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Abstract

Background With Generation Z becoming the primary group of nursing learners and the increasing shortage of
nursing education resources, augmented reality and mixed reality based on head-mounted displays are being used
more and more in nursing education. However, the current application landscape and the proper usage of these
concepts remain unclear. Therefore, this study aims to conduct a scoping review to explore the current applications of
head-mounted display-based augmented reality and mixed reality in nursing education and to clarify the definitions
and usage of the concepts of augmented reality and mixed reality, ultimately providing directions for future
applications and research.

Methods Based on the five-stage framework and PRISMA-ScR guidelines, a comprehensive collection and
summarization of evidence regarding the application of head-mounted display-based augmented reality and mixed
reality in nursing education were conducted. The databases retrieved include CNKI, Wanfang Database, VIP, CBM,
PubMed, Cochrane Library, Embase, CINAHL, Web of Science, Scopus, IEEE Xplore, ACM Digital Library, and Ei. The
languages of the included literature are Chinese and English. The retrieval was up to October 2024.

Results A total of 44 studies were included in this review, covering three types of head-mounted displays: immersive
head-mounted displays, smart glasses, and smartphone-based head-mounted displays. The main application areas
were skills training and knowledge acquisition. Most of the studies were feasibility studies, though they also included
some efficacy studies and research on personal experiences. In addition, these studies often employed vague or
inconsistent definitions of augmented reality and mixed reality.

Conclusions Despite various explorations in the application of head-mounted display-based augmented reality
and mixed reality in nursing education, there is still room for improvement in the relevant theory and utilization of
this technology. In the future, interventions should use the three dimensions (observation of reality, real - virtual
interaction, and fidelity of virtuality) described in detail, rather than simply employing the concepts of augmented
reality or mixed reality. Efforts should be concentrated on developing and implementing head-mounted displays
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combined with other technologies that boast enhanced performance and cost - effectiveness, and further validating

their effectiveness.
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Background

Nursing education needs new technologies

Generation Z who were born in the digital age, pres-
ent a preference for integrating advanced technologies
into nursing education. They prefer experiential learn-
ing methods over conventional lecture-based instruction
and favor technological interactions over traditional tex-
tual materials [1]. At present, Generation Z has gradually
become the main group receiving nursing education. A
study has shown that 89.3% of students hold a positive
attitude toward the use of technology in nursing educa-
tion [2]. At the same time, the problem of insufficient
human resources in nursing education also needs to
be urgently addressed [3, 4]. Some studies have dem-
onstrated that technologies such as virtual simulation,
online learning, and gamified learning can enhance nurs-
ing students’ clinical competence and the efficiency of
knowledge acquisition, boost their learning motivation
and engagement, and reduce the demand for teaching
personnel [5-7]. These findings collectively underscore
the need to incorporate diverse advanced technologies
to effectively complement conventional nursing educa-
tion methods [8]. Among many technologies, immersive
technology is an important application field in nursing
education.

Extended reality in nursing education

Immersive technologies based on constructivist theory
and experiential learning offer a novel teaching approach
that promotes active learning through simulated environ-
ments, hands-on practice, and innovation [9]. Extended
reality (XR), a key component of immersive technologies
[10], encompasses virtual reality (VR), augmented reality
(AR), and mixed reality (MR), each of which can enhance
learning experience in distinct ways [11]. Among these
technologies, VR has the earliest development and is the
most widely used in nursing education [12]. Several stud-
ies have evaluated the various applications of VR within
nursing education, indicating its efficacy in enhancing
students’ knowledge and skills [13—15]. However, there
are some limitations of VR, such as the absence of tac-
tile feedback, and the possibility of motion sickness, that
pose challenges to its widespread adoption [16]. As alter-
native variants of immersive technologies, AR and MR
have the potential to overcome certain limitations of VR
partially and provide an enhanced nursing educational
experience.

AR and MR can bridge the reality and virtuality

In the realm of interactive technology, the primary char-
acteristic of AR and MR is that they merge virtuality and
reality rather than replace real environments, thereby
enhancing visualization practices and generating a more
authentic interactive experience [17]. For instance, AR
and MR allow learners to retain haptic feedback on simu-
lation manikins while enabling them to visualize inter-
nal anatomical structures [18]. Furthermore, the use of
AR and MR extends to traditional educational materials
through QR code scanning, augmenting them with digital
data [17]. In the current state where more advanced tech-
nologies such as brain-computer interfaces are imper-
fect, AR and MR can preserve the perception of the real
world while providing virtual learning materials or envi-
ronments, and they are associated with milder adverse
reactions. This compensates for the shortcomings of VR
technology, which could not provide tactile feedback in a
fully virtual environment and caused significant adverse
reactions [19, 20]. These advancements suggested a
broader prospect for their application in future nursing
education.

