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1 Introduction

Nurse handover is a vital process in healthcare. It is the formal transfer of
patient information, responsibility, and accountability between nurses during
shift changes. Effective handovers ensure continuity of care, improve patient
safety, and reduce the risk of medical errors. On the other hand, ineffective
handovers can harm patient outcomes. According to the Joint Commission
(2017), failed handovers are a significant factor contributing to adverse events
and potential patient harm, often due to communication issues between the
sender and receiver. More recently, the Joint Commission (2024) reported
that approximately 67% of communication errors are associated with han-
dovers and the transfer of patient care responsibility. This highlights the
urgent need to enhance handover practices.

In intensive care units (ICUs), the stakes are even higher. The medical
complexity of ICU patients requires more intensive and specialised care, mak-
ing the handover process much more complicated than in standard health-
care settings (Kowitlawakul et al., 2015). Traditionally, handovers occur
through verbal communication or written notes (Pothier et al., 2005). While
verbal handovers are common in emergency and critical care due to their
efficiency, they are also vulnerable to errors. Particularly, cognitive overload,
especially when dealing with large amounts of critical data, often leads to
information loss and omissions (Festila & Müller, 2021). Additionally, the
time-pressured environment of ICUs requires the handovers to be completed
quickly, as the nurses may need to attend to clinical events urgently (Hoskote
et al., 2016). These challenges reveal a persistent issue: how can nurses effec-
tively exchange the handover information while maintaining a low cognitive
load without compromising critical details?

Emerging technologies may provide a solution. Mixed reality (MR) over-
lays digital information onto the physical environment, showing promise in
transforming healthcare practices (Gansohr et al., 2022; Albrecht-Gansohr
et al., 2024; Ricci et al., 2025). By enabling interactive and situated visu-
alisation and providing a unified space for information transfer, MR could
potentially improve the completeness, cognitive load, and efficiency of ICU
handovers. This highlights the potential of mixed reality as a promising solu-
tion to provide an innovative approach to the longstanding problems of tra-
ditional nurse handover practices. However, there is still limited guidance on
how nurses should utilise this technology for collaborative handovers. Ques-
tions persist about how MR can best support communication among nurses,
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facilitate the transfer of critical data, and integrate seamlessly into the fast-
paced work of the ICU. To address this issue, this research will explore design
opportunities for a collaborative ICU nurse handover system using mixed re-
ality. The goal is to create guidelines to ensure both usability and clinical
effectiveness.

This literature review aims to investigate how mixed reality and related
design principles can be leveraged to enhance communication and informa-
tion transfer in ICU nurse handovers. In the substantive literature review
section, the first subsection will introduce the concepts of MR technology and
examine current applications within the context of medical environments.
The second subsection will analyze common practices in nurse handover and
factors affecting information-sharing effectiveness. The third subsection will
explore information design principles for immersive technology in healthcare,
particularly how AR and MR can reduce cognitive load through integrated
information presentation. The next part of this literature review is the re-
search project plan which outlines the expected timeline to implement the
MR technology and evaluation of the prototype with ICU nurses based on the
feedback collected. Following the research plan are the ethical considerations
for the application of MR in ICU settings. This part will focus on ensuring
the research process is in compliance with Monash ethics standards such as
de-identifying the data collected to protect the privacy of the nurses and
minimizing the harm to all stakeholders involved. At the end of this litera-
ture review, comprehensive insights and findings will be presented, focusing
on how the MR prototype can be designed to help revolutionize the current
ICU handover process, ensuring information sharing efficiency and minimiz-
ing the cognitive loads on ICU nurses. Ultimately, this literature review will
contribute to the continuous development of the MR implementation for ICU
nurse handover.

2 Substantive Literature Review

This section provides a comprehensive exploration of literature relevant to
the research questions. The first subsection explores the application of mixed
reality in medical environments, establishing foundational concepts and cur-
rent implementations. The second subsection will analyse common nursing
handover practices and factors affecting information transfer effectiveness.
The third subsection examines some potential design principles for immersive
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technologies to improve information sharing effectiveness with low cognitive
loads.

2.1 Application of Mixed Reality in Medical Environ-
ment

2.1.1 Background of Immersive Technology

According to the explanation provided by Lo et al. (2025), virtual real-
ity(VR), augmented reality(AR) and mixed reality(MR) fall under the um-
brella term extended reality (XR), with their main difference being the level
of immersion. From an immersive spectrum perspective, AR sits at the left-
most end as the least immersive, since it only overlays digital elements onto
the real world. VR sits at the other end, providing full immersion into a com-
pletely virtual environment. MR occupies the middle ground, as it blends
both real and virtual environments such that digital objects can be inter-
acted with and augmented by Ricci et al. (2025) have identified some usage
of immersive technology in medical education. For example, VR has been
effectively applied to train technical skills, such as laparoscopic procedures,
while AR has supported haemorrhage management training by enhancing
situational awareness and decision-making. In this section, relevant AR, VR
literatures will be included and discussed as these technologies share fun-
damental principles that still provide informative insights towards the MR
development.

2.1.2 Immersive Technologies for Patient Care and Clinical Train-
ing

Albrecht-Gansohr et al. (2024) demonstrates the potential of applying AR
technology in wound management through a user-centered design approach
grounded in Self-Determination Theory (SDT), aim to bring positive effects
on the user’s well-being through satisfaction of three key psychological needs:
autonomy, competence, and connectedness. In their qualitative study, they
obtained positive results on the general experiences of using AR glasses and it
enhanced both autonomy (through ability to position windows and customize
their digital workspace freely as illustrated in Figure 1(b)) and competence
(such as reference images that support accurate wound assessment and ob-
served changes in wound from past observation) in nurses. A key insight
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Figure 1: AR prototype on supporting nurses in wound management
(Albrecht-Gansohr et al., 2024). (a) Patient’s status overview (b) Windows
is movable according to nurse preference. (c) Documentation interfaces for
pain score (d) Additional window to record wound stage

from Albrecht-Gansohr et al. (2024) is that immersive technologies must be
designed to satisfy users’ psychological needs—particularly autonomy and
competence. In other words, the nurses should perceive themselves as capa-
ble and in control of using the technology, willingly to pick up the technology
because they truly believe it will improve their performance, rather than ob-
ligated to adopt them due to external factors.

Gansohr et al. (2022) provide another evidence for reducing cognitive
load and emotional exhaustion among nurses by applying AR to support
medication dispensation (as shown in Figure 2). One key advantage of AR
is being hands-free with continuous visual access, allowing nurses to per-
form tasks simultaneously while using the AR glasses. Their study found
that experienced nurses prefer to have an overview of all medications for ef-
ficiency, while novice nurses prefer to have step-by-step guidance to prevent
errors. Apart from that, they also found that nurses appreciated AR’s space
efficiency which makes it more convenient than PC, in cases where space is
limited and documentation is distributed in multiple places. Additionally,
Tharun et al. (2025) have applied similar strategies using audio cue, visual
guides and instructions for teaching proper tourniquet application, a crit-
ical skill for controlling severe bleeding that can increase survival rates in
trauma situations (as shown in Figure 3). Through their usability study, all
20 participants without medical experience successfully complete the train-
ing while reporting low cognitive workload and minimal simulation sickness.
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Figure 2: Low-fidelity AR application on medical dispensaries (Gansohr et
al., 2022). (A) Context of using AR in medical dispensaries, (B) Dispense
medication according to prescription, (C) Displays important information
about medicine usage (D) Display checklists for error recognition

Figure 3: Snapshot of the AR application guiding participants step by step
in learning to use tourniquet properly (Krishant Tharun et al., 2025)

These findings are highly relevant to the design of MR in ICU handover,
where similar visual cues and step-by-step guidance could reduce cognitive
overload and help novice nurses feel more confident while reducing errors in
patient care tasks.

2.2 Common Practices in Nurse Handover and Factors
Affecting Information Sharing Effectiveness

Multiple nurse handover methods exist, ranging from purely verbal exchanges
and verbal communication with note-taking, to pre-prepared sheets supple-
mented by verbal clarification (Pothier et al., 2005). Additionally, many hos-
pitals have also adopted checklists and structured communication techniques,
such as SBAR (Situation, Background, Assessment, and Recommendation),
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a communication framework designed to facilitate effective information shar-
ing by creating a common information structure (Kowitlawakul et al., 2015).
According to South Western Sydney Local Health District (2016), the correct
nurse handover follows a structured process where outgoing staff transfer es-
sential patient information to incoming staff, including patient identification,
relevant medical history, current medications, recent observations, complica-
tions, last checks and medications, and agreed care plan. In ICU settings,
handovers become particularly complex due to the volume and criticality of
patient data. Laboratory results, medication charts and radiological investi-
gations are but a few critical pieces of information stored in electronic health
records (EHRs) and nurses often rely on their memory and paper records
during the handover process (Kowitlawakul et al., 2015). This section will
analyze current nurse handover practices by examining how duration impacts
effectiveness, exploring the communication patterns that facilitate or hinder
information transfer, and identifying nurses’ preferences for information dis-
play and organization.

