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Abstract

Intensive Care Unit (ICU) nurse handovers involve the exchange of
highly complex, multivariate patient information in a fast-paced en-
vironment prone to unpredictable emergency eveng. [Although

the Electronic Health Record(EHR) contains comprehensive patient
details, it is highly time-consuming to navigate. ICU nurses spends
approximately 22% of their time with EHR and a survey found that
many of them use EHR mainly to verify patient informatiod§]

[17. Within the EHR, critical data is frequently fragmented across
separate tabs and ow sheets, creating data silos rather than a sin-
gle integrated interface that e ectively supports data comparison
and cognitive decision-makingll]. Therefore, this paper aims to
evaluate the potential of Mixed Reality (MR) devices to serve as a
single, border-less source of integrated information to assist the
handover process givens its potentials and promising results in
medical training fL7] [13 [4]. Two prototypes were developed for
this study: a uni ed dashboard and a spatially anchored immersive
space, designed to test their e cacy in supporting the handover
process. To evaluate the e ectiveness of these prototypes, the study
employs a user-centred methodology, incorporating expert feed-
back and practical testing by PhD nursing students with active
handover experience.

Keywords

Mixed reality, ICU nurse handover, electronic health records, situ-
ated visualisation

1 Introduction

Nurse handover is a critical process in healthcare that involves the
formal transfer of patient information, clinical responsibility, and
accountability between nurses during shift changes. In intensive
care units (ICUs), this process is particularly important because
patients are often medically complex, unstable, and dependent on
continuous monitoring and timely decision-making. E ective han-
dover supports continuity of care by enabling incoming nurses to
understand the patient's current condition, recent changes, risks,
and ongoing priorities. However, ine ective handover can compro-
mise patient safety when essential information is omitted, misun-
derstood, or not communicated in a timely manner. In Australia,
approximately seven million clinical handovers occur in hospitals
each year 2], and Ye et al. found that 15.4% of emergency depart-
ment handovers lacked required information, which contributes to
adverse events late2P]. Communication breakdown has also been

1

71
identi ed as a major contributor to failed handover2(]. These 72
risks are ampli ed in ICU environments, where nurses must com- ;3
municate complex and rapidly changing patient information while -4
remaining prepared to respond to acute clinical events [9]. 75
ICU handover is not only a transfer of clinical facts, but also a col- -+
laborative sense-making process in which outgoing and incoming -7
nurses develop a shared understanding of the patient. During han-g
dover, nurses must communicate and interpret multiple categories ;9
of information, including vital sign trends, medication changes, lab- g
oratory results, ventilation status, infusions, care plans, risks, and g;
pending tasks. This requires incoming nurses to rapidly construct g,
a mental model of the patient's current situation and anticipate g3
potential risk and care priorities. However, this process can be g,
a ected by time pressure, interruptions, di erences in communi- g5
cation style, and cognitive workload. Previous work has shown g4
that verbal handover can su er from information degradation and g
omission, especially when large amounts of patient information gg
must be digested under pressur@.[At the same time, verbal and g
face-to-face handover remains valuable because it allows questionsyy
and clari cation tailored to the local clinical context]§]. There- o1
fore, technologies designed for handover should support, rather o,
than replace, the collaborative communication that occurs between o3
nurses. 04
Electronic health records (EHRSs) play an important role in sup- o5
porting handover because they serve as the central repository for o4
all of patient data, tracking the patient's entire medical history in o,
detail. However, current EHR use does not fully resolve the chal- o5
lenges of ICU handover. A systematic review found that inpatient o9
nurses spend approximately 22% of their workday interacting with 149
the EHR, indicating that EHR use forms a substantial part of nursing 1o,
work ow [ 14. However, the presence of patient data in the EHR 1,
does not necessarily mean that the information is easy to synthesise 13
during handover. Lindroth et al. found that ICU nurses commonly ;¢4
use the EHR during handover to verify verbal information, while 145
majority of surveyed ICU nurses reported that current EHR visu- 106
alisation was insu cient [12. A key limitation to this is because 147
patient data are often distributed across separate tabs, ow sheets, g
and systems rather than integrated into a single coherent view 1o
[19. As a result, nurses may need to navigate multiple sources to ;19
reconstruct the patient's condition, which increase their cognitive 11,
workload. This demonstrates the necessity for nurse-centred inter- 11,
faces designed to alleviate cognitive load and eliminate interface ;3
fragmentation, providing a more streamlined way to synthesise ;1,4
critical clinical data. 115
116
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Mixed reality (MR) o ers a promising direction for addressing

