obscured and therefore uncertain. Based on these factors, the system reports
a low-confidence assessment.

Instead of producing a definitive recommendation, the Al assistant explains [16] the available evidence
and its limitations. It reports that inventory records indicate Port A1, visual evidence suggests Port
A2, recent physical verification is unavailable, and additional validation is required. Operators can
directly inspect the evidence sources and review the reasoning process that produced the assessment.
The purpose of the Al is not to replace human judgment, but to help operators manage large numbers
of interconnected assets and identify inconsistencies more efficiently.

To resolve the discrepancy, the system initiates a verification workflow. An onsite technician inspects
the connection, confirms that the cable is connected to Port A2, uploads new photographs, updates
the documentation, and records supporting test results. As a result, confidence increases because the
connection state is now supported by recent physical inspection and additional corroborating evidence.
Operators can also examine exactly why the confidence assessment changed, including the age of the
original inventory record, the uncertainty associated with the initial photograph, and the contribution
of the new verification activities.

Even after establishing that the cable is physically connected to Port A2, a further question remains:
whether Port A2 represents the intended design state. Comparison with engineering documentation may
reveal that the inventory record was outdated, or alternatively that the cable was connected incorrectly
and requires corrective maintenance. Throughout this process, confidence remains a dynamic property
that evolves as evidence changes. Confidence decreases as information becomes outdated and increases
when new inspections, verifications, and supporting evidence become available.

5. Conclusion and Open Research Questions

This paper explored trust requirements for XR-supported operational tasks through six semi-structured
interviews with data center operators. Contrasting our findings with existing trust and confidence
indicators proposed in previous XR and Al literature suggests that participants were primarily concerned
not with the Al system itself, but with the trustworthiness of the information communicated by the
system. In particular, trust was closely associated with the ability to assess the origin, validity, and
reliability of underlying data sources. Since Al systems operate on information retrieved from enterprise
databases and monitoring infrastructures, the central challenge appears to be establishing confidence



in the data supplied to the Al and in the transparency of its transformation and presentation processes,
rather than in the Al component alone.

The findings should also be interpreted within the context of the investigated domain. Data centers
represent highly structured and tightly controlled operational environments with the opportunity of
standardized equipment, labeling conventions, identification procedures, and the AAS as a centralized
datasource. In contrast, transferring the proposed framework to more dynamic and unpredictable
environments, such as emergency response or firefighting scenarios, is likely to introduce additional
challenges. In such settings, rapidly changing conditions, incomplete information, and limited opportu-
nities for verification may affect both the feasibility and the effectiveness of confidence indicators.

Further limitations must be acknowledged. The empirical basis of this work consists of six interviews
and is therefore exploratory rather than representative. Consequently, the five dimensions presented in
this paper should be understood as a preliminary conceptual framework rather than a validated model of
trust in XR-AI systems. Future work should extend the empirical foundation of the framework through
larger and more diverse studies across different operational domains. Furthermore, controlled user
studies are required to investigate whether the proposed confidence indicators produce the anticipated
benefits in practice, including improvements in data reliability assessment, decision-making efficiency,
and operator trust. Such investigations will be essential for validating, refining, and generalizing the
framework for trustworthy XR-AlI systems.

Ultimately, as XR becomes increasingly integrated into mission-critical environments, the key chal-
lenge may no longer be how much information can be displayed, but how effectively systems communi-
cate what is known, what remains uncertain, and why. Addressing this challenge will be essential for
enabling trustworthy AI- and XR-assisted workflows in datacenters and other industrial environments.
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