2.2.1 Relationship between Duration of Handover and Handover
Effectiveness

Based on Carroll et al. (2012), they observed that the general nurse han-
dover is conducted verbally with an average time of 5.4 minutes per patient,
while (Hoskote et al., 2016) observed that average time for nurse handover in
ICU settings is about 2.5 minutes per patient. This shorter duration in ICUs
appears counter-intuitive as the complexity of data is higher, yet reflects
the time pressures within the ICU environments. ICU Nurses in Hoskote
et al.’s study revealed that if the handover is too long, they would most
likely risk leaving the handover incomplete as they may be called to attend
acute clinical events without notice. Although the nurse handover duration
observation cannot be generalized to other hospitals, the relationship be-
tween nurse handover duration and effectiveness still reveals some important
patterns. Carroll et al. (2012) found that shorter nurse handover time is
directly related to the high effectiveness ratings from outgoing nurses. This
correlation is further explained by Kowitlawakul et al. (2015), who found
out that longer handovers do not correlate with better effectiveness. Rather,
they notice that longer handovers can relate to higher distractions, reducing
nurses’ ability to focus on critical information and ultimately decreasing the
nurse handover efficiency.
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Drawing attention to improving handover efficiency, these findings sug-
gest that MR technology development should help nurses focus on critical
details during handover by minimizing distractions. Structured approaches
like checklists and SBAR have proven successful in minimizing disruptions,
allowing nurses to focus on handovers and prevent task-switching behaviors
that compromise handover quality, which benefits the cognitive loads of the
nurses (Cornell et al., 2013). While these methods may not shorten the
overall nurse handover duration, they enable nurses to focus more on impor-
tant information. The findings provide important insights for user interface
(UI) design in MR development. The success of structured framework in
maintaining focus suggests that MR interfaces should incorporate a similar
approach to ensure comprehensive coverage of critical information during
nurse handovers.

2.2.2 Communication Dynamics During Handovers

As mentioned earlier, the main challenges in handover stem from communica-
tion breakdowns. Carroll et al. (2012) identified a fundamental tension aris-
ing from contradictory communication styles between incoming and outgoing
nurses. Incoming nurses prefer to follow principles of effective communica-
tion such as maintaining eye contact, nodding, and smiling, while outgoing
nurses prefer the opposite. Outgoing nurses prefer less eye contact, fewer
questions, and shorter handover durations. If an incoming nurse asks more
questions, the outgoing nurse often feels that there are some problems with
their handover. Apart from that, outgoing nurses often omit information
when they assume that incoming nurses already know the patient. As a con-
sequence, these reports become inadequately brief and raise more questions
from incoming nurses, creating a negative communication spiral between the
two parties.

This pattern is supported by Manias and Street (2000), who observed that
nurses dislike being questioned as they interpret these questions as examina-
tions of competence and critiques of their clinical practices. From the study,
some nurses even express fear and anxiety towards the question because they
are afraid about exposing what they may not know. Similarly, nurse coordi-
nator (outgoing nurse) will not provide detailed information when a patient
has been an inpatient for several days and often split attention among pa-
tients which results in some patients receiving only brief summaries. A nurse
who had not worked in recent shifts mentioned that this is particularly a
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disadvantage to them as they cannot understand the patient’s current sta-
tus due to inadequate handover information. Concerningly, the researchers
found that these brief handovers are sometimes used by nurse coordinators
to judge incoming nurses’ nursing competency.

2.2.3 Nurses Preference View of Information via Immersive Tech-
nology

Nurses prefer receiving patient information through a centralized, easily ac-
cessible format rather than having to gather fragmented data from multiple
sources. As noted by Albrecht-Gansohr et al. (2024), nurses favour position-
ing information displays where they can maintain simultaneous visual access
to both patients and their data, minimizing the disruption and effort re-
quired. Where the nurse does not have to turn away to look at patient data,
and turn back to the patients when they need to speak (as shown in Figure 4).
This preference for consolidated information is observed from the inefficien-
cies created by current fragmented systems, where medical providers often
create individual notes and to-do lists, which leads to duplication of effort
across team members (Hoskote et al., 2016). Furthermore, nurses value ag-
gregated data that has been contextualized from multiple sources compared
with raw and unprocessed information. For instance, Festila and Müller
(2021) found that even though the electronic medical records(EMR) contain
all detailed care instructions, the nurses still request for additional oral infor-
mation from other healthcare providers. This additional information allows
the nurse to contextualize the patient information using their own judge-
ment and expertise which ultimately increases the handover’s value in terms
of credibility.

2.3 Design Principles for Information Sharing with Im-
mersive Technology in Healthcare

2.3.1 Overview on AR in Relation with Cognitive Loads and Per-
formance

Research by Buchner et al. (2022), who systematically reviewed 58 stud-
ies on AR’s cognitive impact, demonstrates that 56.2% of studies reported
reduced cognitive load with higher performance when using AR, particu-
larly for procedural tasks. According to their findings, AR’s effectiveness
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Figure 4: Nurse prefer to have both patient and patient’s information in the
same view (Albrecht-Gansohr et al., 2024)

stems from its ability to enable integrated information presentation, which
prevents split-attention effects that occur when users must divide their atten-
tion between multiple information sources. Although the study emphasizes
that these results should be interpreted carefully and does not guarantee
consistent outcomes across all applications, AR may still prove useful for
procedural tasks in medical settings such as patient handover where nurses
have standardised protocols in patient care. Several design implementations
from the research are worth noting, including the importance of visual cues
and proper instructional design in optimizing AR effectiveness.

2.3.2 Notable Design Interface that Enhance Information Sharing
Effectiveness with Low Cognitive Loads

Supporting research from Thomas et al. (2017), who developed a large dis-
play interactive visualization system for ICU handovers, addresses similar
information integration challenges. Their study revealed that current ICU
care transition teams face significant difficulties in gathering and integrating
multivariate data from multiple sources and sharing aggregated information
meaningfully with others. To address these challenges, they developed a
large display visualization to support collaboration among healthcare teams.
The large display promotes shared cognition by allowing all team members
to view the same information simultaneously, facilitating data-oriented con-
versations and eliminating the context switching that frequently occurs with
smaller screens. Due to typically low visual literacy among healthcare teams,
the researchers deliberately display statistics with simpler visual encodings
to make these representations easier to interpret with less confusion and en-
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Figure 5: Large Display with Interactive Visualization of Data (Thomas et
al., 2017)

able fast comparison. Pothier et al. (2005) found that medical history and
demographics are less likely to experience data loss because they are easier
to visualize and may be used more to create a mental picture of patients
than other data types. This suggests that effective visualisation of critical
data could potentially support information retention during the handover
process. Another notable finding from Thomoas et al. (2017) is that the
healthcare teams appreciated the annotation features that allowed them to
record their observations directly onto the display. This preference for in-
teractive, contextual information input suggests that immersive technologies
like MR could potentially deliver similar collaborative benefits in nursing
handover scenarios by overlaying information directly in the nurse’s field of
view.