Trovato et al.

support shared understanding, and reduce unnecessary cognitivel7s

these challenges because it can present digital patient information burden during high-risk transitions of care. 176
within the physical clinical environment. Unlike conventional EHR 177
interfaces that require users to navigate through multiple tabs and 178
screens, an MR handover system could provide a shared visual space? Related Work 179

where outgoing and incoming nurses review critical information to-
gether, clarify uncertainties, and develop a common understanding
of the patient's condition. MR may support handover by enabling
situated visualisation, spatial organisation of information, and col-
laborative interaction. However, MR should not be assumed to
automatically reduce cognitive workload. Prior research on aug-
mented and mixed reality suggests that immersive interfaces can
reduce cognitive load when information is well integrated, but they
can also introduce additional perceptual and interaction demands
if poorly designed fi]. Therefore, the potential value of MR for ICU
nurse handover depends not only on the technology itself, but also
on how clinical information is spatially organised and presented.

This study investigates the potential of MR as an assistive tool
for ICU nurse handover, with a focus on how spatial interface de-
sigh may a ect information sharing, retention, and cognitive load
for incoming nurses. Speci cally, this research compares two MR
design conditions. The rst is a uni ed dashboard that consoli-
dates key clinical data into a single spatial view to reduce context
switching and fragmented navigation. The second is a spatially
anchored immersive layout that embeds information within the
surrounding environment to support situated understanding and
spatial memory. These two conditions represent di erent design
strategies for supporting the same handover task: one priorities
information consolidation, while the other priorities contextual
and spatial organisation. The aim of this study is not to replace
traditional verbal handover, but to examine the potential of MR
spatial interfaces to assist incoming nurses in integrating complex
patient information more e ectively while maintaining manageable
cognitive load.

By evaluating these two MR design conditions, this study ad-
dresses the gap between existing handover support tools and the
need for collaborative, nurse-centred interfaces that help incom-
ing ICU nurses form a clear and memorable understanding of the
patient. The study is guided by the following research questions:

RQ1 (Information Retention): How do di erent MR spa-

tial interface con gurations (Uni ed Dashboard vs. Spa-
tially Anchored Space) a ect an incoming nurse's retention
and recall of critical ICU handover data?

RQ2 (Cognitive Load): How do these MR spatial interface
con gurations a ect incoming nurses' perceived cognitive
load during ICU handover?

RQ3 (Design Considerations): What user experience and
spatial design considerations emerge from practitioner feed-
back to guide the design of future collaborative MR han-
dover systems?

Through this investigation, the thesis contributes to human-
computer interaction and healthcare interface design by exploring
how MR can be designed to support collaborative sense-making
in ICU handover. The ndings may inform future development
of spatial clinical interfaces that improve information visibility,

2

2.1 Design Requirements for Nurse Handover 1?

Support 182

Prior studies suggest that clinical handover tools should satisfy sev- 183
eral design requirements to support nurses in highly acute environ- 184
ments. First, they should support the construction of a rapid patient 185
overview. ICU handovers involve multiple forms of time-sensitive 186
and interdependent patient data, including vital sign trends, labora- 187
tory results, infusions, ventilator settings, medications, and pending 188
care tasks 9]. From a nursing perspective, Lindroth et al. identify 189
several big picture' data elements that direct care ICU nurses con- 190
sider important at the start of a shift, including haemodynamic, con- 191
tinuous IV medications, laboratory results, mechanical circulatory 192
support, code status, and ventilation status?. This suggests that 193
handover tools should not simply reproduce isolated EHR values, 194
but should help incoming nurses form an integrated understanding 195
of the patient's current condition and care priorities. 196