Head-mounted displays are important media for AR and
MR

The application of AR and MR in nursing education has
been primarily categorized into three types: handheld
display, head-mounted display (HMD), and stationary
display [21]. Handheld displays mainly include mobile
phones and tablets. While they carry certain benefits of
AR technology, these devices also have constraints such
as the requirement to be manually held and they ren-
der a less immersive experience [22]. Stationary displays
are mainly projectors, which can provide an experience
of integrating virtual and real without wearing or hold-
ing any device. However, this kind of technology is not
mature enough [23]. Contrastingly, HMD-based AR and
MR technologies are more developed, providing immer-
sive and hands-free user experiences [24, 25]. Given the
current technological advancements, this presents the
most promising avenue for integrating HMD-based AR
and MR into nursing education [19, 20, 26].

Current gaps and research objectives

Due to the broad prospects for the application of HMD-
based AR and MR in nursing education, some reviews
have discussed their use in this field. However, such
reviews either conflated VR with AR or isolated AR from
MR. For instance, there are two studies that reviewed
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the application of VR and AR in nursing education [27,
28]. Two reviews about MR covered the effects of MR
on nursing simulation and critical thinking [19, 20].
Two other reviews on AR explored the effectiveness of
AR in promoting independent learning in nursing and
the application of AR in critical care education [26, 29].
These approaches not only suggested to readers a closer
kinship between AR and VR but also artificially segre-
gated the similar concepts of AR and MR, which is coun-
terproductive to the unified research and application of
these technologies. Therefore, it is more appropriate to
discuss HMD-based AR and MR as a single technologi-
cal approach. However, there is no evidence of a compre-
hensive review examining the application of HMD-based
AR and MR technologies within nursing research. There-
fore, this scoping review aims to provide a comprehen-
sive review to determine HMD-based AR and MR status
of application within nursing education and to analyze
the use of AR and MR concepts in nursing education to
clarify them, as well as provide future directions for the
development of HMD-based AR and MR’s broader and
more informed implementation in nursing education.

Methods

A scoping review systematically maps the existing lit-
erature to identify key concepts, types of evidence, and
research gaps, offering a structured overview of the field.
We adopted this approach due to the fragmented and
interdisciplinary nature of research on the application of
HMD-based AR and MR in nursing education [30]. This
method enables the synthesis of diverse studies to clarify
the current state of knowledge, identify emerging themes,
and guide future research directions. In this scoping
review, we adopted the Arksey and O’Malley method-
ological framework consisting of five stages: (1) identify-
ing the research question; (2) identifying relevant studies;
(3) study selection; (4) charting the data; and (5) collat-
ing, summarizing, and reporting the results [31, 32]. This
study was also based on the reporting guidelines of the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses Extension for Scoping Reviews (PRIMSA-
ScR) [33]. The completed PRISMA-ScR checklist can be
found in Additional file 1.

Stage 1: identifying the research question

There were two research questions in this scoping review:
(1) what is the current status of the application of HMD-
based AR and MR in nursing education? (2) How do
existing studies define and utilize the concepts of AR and
MR?

Stage 2: identifying relevant studies
A comprehensive and systematic literature search
was conducted, guided by the elements of population,

Page 3 of 20

concept, and context (PCC) [34]. To encompass all indi-
viduals receiving nursing education, the population was
defined as nursing students, midwifery students, and
clinical nurses. The concept was HMD-based AR and
MR, and the context included educational activities con-
ducted within hospitals and other healthcare institutions.
A total of 13 databases were systematically searched
from their inception to October 2024, including Chi-
nese National Knowledge Infrastructure (CNKI), Wan-
fang Data, VIP Database, Chinese Biomedical Literature
Database (CBM), PubMed, Cochrane Library, Embase,
CINAHL, Web of Science, Scopus, IEEE Xplore, ACM
Digital Library, and Engineering Village (Ei). The search
terms were developed using subject headings (MeSH
and Thesaurus) and free text keywords. Meanwhile, we
screened all retrieved studies by reviewing their titles
and abstracts to identify reviews focusing on the applica-
tion of AR or MR in nursing education. We then manu-
ally extracted all the primary studies included in these
reviews and combined them with the directly retrieved
original studies for subsequent screening. The full elec-
tronic search strategies for each database are provided in
Additional file 2.