3 Summary of the State of the Art

Nurse handover remains a critical challenge in ICU care, where communica-
tion breakdowns, inadequate information, and cognitive overloads of nurses
can compromise patient safety. While there exist structured frameworks
such as SBAR to improve the quality of the nurse handover, persistent chal-
lenges remain, rising from the tension between outgoing nurses who prefer
brief, uninterrupted conversation and incoming nurses who seek more de-
tailed questioning (Carroll et al., 2012). The dynamics often create frus-
tration and compromise the quality of information transfer. At the same
time, immersive technologies have demonstrated their potential in related
healthcare tasks such as wound management and medication dispensation.
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In the wound management tasks, Albrecht-Gansohr et al. (2024) has shown
benefits of immersive technology such as hands-free operations which allow
nurses to multitask, and most importantly, increase nurse competency in
their task. Systematical reviews from Buchner et al., (2021) further confirms
that over half of AR-based interventions improved performance without ev-
idence of cognitive overload, improved information processing though AR’s
capability to integrate data into a single view, and prevented the user from
splitting attention to look for additional information in different locations.
Apart from that, Thomas et al., (2017) has provided promising results from
using a large display that integrates data with interactive visualization to
foster shared cognition about healthcare team and promote meaningful data
oriented conversation. Although these remain confined to large display sys-
tems the concepts and design ideas behind the implementation can can be
transferable to immersive technologies

A significant gap exists in the integration of advances from mixed reality
technology for nurse handover. Current MR applications in healthcare are
very limited and mainly focus primarily on single tasks while nurse handover
remains to suffer from fragmented information spread across multiple loca-
tions and lack of contextualized data (Hoskote et al., 2016; Festila & Müller,
2021). This gap presents an exciting opportunity to apply MR technology
specifically designed for ICU nurse handovers. By enabling nurses to di-
rectly interact with the integrated patient information, they can make faster
comparisons, foster shared cognition on the data and facilitate meaningful
data-oriented conversations during the handover. Most importantly, it en-
sures that critical patient information is transferred accurately and efficiently
to support the high quality of patient care. The nurse could also potentially
benefit from reduced cognitive overload and shorten handover duration as
the incoming nurse is less likely to raise questions when all information is
presented to them accurately.

4 Research Project Plan

This research aims to enhance collaboration between ICU nurses during han-
dover through the development of a MR application. The proposed MR
application will build upon the findings from recent studies identified in the
literature review, specifically focusing on supporting effective information
sharing and managing cognitive load during ICU nurse handovers. This sec-
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tion will detail the comprehensive project plan, including the project time-
line, research questions and aims, research design and methodology, data col-
lection procedures, experimental design, and ethical considerations regarding
data privacy.

4.1 Project Timeline

Semester 2, 2025
Task 1: Literature review (Week 1 to Week 8) This task involves

systematically reviewing existing MR applications in healthcare, analysing
current ICU nurse handover processes and communication challenges, and
identifying opportunities where MR technology can improve information shar-
ing and reduce cognitive load during handovers.

Task 2: Initial Prototype Development (Week 9 to Week 12) Fo-
cuses on developing an initial MR prototype using Unity visionOS for Apple
Vision Pro, based on literature review findings. Key activities include ac-
quiring necessary MR development skills, setting implementation milestones
for each core functionalities. Week 12 will be focusing on submitting interim
video presentations to Moodle.

Semester 1,2026
Task 3: Continue Development of Prototype and Design In-

terview Questions. (Week 1 to Week 6) Continuing with the Unity
visionOS prototype development and conducting demonstrations with super-
visors to ensure correct features implementations. Upon completion of the
prototype, design and finalise questionnaire focusing on usability, cognitive
loads assessment, and information sharing effectiveness for user evaluation.

Task 4: Prototype Evaluation (Week 7 to Week 9) This phase
involves conducting user evaluation with ICU nurses to test the prototype’s
effectiveness using the finalized questionnaires from Task 3. Ethical approval
from Monash University Human Research Ethics Committee (MUHREC)
and written informed consent of participants will be obtained prior to con-
ducting any interviews or user testing sessions.

Task 5: Feedback Evaluation and Report (Week 10 to Week 12)
Analyse the results obtained from ICU nurses to evaluate whether the MR
prototype successfully improved handover quality and achieved the research
objectives. The final thesis report will be written, detailing each key find-
ings throughout the research process, drawing conclusions, and identifying
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limitations and recommendations for future research. The report will then
be prepared for submission, concluding the research.

4.2 Research Question and Aims

ICU nurse handovers are often chaotic and error-prone. When nurses change
shifts, they struggle to share important patient information effectively due
to several factors identified in the literature review, including time pressure
to minimize handover duration, communication breakdowns, and extensive
critical data that causes cognitive overload and results in missed information.
To address these challenges, this research centres on the key question: How
can we design effective user interface and interaction techniques in Mixed
Reality environments that support ICU nurses in sharing information and
managing cognitive load during handovers? To address the key question
comprehensively, three sub-questions will be explored:

1. How can Mixed Reality be designed to affect the information exchange
and cognitive load during ICU handovers?

2. In what ways can Mixed Reality be applied to improve the communi-
cation between outgoing and incoming ICU nurses?

3. What usability and design factors most influence ICU nurses’ accep-
tance and adoption of Mixed Reality for handovers?

4.3 Research Methodology and Design

4.3.1 Research Methodology

This research adopts Design Science Research Methodology, which Delport et
al. (2024) described as “knowing through building”. This paradigm focused
on creation of knowledge through research output that addresses real-world
problems. This approach is particularly suited for this study because it sup-
ports concurrent artifact development while ensuring the insights generated
through design, reflections, or analysis can further contribute to the theoreti-
cal knowledge. The methodology proceeds with six iterative phases: problem
identification and motivation, defining objectives of a solution, design and
development, demonstration, evaluation, and communication. Its iterative
nature provides maximum flexibility and enables continuous refinement in
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future study, which is well aligned with the application of immersive technol-
ogy to enhance information sharing and reduce cognitive loads during nurse
handovers.

4.3.2 Research Design

Inspired by Albrecht-Gansohr et al. (2024), this research seeks to form in-
sights with respect to how technology can be designed to support basic psy-
chological needs and ultimately adhere to the ”ACS Code of Ethics” to strive
to enhance the quality of life for those who will be affected by the MR pro-
totype (ACS, 2023). The MR application design will be grounded in the
Motivation, Engagement and Thriving in Use Experience (METUX) model
proposed by Peters et al. (2018), ensuring the final product enhances han-
dover efficiency while reducing cognitive load on ICU nurses. The METUX
model is based on Self-Determination Theory, providing a framework for de-
signing technology that addresses autonomy, competence, and relatedness
across different spheres of user experience (as shown in Figure 6). This
includes adoption, interface, task, behavior, and overall life impact. This
multi-sphere approach comes along with some evaluation measures to ensure
that technology was designed in a way that not just succeeds at the interface
level but actually improves the intended behavior and contributes to user
wellbeing, addressing the common problem where the prototype may be en-
gaging to use but fail to support their underlying purpose. Using an example
from Peters et al. (2018), a user might find a fitness app engaging but this
does not result in willingness to exercise. Following prototype development,
user evaluation will be conducted through structured interviews and testing
sessions with ICU nurses. The evaluation protocol will follow the standard-
ized handover procedure outlined in the training video published by South
Western Sydney Local Health District (2016). The testing sessions will in-
volve one outgoing nurse and two incoming nurses, following the established
handover sequence: patient identification, relevant medical history, current
medications, recent observations, complications, last checks and medications,
and agreed care plan. Throughout the handover progress, the MR prototype
will be integrated to assess the effectiveness of the MR application in infor-
mation sharing and cognitive loads of the ICU nurses.
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Figure 6: Mutex model on designing technology that satisfies the three ba-
sic psychological needs to positive user experience outcomes across different
spheres of experience (Peters et al., 2018)

4.4 Data Collection

Several types of data will be collected in the research. This includes question-
naire data like using NASA-TLX cognitive loads assessments, user’s accep-
tance and trust for psychological measurement of autonomy and competency.
Next, behavioural data like ”agreement” between incoming and outgoing
nurses will be used to assess the accuracy of information shared between
the nurses, where both outgoing and incoming nurses must independently
identify the same piece of key information being passed over (Hoskote et
al.,2016).