Second, handover tools should preserve collaborative communi-197
cation. Handover is not merely a transfer of raw data, but a social 198
and interpretive process through which outgoing and incoming 199
nurses develop shared understanding. Carroll et al. found that in- 200
coming and outgoing nurses may have di erent expectations of a 201
good handover: incoming nurses often value conversation, ques-202
tions, and eye contact, while outgoing nurses may prefer to deliver 203
their report with fewer interruptions [5]. Similarly, Randell etal. 204
argue that technology should support rather than replace verbal 205
handover, because face-to-face communication allows clari cation, 206
contextual explanation, and exible access to additional information 207
when needed1§. Therefore, a technological intervention for ICU 208
handover should function as a shared reference point for discussion,209
rather than as a substitute for nurse-to-nurse communication. 210

Third, handover tools should reduce fragmentation across infor- 211
mation sources. EHRs are already central to nursing work, with 212
inpatient nurses spending a substantial proportion of their work- 213
day interacting with EHR systemslf]. However, Lindroth etal. 214
found that ICU nurses often use the EHR during handover mainly 215
to verify verbal information, while many reported that current 216
EHR visualisation was insu cient L2. Relevant clinical informa- 217
tion may be distributed across tabs, ow sheets, notes, and bedside218
monitoring systems, requiring nurses to search across multiple 219
locations and mentally integrate the information. Similar issues 220
have been reported in dashboard research outside the ICU contextz2t
where Swartz et al. argue that EHR systems can fragment clinically 222
related information across separate modules, increasing the cogni-=23
tive e ort required to form a holistic understanding of the patient 224
[19. Festila and Miller further show that information quality in 225
critical care is shaped by interactions between human actors and 226
information and communication technologies(ICTs), suggesting 227
that patient information may lose accuracy, completeness, or clar- 228
ity as it moves through both verbal communication and digital 229
systems §]. This indicates a need for handover tools that integrate 230

clinically related information into a more coherent visual structure. 231
232
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Finally, handover tools should manage cognitive load. ICU han- the digital workspace to their preferences, such as freely reposi-291
dover already involves high intrinsic cognitive load because nurses tioning digital information within the physical environment. The 292
must interpret complex and interdependent clinical data. Poor in- study also indicates that immediate access to relevant patient in-293
terface design may add extraneous cognitive load when nurses are formation can support nurses' perceived competence during care 294
required to switch between screens, remember disconnected values,tasks. However, the same study also highlights an important design 295
and manually reconstruct relationships between data. Cognitive risk. Immersive device may a ect interpersonal connectedness be-29
Load Theory suggests that presenting related information in spa- cause the device may obstruct eye contact and make gesture-base@”
tially and temporally integrated formats can reduce unnecessary interaction appear socially awkward to other observef§.[This 298
processing demandgl]. However, immersive technologies can also is particularly relevant to ICU handover, where communication, 29
introduce new perceptual and interaction demands if poorly de- eye contact, and shared attention between outgoing and incoming 300
signed H]. For this reason, the design of MR-supported handover nurses remain important to overcome the standard handover chal- 301
should not only aim to increase information visibility, but also  lenges p]. Therefore, MR interfaces must have a careful design to 302
examine how di erent spatial con gurations a ect information ensure interface supports these collaborative purposes, rather than3os
retention, cognitive load, and collaborative communication. disrupting collaborative communication. The potential bene ts of 304
MR must also be considered alongside its inherent cognitive de-305
mands. Buchner et al. found mixed evidence regarding immersive 306
. . . technologies and cognitive load; while some studies suggest that it 307
2.2 V'_S‘?a' and Mixed R_eallty Interfaces for can reduge cognitivegload by integrating information withgt%e phys- 308

Clinical Sense-Making ical environment, others show that it may be distracting and even 309
Prior work on clinical visualisation provides one possible direction  cognitively demanding when it presents too much information or 310
for support information integration. Koch et al. suggest thatinte- requires unfamiliar interaction4]. This points to the importance 311
grated displays may improve ICU nurses' situation awareness by of spatial interface design when applying MR to ICU handover. 312
reducing the need to gather information from multiple monitoring A uni ed dashboard may reduce fragmentation by consolidating 313
devices 0. Their observations highlights that ICU nurses perform  information into one view, while a spatially anchored layout may 314
an average of 23.4 tasks per hour, yet the data required for these support situated understanding by distributing information in rela- 315
tasks is frequently inaccessible, di cult to view at a distance, or  tion to the clinical environment. However, either approach could 316
distributed across separate systems. This supports the idea that also introduce new demands, interaction complexity, or divided 317
handover interfaces should not merely make raw data available, but attention if poorly designed. Therefore, this study evaluates MR 318
also organise information in ways that actively reduce cognitive as an assistive tool for ICU nurse handover, examining whether 319
e ort to help nurses perceive, understand, and anticipate changes MR-supported handover can reduce the cognitive load, improve 320

in the patient's current condition [10]. information retention, and support perceived usefulness, by com- 321