4.5 Ethics and Data Privacy

This research will ensure adherence to Monash University’s ethics standards
and guidelines for human research. Approval from the Monash Human Re-
search Ethics Committee (HREC) will be obtained before any data collection,
ensuring that nurses’ rights, privacy, and data security are prioritized. Data
analysis and evaluation will commence only after ethical approval is granted.
Informed written consent will be obtained from all participants, who retain
the right to withdraw without explanation at any time. Participant safety
and comfort will be prioritized, with protocols in place to minimize disruption
to clinical workflows and address any technical issues with the MR system.
Data will be stored securely and retained for 15 years after completion of
research according to Monash University’s data retention policy.
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5 Conclusion

This literature review has established the foundational concepts of mixed re-
ality (MR) and examined its current applications in healthcare, particularly
in supporting patient care tasks by reducing cognitive load and enhancing
performance. The review demonstrates that while MR technology shows
promise for reducing cognitive load in healthcare tasks, there remains a sig-
nificant gap in research specifically addressing MR applications for commu-
nication breakdowns, information sharing inefficiencies, and cognitive load
issues in nursing handovers. The review also highlighted the complexities of
ICU nurse handover, where communication effectiveness depends heavily on
well-structured information exchange but is often undermined by conflicting
communication styles and inadequate information transfer. From these in-
sights, several design principles have been identified, emphasizing that MR
should centralize critical information to minimize split-attention effects and
support nurses’ decision-making processes.
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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 events [9]. 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 information [14]
[12]. Within the EHR, critical data is frequently fragmented across
separate tabs and flow sheets, creating data silos rather than a sin-
gle integrated interface that effectively supports data comparison
and cognitive decision-making [12]. 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 [17] [13] [4]. Two prototypes were developed for
this study: a unified dashboard and a spatially anchored immersive
space, designed to test their efficacy in supporting the handover
process. To evaluate the effectiveness 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. Effective han-
dover supports continuity of care by enabling incoming nurses to
understand the patient’s current condition, recent changes, risks,
and ongoing priorities. However, ineffective 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 later [22]. Communication breakdown has also been

identified as a major contributor to failed handovers [20]. These
risks are amplified in ICU environments, where nurses must com-
municate complex and rapidly changing patient information while
remaining prepared to respond to acute clinical events [9].

ICU handover is not only a transfer of clinical facts, but also a col-
laborative sense-making process in which outgoing and incoming
nurses develop a shared understanding of the patient. During han-
dover, nurses must communicate and interpret multiple categories
of information, including vital sign trends, medication changes, lab-
oratory results, ventilation status, infusions, care plans, risks, and
pending tasks. This requires incoming nurses to rapidly construct
a mental model of the patient’s current situation and anticipate
potential risk and care priorities. However, this process can be
affected by time pressure, interruptions, differences in communi-
cation style, and cognitive workload. Previous work has shown
that verbal handover can suffer from information degradation and
omission, especially when large amounts of patient information
must be digested under pressure [8]. At the same time, verbal and
face-to-face handover remains valuable because it allows questions
and clarification tailored to the local clinical context [16]. There-
fore, technologies designed for handover should support, rather
than replace, the collaborative communication that occurs between
nurses.

Electronic health records (EHRs) play an important role in sup-
porting handover because they serve as the central repository for
all of patient data, tracking the patient’s entire medical history in
detail. However, current EHR use does not fully resolve the chal-
lenges of ICU handover. A systematic review found that inpatient
nurses spend approximately 22% of their workday interacting with
the EHR, indicating that EHR use forms a substantial part of nursing
workflow [14]. However, the presence of patient data in the EHR
does not necessarily mean that the information is easy to synthesise
during handover. Lindroth et al. found that ICU nurses commonly
use the EHR during handover to verify verbal information, while
majority of surveyed ICU nurses reported that current EHR visu-
alisation was insufficient [12]. A key limitation to this is because
patient data are often distributed across separate tabs, flow sheets,
and systems rather than integrated into a single coherent view
[12]. As a result, nurses may need to navigate multiple sources to
reconstruct the patient’s condition, which increase their cognitive
workload. This demonstrates the necessity for nurse-centred inter-
faces designed to alleviate cognitive load and eliminate interface
fragmentation, providing a more streamlined way to synthesise
critical clinical data.
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Mixed reality (MR) offers a promising direction for addressing
these challenges because it can present digital patient information
within the physical clinical environment. Unlike conventional EHR
interfaces that require users to navigate through multiple tabs and
screens, anMR handover system could provide a shared visual space
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 [4]. 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-
sign may affect information sharing, retention, and cognitive load
for incoming nurses. Specifically, this research compares two MR
design conditions. The first is a unified 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 different 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 effectively 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 different MR spa-
tial interface configurations (Unified Dashboard vs. Spa-
tially Anchored Space) affect an incoming nurse’s retention
and recall of critical ICU handover data?

• RQ2 (Cognitive Load): How do these MR spatial interface
configurations affect 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 findings may inform future development
of spatial clinical interfaces that improve information visibility,

support shared understanding, and reduce unnecessary cognitive
burden during high-risk transitions of care.

2 Related Work
2.1 Design Requirements for Nurse Handover

Support
Prior studies suggest that clinical handover tools should satisfy sev-
eral design requirements to support nurses in highly acute environ-
ments. First, they should support the construction of a rapid patient
overview. ICU handovers involve multiple forms of time-sensitive
and interdependent patient data, including vital sign trends, labora-
tory results, infusions, ventilator settings, medications, and pending
care tasks [9]. From a nursing perspective, Lindroth et al. identify
several “big picture’” data elements that direct care ICU nurses con-
sider important at the start of a shift, including haemodynamic, con-
tinuous IV medications, laboratory results, mechanical circulatory
support, code status, and ventilation status [12]. This suggests that
handover tools should not simply reproduce isolated EHR values,
but should help incoming nurses form an integrated understanding
of the patient’s current condition and care priorities.

Second, handover tools should preserve collaborative communi-
cation. Handover is not merely a transfer of raw data, but a social
and interpretive process through which outgoing and incoming
nurses develop shared understanding. Carroll et al. found that in-
coming and outgoing nurses may have different expectations of a
good handover: incoming nurses often value conversation, ques-
tions, and eye contact, while outgoing nurses may prefer to deliver
their report with fewer interruptions [5]. Similarly, Randell et al.
argue that technology should support rather than replace verbal
handover, because face-to-face communication allows clarification,
contextual explanation, and flexible access to additional information
when needed [16]. Therefore, a technological intervention for ICU
handover should function as a shared reference point for discussion,
rather than as a substitute for nurse-to-nurse communication.

Third, handover tools should reduce fragmentation across infor-
mation sources. EHRs are already central to nursing work, with
inpatient nurses spending a substantial proportion of their work-
day interacting with EHR systems [14]. However, Lindroth et al.
found that ICU nurses often use the EHR during handover mainly
to verify verbal information, while many reported that current
EHR visualisation was insufficient [12]. Relevant clinical informa-
tion may be distributed across tabs, flow sheets, notes, and bedside
monitoring systems, requiring nurses to search across multiple
locations and mentally integrate the information. Similar issues
have been reported in dashboard research outside the ICU context,
where Swartz et al. argue that EHR systems can fragment clinically
related information across separate modules, increasing the cogni-
tive effort required to form a holistic understanding of the patient
[19]. Festila and Müller further show that information quality in
critical care is shaped by interactions between human actors and
information and communication technologies(ICTs), suggesting
that patient information may lose accuracy, completeness, or clar-
ity as it moves through both verbal communication and digital
systems [8]. This indicates a need for handover tools that integrate
clinically related information into a more coherent visual structure.
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Finally, handover tools should manage cognitive load. ICU han-
dover already involves high intrinsic cognitive load because nurses
must interpret complex and interdependent clinical data. Poor in-
terface design may add extraneous cognitive load when nurses are
required to switch between screens, remember disconnected values,
and manually reconstruct relationships between data. Cognitive
Load Theory suggests that presenting related information in spa-
tially and temporally integrated formats can reduce unnecessary
processing demands [4]. However, immersive technologies can also
introduce new perceptual and interaction demands if poorly de-
signed [4]. For this reason, the design of MR-supported handover
should not only aim to increase information visibility, but also
examine how different spatial configurations affect information
retention, cognitive load, and collaborative communication.

2.2 Visual and Mixed Reality Interfaces for
Clinical Sense-Making

Prior work on clinical visualisation provides one possible direction
for support information integration. Koch et al. suggest that inte-
grated displays may improve ICU nurses’ situation awareness by
reducing the need to gather information from multiple monitoring
devices [10]. Their observations highlights that ICU nurses perform
an average of 23.4 tasks per hour, yet the data required for these
tasks is frequently inaccessible, difficult to view at a distance, or
distributed across separate systems. This supports the idea that
handover interfaces should not merely make raw data available, but
also organise information in ways that actively reduce cognitive
effort to help nurses perceive, understand, and anticipate changes
in the patient’s current condition [10].