Large and shared visual displays have also been explored as tools paring whether a uni ed dashboard or a spatially anchored layout 322
for supporting ICU care transitions. To address the need for data better supports these outcomes. 323
consolidation, researchers have designed large-display interactive 324

visualisations that help clinicians nd, lter, organise, and annotate 325

patient information during hando s R1]. The display was designed 3 ) MethOdObg_y and System Design ) 326
in a way that support both overview and detail views, enabling 1 1S chapter describes the methodology, prototype design, study s,
anomaly detection and data comparison across a shared screen Procedure, measures, and ethical considerations used .to evaluate,g
This is relevant to handover because it treats visualisation not only th€ Proposed MR system for ICU nurse handover. Speci cally, the
as a way to display data, but also as a shared workspace for col- Study compared two MR interface con gurations 330
laborative decision-making. However, because the large displays 331
remain limited by their physical location, clinicians conducting bed- 332
side handovers may still need to visually move between the distant
display, the patient, and other colleagues. This limitation motivates

(1) Uni ed Dashbhoard: Integrates all critical handover infor-
mation into a single virtual dashboard.

(2) Spatially Anchored Situated Visualisations: Distributes
the same information dynamically around a simulated ICU

the interes_t in ";ituate_d visualisation”, exploring how immersive bed according to contextual relevance (e.g., medication de3®
technologies might bridge the gaps between digital data and the tails near the IV pole, patient diagnosis above the patient). **°
physical world. Situated visualisation addresses some limitations of 337
the xed displays by anchoring digital information directly to rele- 338
vant real-world locations or physical referent§], MR may there- ~ 3-1  Research Methodology 339

fore provide a design space for placing clinical information in ways This research adopts a Design Science Research (DSR) methodé#o
that are more closely aligned with the collaborative context of an ogy. DSR is commonly used in information systems research to 341
ICU handover. Recent healthcare research suggest that immersive address real-world problems through the design and evaluation of 342
interfaces is capable of support nursing tasks when they designed technological artefactsg]. This methodology was selected because 343
around the clinical user needs. For example, Albrecht-Gansohr et al. the study aims not only to understand challenges in ICU nurse 344
[1] developed an application using HoloLens 2 to support wound handover, but also to develop and evaluate an MR artefact that may 345
care management. Their ndings suggest that immersive technol- support collaborative communication, information retention, and 346

ogy can support nurses' autonomy when users are able to adapt cognitive load management. The research process was structureds?
3 348
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into three stages. First, literature on ICU handover, EHR visualisa- paired with trend indicators where appropriate, allowing usersto 407
tion limitations, situated visualisation, and immersive healthcare identify critical changes on whether the patient was improving or 408
technologies was reviewed to identify design requirements. Second, deteriorating. 409
a functional MR prototype was developed for the Apple Vision Pro. Finally, to ensure the clinical plausibility of the research arte- 410
To align the artefact with clinical handover practice, patient infor-  fact, the simulated handover scenarios were generated with the 411
mation in the prototype was structured using the ISBAR framework: assistance of arti cial intelligence and subsequently reviewed by a 412
Identify, Situation, Background, Assessment, and Recommendation healthcare expert before the user study. This expert review accessed13
[17] [2]. Third, the prototype was evaluated through a controlled  whether the scenarios covered the main types of information com- 414
user study in which the participants, who were practising nurses monly transferred during ICU nurse handover, thereby improving 415
or PhD nursing students, completed simulated ICU handover tasks the clinical relevance and clarity of the scenarios before participant 416

using both the Uni ed Dashboard and Spatially Anchored Situ- testing. 417
ated Visualisations. The evaluation primarily focused on qualitative 418
feedback regarding user experience, perceived usefulness, and spa3.3  Prototype and Interface Design 419

tial design considerations. Information retention and perceived 1o MR prototype was developed for the Apple Vision Pro to sup- 420
cognitive load were also collected as descriptive indicators to con- port simulated ICU nurse handover using two interface con g-
textualise participant responses. urations: a Uni ed Dashboard and Spatially Anchored Situated 422
Visualisations. Both conditions presented the same categories of:24
ISBAR-based handover information, including patient identi ca-