Large and shared visual displays have also been explored as tools
for supporting ICU care transitions. To address the need for data
consolidation, researchers have designed large-display interactive
visualisations that help clinicians find, filter, organise, and annotate
patient information during handoffs [21]. The display was designed
in a way that support both overview and detail views, enabling
anomaly detection and data comparison across a shared screen.
This is relevant to handover because it treats visualisation not only
as a way to display data, but also as a shared workspace for col-
laborative decision-making. However, because the large displays
remain limited by their physical location, clinicians conducting bed-
side handovers may still need to visually move between the distant
display, the patient, and other colleagues. This limitation motivates
the interest in "situated visualisation", exploring how immersive
technologies might bridge the gaps between digital data and the
physical world. Situated visualisation addresses some limitations of
the fixed displays by anchoring digital information directly to rele-
vant real-world locations or physical referents [3]. MR may there-
fore provide a design space for placing clinical information in ways
that are more closely aligned with the collaborative context of an
ICU handover. Recent healthcare research suggest that immersive
interfaces is capable of support nursing tasks when they designed
around the clinical user needs. For example, Albrecht-Gansohr et al.
[1] developed an application using HoloLens 2 to support wound
care management. Their findings suggest that immersive technol-
ogy can support nurses’ autonomy when users are able to adapt

the digital workspace to their preferences, such as freely reposi-
tioning digital information within the physical environment. The
study also indicates that immediate access to relevant patient in-
formation can support nurses’ perceived competence during care
tasks. However, the same study also highlights an important design
risk. Immersive device may affect interpersonal connectedness be-
cause the device may obstruct eye contact and make gesture-based
interaction appear socially awkward to other observers [1]. This
is particularly relevant to ICU handover, where communication,
eye contact, and shared attention between outgoing and incoming
nurses remain important to overcome the standard handover chal-
lenges [5]. Therefore, MR interfaces must have a careful design to
ensure interface supports these collaborative purposes, rather than
disrupting collaborative communication. The potential benefits of
MR must also be considered alongside its inherent cognitive de-
mands. Buchner et al. found mixed evidence regarding immersive
technologies and cognitive load; while some studies suggest that it
can reduce cognitive load by integrating information with the phys-
ical environment, others show that it may be distracting and even
cognitively demanding when it presents too much information or
requires unfamiliar interaction [4]. This points to the importance
of spatial interface design when applying MR to ICU handover.
A unified dashboard may reduce fragmentation by consolidating
information into one view, while a spatially anchored layout may
support situated understanding by distributing information in rela-
tion to the clinical environment. However, either approach could
also introduce new demands, interaction complexity, or divided
attention if poorly designed. Therefore, this study evaluates MR
as an assistive tool for ICU nurse handover, examining whether
MR-supported handover can reduce the cognitive load, improve
information retention, and support perceived usefulness, by com-
paring whether a unified dashboard or a spatially anchored layout
better supports these outcomes.

3 Methodology and System Design
This chapter describes the methodology, prototype design, study
procedure, measures, and ethical considerations used to evaluate
the proposed MR system for ICU nurse handover. Specifically, the
study compared two MR interface configurations

(1) Unified Dashboard: 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
bed according to contextual relevance (e.g., medication de-
tails near the IV pole, patient diagnosis above the patient).

3.1 Research Methodology
This research adopts a Design Science Research (DSR) methodol-
ogy. DSR is commonly used in information systems research to
address real-world problems through the design and evaluation of
technological artefacts [6]. This methodology was selected because
the study aims not only to understand challenges in ICU nurse
handover, but also to develop and evaluate an MR artefact that may
support collaborative communication, information retention, and
cognitive load management. The research process was structured

3



349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

Trovato et al.

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

into three stages. First, literature on ICU handover, EHR visualisa-
tion limitations, situated visualisation, and immersive healthcare
technologies was reviewed to identify design requirements. Second,
a functional MR prototype was developed for the Apple Vision Pro.
To align the artefact with clinical handover practice, patient infor-
mation in the prototype was structured using the ISBAR framework:
Identify, Situation, Background, Assessment, and Recommendation
[11] [2]. Third, the prototype was evaluated through a controlled
user study in which the participants, who were practising nurses
or PhD nursing students, completed simulated ICU handover tasks
using both the Unified Dashboard and Spatially Anchored Situ-
ated Visualisations. The evaluation primarily focused on qualitative
feedback regarding user experience, perceived usefulness, and spa-
tial design considerations. Information retention and perceived
cognitive load were also collected as descriptive indicators to con-
textualise participant responses.

3.2 Design Rationale
The prototype’s information was structured around the ISBAR
framework: Identify, Situation, Background, Assessment, and Rec-
ommendation. ISBAR was selected because it is commonly used in
Australian clinical handover practice and provides a standardised
structure for communicating complex patient information [2]. In
this project, ISBAR was used both as the communication frame-
work for the handover script and as the information architecture
for organising patient data within the MR interfaces.

The design was informed by local health district training materi-
als, including a South Western Sydney Local Health District ISBAR
training video [18] and a Western Health EMR-related handover
video [7], alongside empirical studies of ICU handover informa-
tion needs. These materials helped the student researcher, who did
not have a clinical background, understand the expected structure,
content, and sequencing of clinical handover. Kowitlawakul et al.’s
observational study of ICU handovers was particularly relevant,
as it identified patient background, current condition, completed
tasks or interventions, abnormal findings, and actions related to
abnormal findings as among the most frequently included infor-
mation during ICU handover [11]. Similarly, Lindroth et al. found
that direct care ICU nurses prioritise hemodynamics, continuous
intravenous medications, laboratory results, code status, and venti-
lation status at the start of a shift [12]. These findings guided the
selection of information categories included in the prototype. Con-
sequently, the prototype included patient identification, diagnosis,
acuity, allergies, code status, relevant background, vital signs, active
infusions, lines and access, abnormal laboratory results, treatment
plan, escalation concerns, and systems assessment. These categories
were intended to provide an overview of the patient’s current status
while also supporting rapid access to clinically significant details.

The interface was designed to prioritise clinically significant in-
formation and support rapid sense-making. Rather than presenting
raw patient data alone, the prototype emphasised abnormal values,
recent trends, and care priorities. Prior work on clinical dashboards
and ICU handoff visualisation suggests that integrated displays can
help clinicians organise fragmented information, identify anom-
alies, and compare relevant data during care transitions [19, 21].
Therefore, abnormal values in the prototype were colour-coded and

paired with trend indicators where appropriate, allowing users to
identify critical changes on whether the patient was improving or
deteriorating.

Finally, to ensure the clinical plausibility of the research arte-
fact, the simulated handover scenarios were generated with the
assistance of artificial intelligence and subsequently reviewed by a
healthcare expert before the user study. This expert review accessed
whether the scenarios covered the main types of information com-
monly transferred during ICU nurse handover, thereby improving
the clinical relevance and clarity of the scenarios before participant
testing.

3.3 Prototype and Interface Design
The MR prototype was developed for the Apple Vision Pro to sup-
port simulated ICU nurse handover using two interface config-
urations: a Unified Dashboard and Spatially Anchored Situated
Visualisations. Both conditions presented the same categories of
ISBAR-based handover information, including patient identifica-
tion, current diagnosis, acuity, allergies, code status, relevant back-
ground, vital signs, active infusions, lines and access, abnormal
laboratory results, treatment plan, escalation concerns, and sys-
tems assessment. The two conditions differed primarily in how this
information was spatially organised and accessed within the MR
environment.

The purpose of designing two interface configurations was to
explore how different spatial arrangements may influence handover
experience. The Unified Dashboard represented a centralised ap-
proach, where information was consolidated into a single large
virtual display. In contrast, the Spatially Anchored Situated Visu-
alisations represented a distributed approach, where information
panels were placed around a simulated ICU bed according to con-
textual relevance. This allowed the study to compare a compact
overview layout with environmentally situated layout.

3.3.1 Unified Dashboard. The Unified Dashboard condition pre-
sented the handover information within a single large virtual dash-
board positioned in front of the participant, as shown in Figure 1.
The dashboard used a modular card-based layout, where each panel
represented a different category of patient information. For exam-
ple, the patient header provided the patient’s name, diagnosis, bed
location, medical record number, ICU day, acuity status, allergy sta-
tus, code status, and overall clinical trend. Other panels displayed
vital signs, relevant background, active infusions, lines and access,
abnormal laboratory results, treatment plan, escalation concerns,
and systems assessment from head to toe.

This condition was designed to support rapid overview and
comparison across information categories. By presenting the major
handover components in one visual field, the dashboard aimed
to reduce the need for spatial searching and allow participants
to quickly connect related information. For example, abnormal
laboratory results could be viewed alongside active infusions and
treatment priorities, supporting interpretation of how the patient’s
current condition related to ongoing treatment plan.

Visual hierarchy was used to help participants identify clinically
important information. Abnormal values were colour-coded, and
trend indicators were included where appropriate to show whether
values were improving, worsening, or remaining stable. Vital signs
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Figure 1: Unified Dashboard condition showing consolidated
ICU handover information in a single virtual display.

were displayed with simple trend graphs covering the previous
12 hours, allowing participants to interpret recent changes from
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.

3.3.2 Spatially Anchored Situated Visualisations. The Spatially An-
chored Situated Visualisations condition presented the same han-
dover information as separate virtual panels distributed around
a simulated ICU bed, as shown in Figure 2. Instead of placing all
critical information in a single dashboard, this condition explored a
distributed approach by positioning panels near relevant physical
locations in the ICU environment. For example, active infusion
information was placed near the IV pole, while patient background
and systems assessment information were arranged around the pa-
tient space. By anchoring virtual information near these contextual
references, the interface aimed to make the handover environment
more spatially meaningful.

This design was informed by the idea that spatially located in-
formation may support memory by allowing users to associate
information with locations in the surrounding environment. Ponce
et al. found that MR can be effective for short-term spatial memory
assessment, with users transferring object-location information
into a mental map of the environment [15]. In the context of ICU
handover, this suggests that placing information near relevant bed-
side objects may help users form spatial associations between clin-
ical data and the care environment. Consequently, this condition
was designed to explore whether spatially situated information
could support an incoming nurse’s contextual understanding of the
patient’s overall status.

However, distributing information across the environment may
also introduce cognitive trade-offs. While spatial placement may
support contextual memory and immersion, participants may need
to look around the environment to locate different information
categories, increasing visual search effort and divided attention.
Prior research on AR and cognitive load has shown that immersive
interfaces can reduce cognitive load in some contexts, but may also
become distracting or cognitively demanding when too much infor-
mation is presented at once [4]. This condition therefore allowed

Figure 2: Spatially Anchored Situated Visualisations condi-
tion showing handover panels distributed around the simu-
lated ICU bed.

the study to examine not only the potential benefits of situated
visualisation, but also whether distributing information across the
environment could increase navigation demands during handover.

3.3.3 Interaction and Collaboration Features. Both interface con-
ditions supported basic MR interactions, including moving, repo-
sitioning, expanding, and collapsing information panels. These
interactions allowed participants to adjust the interface according
to viewing comfort and personal preference. Previous literature
suggests that allowing nurses to flexibly configure their digital
workspace can increase their sense of autonomy and competence
[1]. In the Unified Dashboard condition, participants could reposi-
tion the order of each panel to match their preferred communication
style. For example, if a participant preferred to begin the handover
by discussing abnormal laboratory results, they could move the cor-
responding section to an earlier position in the dashboard. Similarly,
in the Spatially Anchored Situated Visualisations condition, partici-
pants could interact with individual panels distributed around the
ICU environment.

Expandable and collapsible panels were included to support
progressive disclosure of information. This allowed the interface to
show high-level categories while still allowing participants to access
more detailed information when needed. For example, a collapsed
panel could show only the section title, while an expanded panel
displayed the full handover content. This interaction design aimed
to reduce unnecessary visual clutter while preserving access to
clinically relevant details.

The prototype also included a SharePlay-based collaboration
feature that allowed users to share their view with each other, sup-
porting awareness of what the other user was viewing or doing
during the handover. Users could also see each other’s spatial per-
sona during the handover, as shown in Figures 3 and 4. This feature
was included because head-mounted MR devices may obstruct nat-
ural face-to-face cues, such as direct eye contact and facial visibility,
which have been identified as potential barriers to interpersonal
connectedness and trust in nursing contexts [1]. Since handover is
a relational activity where nonverbal behaviours and eye contact
can contribute to shared understanding [5], the spatial persona was
intended to mitigate the visual obstruction caused by the headset
and support a sense of co-presence and shared attention between
the incoming and outgoing nurse.
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Figure 3: SharePlay collaboration in the dashboard condition,
showing the spatial persona of another user in the shared
MR environment.

Figure 4: SharePlay collaboration in the spatially anchored
ICU condition, showing co-presence between users during
the simulated handover.

The collaboration feature was particularly relevant to the han-
dover context because handovers are not merely individual informa-
tion retrieval tasks, but also collaborative communication activities.
Rather than replacing verbal communication, the prototype was
designed to function as a shared reference point to support con-
versation around patient data. The combination of shared visual
information, movable panels, and spatial persona was therefore
intended to explore how MR could support both information pre-
sentation and the collaborative, relational interactions necessary
for effective handover.

3.4 Participants
Two participants took part in the study. Participants were eligible
if they were practising registered nurses or PhD nursing students
with prior exposure to patient handover practices through clinical
work, coursework, simulation training, lectures, or clinical place-
ment. Participants with no prior exposure to patient handover were
excluded, as the study required participants to interpret clinical
information within a simulated ICU handover context.

Participantswere recruited fromMonashClaytonCampus through
direct contact methods. Due to the small sample size, the study was
designed to examine initial interactions and present the data in an

exploratory way, rather than serving as a statistical test of hypothe-
ses. The aim was to gather preliminary feedback on how clinically
informed users experienced the two MR interface configurations,
with particular attention to information presentation, perceived
cognitive load, and design considerations for future MR handover
systems.

Basic demographic and background information was collected,
including age range, gender, participant role, familiarity with the
ISBAR framework, prior clinical handover experience, and prior
experience with immersive technologies. These data were used to
contextualise participants’ feedback in later section.

Before participation, participants were informed of safety consid-
erations related to using the Apple Vision Pro headset. Individuals
with a history of seizures, severe motion sickness, migraine, serious
heart conditions, or pregnancy were advised not to participate or
to consult a general practitioner before taking part.

3.5 Study Procedure
The studywas conducted face-to-face at the Embodied Visualisation
Group, Monash University Clayton Campus. Each session took
approximately 90 minutes and was completed using the Apple
Vision Pro headset. Before beginning the study tasks, participants
were provided with the explanatory statement, asked to provide
informed consent, and asked to complete a short demographic
questionnaire.

After consent was obtained, participants completed a 10 to 15
minute for device calibration and familiarisation trial with theApple
Vision Pro. This allowed them to practise basic interaction tech-
niques, including viewing, selecting, moving, and interacting with
virtual interface elements. This familiarisation step was to reduce
the influence of headset unfamiliarity to the handover experience
later.

Participants then completed simulated ICU handover tasks under
two interface conditions: the Unified Dashboard and the Spatially
Anchored Situated Visualisations. The study involved two rounds.
In the first round, participants acted as the Incoming Nurse and
received handover information using both interface conditions.
After each condition, they completed an information retention
questionnaire. A 10-minute break was then provided to reduce
fatigue.

In the second round, participants acted as the Outgoing Nurse
and delivered handover information using both interface conditions.
After completing the handover tasks, participants completed the
NASA-TLX workload assessment and a post-task questionnaire
about their experience of the two interfaces. The session concluded
with a short debrief, where participants were invited to provide
additional comments on their experience and overall preference
between the two MR configurations.

3.6 Measures and Data Collection
The study collected information retention responses, workload rat-
ings, interface usefulness ratings, and open-ended feedback. Given
the small sample size, these measures were used descriptively to
support qualitative interpretation rather than to test for statistical
significance.
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Information retention was assessed using five open-ended recall
questions completed after each interface condition during the in-
coming nurse round. The questions asked participants to recall the
patient’s primary reason for admission, main treatment or interven-
tion, known allergies, the vital sign showing the most significant
change over the previous 12 hours, and the main pending task or ac-
tion required for the next shift. As two participants each completed
two interface conditions, four information retention responses were
collected. These responses were reviewed interpretively by compar-
ing participants’ answers with the intended scenario information
and noting whether responses were accurate, partially accurate, or
incomplete.

Perceived workload was collected using NASA-TLX questions
on a seven-point scale. Participants rated mental demand, physical
demand, time pressure, perceived success, effort, and frustration or
stress for each interface condition. These ratings were not analysed
statistically, but were used to describe each participant’s perceived
workload across the Unified Dashboard and Spatially Anchored
Situated Visualisations.

The post-task questionnaire collected five-point Likert ratings
on whether each interface helped participants deliver and receive
handover information. Participants were also asked to indicate their
overall preferred interface and provide open-ended comments on
the two interfaces and the experiment experience. These written
comments, together with debrief observations, were used to identify
design considerations relating to information organisation, spatial
layout, usability, collaboration, and perceived suitability for ICU
handover.