3.2 Design Rationale ; , ; . ) 425
L ) tion, current diagnosis, aculity, allergies, code status, relevant back-426
The prototype's information was structured around the ISBAR .60 vital signs, active infusions, lines and access, abnormal

framework: Identify, Situation, Background, Assessment, and Rec- |aporatory results, treatment plan, escalation concerns, and sys-~’
ommendation. ISBAR was selected because it is commonly used in g assessment. The two conditions di ered primarily in how this  **°
Australian clinical handover practice and provides a standardised jtormation was spatially organised and accessed within the MR 429
structure for communicating complex patient informatior2][ In environment. 430
this project, ISBAR was used both as the communication frame-

X . . X The purpose of designing two interface con gurations was to
work for the handover script and as the information architecture gy 166 how di erent spatial arrangements may in uence handover
for organising patient data within the MR interfaces.

. . - 433
. ; . . . experience. The Uni ed Dashboard represented a centralised ap- .
The design was informed by local health district training materi- 5 54ch where information was consolidated into a single large
als, including a South Western Sydney Local Health District ISBAR \r1,4| display. In contrast, the Spatially Anchored Situated Visu- **°
training video [1§ and a Western Health EMR-related handover

i - o X X alisations represented a distributed approach, where information jzj
video [7], alongside empirical studies of ICU handover informa- 5 ne|5 were placed around a simulated ICU bed according to con-

tion needs. Thgse materials helped the student researcher, who did o.1,a1 relevance. This allowed the study to compare a compact 222
not have a clinical background, understand the expected structure, gy arview layout with environmentally situated layout.

content, and sequencing of clinical handover. Kowitlawakul et al's 440
observational study of ICU handovers was particularly relevant, 3.3.1 Unified Dashboard. The Uni ed Dashboard condition pre-441
as it identi ed patient background, current condition, completed sented the handover information within a single large virtual dash- 442
tasks or interventions, abnormal ndings, and actions related to  board positioned in front of the participant, as shown in Figure 1. 443
abnormal ndings as among the most frequently included infor- The dashboard used a modular card-based layout, where each panel44
mation during ICU handover11]. Similarly, Lindroth et al. found represented a di erent category of patient information. For exam- 445
that direct care ICU nurses prioritise hemodynamics, continuous ple, the patient header provided the patient's name, diagnosis, bed446
intravenous medications, laboratory results, code status, and venti- location, medical record number, ICU day, acuity status, allergy sta-447
lation status at the start of a shift]4. These ndings guided the tus, code status, and overall clinical trend. Other panels displayed448
selection of information categories included in the prototype. Con- vital signs, relevant background, active infusions, lines and access349
sequently, the prototype included patient identi cation, diagnosis, abnormal laboratory results, treatment plan, escalation concerns,450
acuity, allergies, code status, relevant background, vital signs, active and systems assessment from head to toe. 451
infusions, lines and access, abnormal laboratory results, treatment ~ This condition was designed to support rapid overview and 452
plan, escalation concerns, and systems assessment. These categoriesomparison across information categories. By presenting the major 453
were intended to provide an overview of the patient's current status  handover components in one visual eld, the dashboard aimed 454
while also supporting rapid access to clinically signi cant details.  to reduce the need for spatial searching and allow participants 455

The interface was designed to prioritise clinically signi cantin-  to quickly connect related information. For example, abnormal 456
formation and support rapid sense-making. Rather than presenting laboratory results could be viewed alongside active infusions and 457
raw patient data alone, the prototype emphasised abnormal values, treatment priorities, supporting interpretation of how the patient's 458
recent trends, and care priorities. Prior work on clinical dashboards current condition related to ongoing treatment plan. 459
and ICU hando visualisation suggests that integrated displays can Visual hierarchy was used to help participants identify clinically 460
help clinicians organise fragmented information, identify anom- important information. Abnormal values were colour-coded, and 461
alies, and compare relevant data during care transitioh§ R1]. trend indicators were included where appropriate to show whether 462