3.7 Ethical Considerations
The study was approved by the Monash University Human Re-
search Ethics Committee (Project ID: 51851; see Appendix A). Be-
fore participation, participants were provided with an explanatory
statement and gave written consent. Participation was voluntary,
and participants could stop the study at any time. All collected data
were de-identified using participant codes and stored securely in ac-
cordance with Monash University data management requirements.

4 Findings
This section presents the findings from the exploratory pilot evalua-
tion. As the study involved two participants, the results are reported
descriptively rather than statistically. The findings focus on par-
ticipant background, information retention, perceived workload,
interface usefulness ratings, and qualitative feedback on the two
MR interface configurations.

4.1 Participant Overview
Both participants were PhD nursing students who were also prac-
tising nurses. Both participants reported being extremely familiar
with the ISBAR framework. However, their handover experience
differed. P1 routinely performed clinical handovers and had ac-
tively given and received handovers in practice. P2 had performed
handovers under supervision a few times. Neither participant had
prior experience using immersive technologies. The background
shows that both participants had substantial clinical and handover
knowledge, but were unfamiliar with immersive technologies.

4.2 Information Retention
Information retention was assessed after each interface condition
during the incoming nurse round. Case 1 and Case 3 were com-
pleted using the unified dashboard, while Case 2 and Case 4 were
completed using the spatially anchored situated visualisations. Be-
cause each task used a different simulated patient case, the retention
outcomes should not be interpreted as a direct measure of compar-
ative interface effectiveness. Instead, the responses are merely used
to descriptively to examine the types of information participants
retained, approximated, or omitted after each condition. The full
simulated handover scenarios are provided in Appendix B.

Overall, both participants retained the broad clinical picture
and several major care priorities after using the MR interfaces. P1
demonstrated strong recall across both cases, correctly identifying
the primary clinical context, key treatments, and several pending
actions. However, some details were incomplete. For example, in
Case 1, P1 incorrectly described all five vital signs as trending up-
ward, although one vital sign was trending downward, and missed
to report another pending task which was to follow up sputum
culture and sensitivity results.

P2 also retained the general clinical direction of both cases, but
showed more difficulty recalling exact diagnostic labels, medication
names, target ranges, and complete task lists. In Case 3, P2 described
the admission reason as “acute renal failure” rather than “severe
diabetic ketoacidosis with acute kidney injury Stage 3”. In Case 4, P2
described the admission reason as “post-operative hepatic” rather
than “orthotopic liver transplant” and recalled the Tacrolimus target
range as 8–10 rather than 8–12.

Taken together, these findings suggest that the MR handover
interfaces may supported recall of the broad patient situation and
major care priorities, while exact terminology, numerical values,
and secondary pending tasks remained more vulnerable to omission
or approximation. This should be interpreted cautiously, as the
evaluation relied on unaided recall, whereas one participant noted
that she would normally use write some persona notes during
handover.

4.3 Cognitive Load and Interface Usefulness
Ratings

The NASA-TLX ratings showed mixed patterns across the two par-
ticipants. P1 rated the dashboard as less demanding across the work-
load dimensions, including mental demand, physical demand, time
pressure, effort, and frustration. By contrast, P1 rated the spatially
anchored situated visualisations as more demanding, particularly
in relation to mental demand, physical demand, time pressure, and
effort. This suggests that, for P1, the spatially distributed interface
required more navigation and active management during handover.
Interestingly, P1 still selected the spatially anchored situated vi-
sualisations as the preferred interface overall. This indicates that
preference did not map directly onto lower workload. Instead, P1
appeared to value the spatial interface despite its higher effort and
reported that it is easier to manage based on the flow of handover.

P2 showed the opposite workload pattern. P2 reported the same
level of mental demand across both interfaces, but rated the spatially
anchored situated visualisations as less physically demanding, less
rushed, less effortful, and less frustrating than the dashboard. P2
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also rated the spatially anchored situated visualisations higher for
both delivering and receiving handover.

Overall, the workload ratings do not indicate a consistent reduc-
tion in cognitive load for either interface across both participants.
However, both participants selected the spatially anchored situated
visualisations as their preferred interface, suggesting that perceived
value may have been influenced by factors beyond workload alone,
including handover flow and situated visualisation.

4.4 Qualitative Feedback on the Interfaces
design

Qualitative feedback suggested that the two interface configura-
tions offered different strengths. The unified dashboard was valued
for its readability. P1 described it as “easier to read” with “no dis-
ruption”, suggesting that the centralised layout supported quick
overview and reduced the need to look around and hunt for informa-
tion across the environment. However, P2 described the dashboard
as “okay but a little bit difficult to navigate”, indicating that the
dashboard’s effectiveness depends on whether users can easily lo-
cate and follow the information presented in the sequence required
for handover.

In contrast, both participants preferred the spatially anchored
situated visualisations overall. P1 reported that this condition was
easier to manage according to the flow of handover and suggested
that it could help students to mentally prepare for real ICU han-
dovers. P2 similarly stated that the spatial interface made it easier
to access previous information, compare abnormal values with the
treatment plan, and organise information according to personal
preference. P2 also reported that spatial placement helped mem-
orisation because she could remember where she placed digital
information.

These comments suggest that spatial organisation may support
handover flow and recall by allowing participants to associate infor-
mation with locations in the immersive environment. However, this
should be interpreted as a design insight rather than evidence that
spatial visualisation improved retention, due to the small sample
size of the study.

4.5 Summary of Findings
The findings suggest that both participants could retain the broad
clinical picture and identify major care priorities after using the MR
handover interfaces, although exact clinical details and secondary
pending tasks were sometimes incomplete or approximated. The
workload ratings showed mixed patterns: P1 experienced the spa-
tially anchored condition as more demanding, while P2 experienced
it as less demanding than the dashboard. Despite this difference,
both participants preferred the spatially anchored situated visuali-
sations overall. Qualitative feedback suggests that the dashboard
supported readability and reduced disruption, while the spatially an-
chored condition better supported handover flow and recall through
spatial memory. At the same time, interaction difficulty, headset
comfort, and the need for deeper case-specific clinical information
remain important design considerations for future MR handover
systems.

5 Discussion and Limitations
This study explored how two mixed reality (MR) interface con-
figurations, a unified dashboard and spatially anchored situated
visualisations, could support simulated ICU nurse handover. The
evaluation was conducted as an exploratory pilot with two partici-
pants from clinical background. Therefore, the findings should not
be generalise as evidence for interface effectiveness. Instead, they
provide early design insights into how MR spatial organisation
may affect information retention, perceived workload, and user
experience during handover.

5.1 Interpretation of Findings
The retention findings suggest that both participants were able to
recall the broad clinical situation and several major care priorities
after using the MR handover interfaces. Across the simulated cases,
participants generally retained the main patient context, impor-
tant treatments, and some pending tasks for the next shift. This
indicates that both MR configurations were able to present enough
information for participants to form a general understanding of the
patient situation.

However, the findings also show that exact clinical terminology,
numerical values, target ranges, and secondary pending tasks were
more vulnerable to omission or approximation. For example, P2
recalled the general liver-related context of Case 4 but did not iden-
tify the exact diagnosis as orthotopic liver transplant, and recalled
the Tacrolimus target range as 8–10 rather than 8–12. Similarly,
some pending tasks were omitted across cases. This suggests that
MR visualisation alone may not be sufficient to ensure accurate
unaided recall of detailed clinical information. In real handover
practice, nurses may use written notes, existing electronic records,
or verbal clarification to support [5, 11]. Therefore, the retention
results should be understood as evidence of what participants could
recall under the study conditions, rather than as a direct measure
for real-world handover.

The findings also suggest that information retention during han-
dover should not be understood only as remembering facts. In ICU
handover, the incoming nurse needs to understand the patient’s
overall condition, recognise abnormal or changing values, and iden-
tify priorities for ongoing care. The participants’ responses suggest
that the MR interfaces may support this broader situational under-
standing, even though precise details may still require additional
support such as having additional individual interface for note tak-
ing for incoming nurse. Future MR systems may therefore need to
combine visual overview with mechanisms for quickly checking
exact values, pending tasks, and treatment plans.

5.2 Spatial Organisation and Handover Flow
The evaluation suggests a design tension between spatial organisa-
tion and interaction effort. Although the spatially anchored visuali-
sations were preferred overall, this preference did not consistently
correspond with lower workload ratings. This indicates that the
value of spatial anchoring may not be simply workload reduction,
but rather its ability to support how users structure, revisit, and
make sense of handover information.