Therefore, abnormal values in the prototype were colour-coded and values were improving, worsening, or remaining stable. Vital signs 463
4 464
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Figure 2: Spatially Anchored Situated Visualisations condi- 535

tion showing handover panels distributed around the simu- 536

Figure 1: Uni ed Dashboard condition showing consolidated lated ICU bed. 537
ICU handover information in a single virtual display. 538
539

the study to examine not only the potential bene ts of situated 540

were displayed with simple trend graphs covering the previous visualisation, but also whether distributing information across the
12 hours, allowing participants to interpret recent changes from environment could increase navigation demands during handover.
last shifts rather than relying only on raw numerical values. The
dashboard therefore functioned as a centralised handover summary,
intended to provide a big picture overview of the patient at the
start of a shift.

542

3.3.3 Interaction and Collaboration Features. Both interface corp43
ditions supported basic MR interactions, including moving, repo- 544
sitioning, expanding, and collapsing information panels. These 545
interactions allowed participants to adjust the interface according 546
3.3.2 Spatially Anchored Situated Visualisations. The Spatially An-to viewing comfort and personal preference. Previous literature 547
chored Situated Visualisations condition presented the same han- suggests that allowing nurses to exibly con gure their digital 548
dover information as separate virtual panels distributed around workspace can increase their sense of autonomy and competence49
a simulated ICU bed, as shown in Figure 2. Instead of placing all [1]. In the Uni ed Dashboard condition, participants could reposi- 550
critical information in a single dashboard, this condition explored a tion the order of each panel to match their preferred communication 551
distributed approach by positioning panels near relevant physical style. For example, if a participant preferred to begin the handover 552
locations in the ICU environment. For example, active infusion by discussing abnormal laboratory results, they could move the cor- 553
information was placed near the 1V pole, while patient background responding section to an earlier position in the dashboard. Similarly, 554
and systems assessment information were arranged around the pa- in the Spatially Anchored Situated Visualisations condition, partici- 555
tient space. By anchoring virtual information near these contextual pants could interact with individual panels distributed around the 556
references, the interface aimed to make the handover environment ICU environment. 557
more spatially meaningful. Expandable and collapsible panels were included to support 558
This design was informed by the idea that spatially located in- progressive disclosure of information. This allowed the interface to 559
formation may support memory by allowing users to associate show high-level categories while still allowing participants to access 560
information with locations in the surrounding environment. Ponce  more detailed information when needed. For example, a collapseds61
et al. found that MR can be e ective for short-term spatial memory  panel could show only the section title, while an expanded panel 562
assessment, with users transferring object-location information displayed the full handover content. This interaction design aimed 563
into a mental map of the environmentl. In the context of ICU to reduce unnecessary visual clutter while preserving access to 564
handover, this suggests that placing information near relevant bed- clinically relevant details. 565
side objects may help users form spatial associations between clin-  The prototype also included a SharePlay-based collaboration566
ical data and the care environment. Consequently, this condition feature that allowed users to share their view with each other, sup- 567
was designed to explore whether spatially situated information porting awareness of what the other user was viewing or doing 568
could support an incoming nurse's contextual understanding of the  during the handover. Users could also see each other's spatial pers69
patient's overall status. sona during the handover, as shown in Figures 3 and 4. This feature570
However, distributing information across the environment may  was included because head-mounted MR devices may obstruct nats71
also introduce cognitive trade-o s. While spatial placement may ural face-to-face cues, such as direct eye contact and facial visibility,572
support contextual memory and immersion, participants may need which have been identi ed as potential barriers to interpersonal 573
to look around the environment to locate di erent information connectedness and trust in nursing context.[Since handoveris 574
categories, increasing visual search e ort and divided attention. a relational activity where nonverbal behaviours and eye contact 575
Prior research on AR and cognitive load has shown that immersive can contribute to shared understanding][ the spatial personawas 576
interfaces can reduce cognitive load in some contexts, but may also intended to mitigate the visual obstruction caused by the headset 577
become distracting or cognitively demanding when too much infor- and support a sense of co-presence and shared attention betweens
mation is presented at oncel]. This condition therefore allowed the incoming and outgoing nurse. 579
5 580
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