For future MR handover design, spatial placement should be
used selectively rather than as a default presentation strategy. If
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too much information is distributed across the environment, the
interface may increase navigation demands and divide attention.
However, when spatial placement aligns with clinical meaning or
handover flow, it may provide useful memory cues and support
situated understanding, allowing critical information to remain
visible while context-specific information can be accessed spatially
when needed.

5.3 Implications for MR Handover Training and
Design

Participant feedback suggests that MR handover systems may have
value not only as handover support tools, but also as training envi-
ronments. P1 suggested that a more realistic ICU case could help
students mentally prepare for real handover practice, especially
if the simulation included realistic environmental factors such as
equipment sounds and interruptions.

The use of MR may allow students or less experienced nurses to
practise receiving and delivering handover in a immersive way. A
spatially organised MR environment could help learners associate
clinical information with locations, equipment, and patient care
activities. However, this would require more realistic scenarios and
stronger clinical validation. The current prototype used simulated
cases and simplified interface structures, so it should be viewed
as an early exploratory artefact rather than a complete training
system.

Importantly, the role of MR should not be framed as replacing
existing electronic medical record systems. Existing clinical systems
remain the authoritative source of patient data. Because current
EHRs often isolate data into fragmented modules, nurses must put
significant cognitive effort to manually retrieve, hold in working
memory, and integrate this information [10, 19]. MR may be used
as a supplementary handover tool that extracts and reorganises
selected, relevant information into a shared spatial environment. In
this role, MR can actively support communication between nurses
and synthesise complex data to form a more holistic understanding
of the patient’s condition.

5.4 Limitations
This study has several limitations. First, the evaluation involved
only two participants. Recruitmentwas constrained by the inclusion
criteria, which required participants to be either a practising nurses
or PhD nursing students with prior handover exposure. As a result,
the findings cannot be generalised to the wider population of ICU
nurses. The results should instead be interpreted as exploratory
design insights.

Second, both participants were clinically knowledgeable but had
no prior experience with immersive technologies. This may have
influenced their workload ratings and interaction experience. Some
perceived effort may have resulted from unfamiliarity with the
Apple Vision Pro and MR interaction techniques rather than from
the interface.

Third, the study used simulated handover cases rather than real
ICU patient data. This was necessary because realistic ICU data
are sensitive, difficult to access, and not publicly available with
sufficient detail. As a result, the scenarios may not fully capture
the complexity and depth of real ICU handover. Publicly available

examples of ICU handover workflows and EMR interface designs
are also limited, which constrained how closely the prototype could
reflect real clinical systems.

Fourth, each interface condition used a different simulated pa-
tient case. Therefore, retention outcomes cannot be interpreted
as a direct comparison of the unified dashboard and spatially an-
chored situated visualisations. Differences in recall may have been
influenced by case content and complexity.

Fifth, the retention task relied on unaided recall. In real clinical
practice, nurses may use notes, verbal clarification, and the EMR to
confirm information during and after handover. Therefore, some
omissions or approximations in the study may reflect the nature of
the evaluation task rather than a failure of the interface alone.

Sixth, the student researcher’s background was primarily techni-
cal rather than clinical. This may have influenced the clinical depth,
information and realism of the prototype. This limitation was only
partially mitigated through literature review. However, future work
would benefit from closer co-design with ICU nurses or researcher
with clinical background throughout the design process.

Finally, the scope of the study was constrained by the timeline
of a master’s minor thesis. The project required completion of the
literature review, MR application design and implementation, ethics
application, participant recruitment, user evaluation, analysis, and
thesis writing within a limited period. This affected the scale of
recruitment, the number of design iterations, and the depth of ICU
case validation that could be conducted.

5.5 Future Work
Future work should evaluate the MR handover system with a larger
size and more diverse sample of nurses. A counterbalanced study
design using equivalent patient cases would allow stronger compar-
ison between the unified dashboard and spatially anchored situated
visualisations. Further development should focus on increasing the
clinical realism of the handover scenarios. This includes using more
in-depth ICU cases and simulating realistic environmental inter-
ruptions such as alarms and equipment noise. Based on participant
feedback, future work could also explore MR handover as a training
tool for nursing students.

6 Conclusion
ICU nurse handover is a critical communication process that re-
quires nurses to understand, prioritise, and transfer complex patient
information under time pressure. Existing electronic health record
systems contain large amounts of patient data, but the informa-
tion required for handover may still be distributed across multiple
views and require active synthesis by nurses. This thesis explored
whether MR could be served as a supplementary handover tool.

The project designed and implemented two MR interface con-
figurations for simulated ICU nurse handover: a unified dashboard
and spatially anchored situated visualisations. Both interfaces were
structured around the ISBAR communication framework and pre-
sented key patient information such as patient background, vital
signs, active infusions, lines and access, abnormal laboratory values,
treatment plans, escalation information, and system assessment.
The unified dashboard presented this information in a centralised

9



1045

1046

1047

1048

1049

1050

1051

1052

1053

1054

1055

1056

1057

1058

1059

1060

1061

1062

1063

1064

1065

1066

1067

1068

1069

1070

1071

1072

1073

1074

1075

1076

1077

1078

1079

1080

1081

1082

1083

1084

1085

1086

1087

1088

1089

1090

1091

1092

1093

1094

1095

1096

1097

1098

1099

1100

1101

1102

Trovato et al.

1103

1104

1105

1106

1107

1108

1109

1110

1111

1112

1113

1114

1115

1116

1117

1118

1119

1120

1121

1122

1123

1124

1125

1126

1127

1128

1129

1130

1131

1132

1133

1134

1135

1136

1137

1138

1139

1140

1141

1142

1143

1144

1145

1146

1147

1148

1149

1150

1151

1152

1153

1154

1155

1156

1157

1158

1159

1160

layout, while the spatially anchored condition distributed informa-
tion around the virtual clinical environment.

An exploratory evaluation was conducted with two participants
who were PhD nursing students and practising nurses. The find-
ings suggest that both MR configurations supported recall of the
broad clinical situation and several important care priorities. How-
ever, exact clinical terminology, numerical values, target ranges,
and secondary pending tasks were more vulnerable to omission or
approximation. This indicates that MR visualisation may support
general situational understanding, but additional support and de-
sign is still needed for precise recall of detailed clinical information.

The results also showed that both participants preferred the
spatially anchored situated visualisations overall, even though the
workload ratings did not consistently favour this condition. This
suggests that the perceived value of spatial anchoring may not
simply results in reducing workload. Instead, spatially situated
visualisation may support handover flow, information revisiting,
and memory cues when information is placed meaningfully within
the environment. However, at the same time, it may also introduce
additional navigation and management demands. Therefore, future
MR handover systems should use spatial placement selectively
rather than distributing information purely because immersive
space is available.

This thesis contributes an early exploratory prototype and eval-
uation of MR-supported ICU nurse handover. The study does not
provide generalisable evidence of clinical effectiveness due to the
small sample size of participants. However, it identifies some use-
ful design considerations for future work. Future research should
continue investigating MR as both a handover support tool and a
training environment for nursing students. More clinically realistic
scenarios could help determine whether MR can better prepare
users for the cognitive and communicative demands of real ICU
handover. Overall, this project suggests that MR has potential for
supporting collaborative handover, but its value depends strongly
on careful design and integration with existing nursing workflows.
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B Simulated ICU Handover Scenarios
B.1 Case 1: Dashboard Condition
Below is the visual interface presented to the nurse during the Case
1 unified dashboard handover execution.

Figure 5: Case 1: Unified dashboard display layout for patient
data handover.

B.2 Case 2: Spatially Anchored Situated
Visualisations Condition

This scenario demonstrates data visualisations physically projected
and anchored next to relevant medical equipment.

Figure 6: Case 2: Spatially anchored virtual dashboards
mapped directly into the clinical environment.

B.3 Case 3: Dashboard Condition
Below is the visual interface presented to the nurse during the Case
3 unified dashboard handover execution.

Figure 7: Case 3: Unified dashboard display layout for patient
data handover.

B.4 Case 4: Spatially Anchored Situated
Visualisations Condition

This scenario demonstrates data visualisations physically projected
and anchored next to relevant medical equipment.

Figure 8: Case 4: Spatially anchored virtual dashboards
mapped directly into the clinical environment.
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