Stage 3: study selection

After identifying all potentially relevant original stud-
ies, we imported them into EndNote (Version 21.5) for
automatic duplicate removal. Subsequently, the data
were imported into Zotero (Version 6.0.13) for screen-
ing based on the inclusion and exclusion criteria. Two
researchers screened the titles and abstracts for eligibility
and retrieved the full texts of potentially eligible studies
for further assessment. Studies for which the full text was
not available were also excluded. In instances of disagree-
ments, discussions were conducted to seek resolutions.
If consensus could not be achieved, the third researcher
would address any inconsistencies. The inclusion and
exclusion criteria for this scoping review were as follows:
inclusion criteria included (1) studies published in Eng-
lish or Chinese; (2) studies involving nursing students,
midwifery students, or clinical nurses; (3) studies focus-
ing on nursing education using HMD-based AR and MR
instructional methods; (4) instructional formats involv-
ing the use of HMDs to superimpose virtual objects onto
real-world items, such as paper materials or mannequins;
and (5) primary research studies. Exclusion criteria
included (1) books or book chapters, reviews, editorials,
conceptual analyses, and case reports; (2) studies involv-
ing only technical development without educational
application; (3) survey studies not accompanied by the
actual implementation of HMD-based AR and MR; and
(4) studies utilizing HMD-based AR and MR for patient
health care in clinical settings rather than for educational
purposes. The PRISMA flow diagram summarized the
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selection of studies. The flow chart was created using an
online tool based on the R language [35].

Stage 4: charting the data

Data charting for the review was adapted from the data
extraction tool in the Joanna Briggs Institute (JBI) man-
ual for conducting scoping reviews [34]. The data to be
extracted covered aspects such as author/year, aims,
country, study design, participants, interventions (includ-
ing HMDs, hardware, software, and triggers), use of
AR and MR concepts, outcome measures, key findings,
application domain, and research setting. These entries
are made into a table in Excel software (Version 16.93).
During data extraction, two researchers independently
reviewed each included study and completed the corre-
sponding entries for each article in the data extraction
table. Upon completion, the entries were cross-checked.
In case of discrepancies, a third researcher reviewed the
relevant study and mediated the differences to reach a
consensus. This process ensured the completion of data
extraction and charting.

Stage 5: collating, summarizing, and reporting the results
After data charting, the information in the table were
organized into a hierarchical narrative description. This
primarily included basic study characteristics, charac-
teristics of the study participants, intervention features,
application domains, and the use of AR and MR con-
cepts. In addition, some results were visualized using the
“scatterplot3d” package in R language (Version 4.2.2) [36,
37]. Due to the exploratory nature of this scoping review,
the quality assessment was not conducted [31].

Results

Literature search and selection

A total of 1272 studies were initially identified, and 430
duplicates were eliminated. After reviewing the titles
and abstracts, 184 studies were included in the full-text
screening, of which three were not found. After read-
ing the full texts of the remaining 181 studies, 43 studies
that met the research criteria were included in this study.
In addition, we identified 80 original studies from eight
reviews in this field. Among them, one study was not
included in the original studies retrieved by our search
and met the inclusion criteria, so we incorporated it as
well. Finally, 44 studies were included for analysis (Fig. 1).

Study characteristics

Among these studies, 17 were from the United States [18,
38-53]; 12 were from South Korea [24, 54—64]; four were
from China, with two in Mainland [25, 65], and two in
Taiwan [66, 67]; three each from New Zealand [68-70],
Australia [71-73], and Japan [74-76]; two from Germany
[77, 78] (Fig. 2). The language was English and Chinese,
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and the publication year ranged from 2016 to 2024. In
terms of research design, there were 21 mixed methods
studies, seven quantitative randomized controlled tri-
als, seven quantitative non-randomized controlled trials,
five quantitative descriptive studies, and the remaining
four were qualitative studies. In mixed methods research,
the dominant design was commonly adopted, where
quantitative research was the primary focus. There were
35 studies (80%) were conducted in universities, and
nine studies (20%) were in hospitals. A summary of the
44 included studies is presented in Table 1. The status,
advantages and disadvantages, and future directions of
the application of HMD-based AR and MR in nursing
education are summarized in Fig. 2.

Characteristics of subjects

A total of 2410 individuals were included in this study.
There were 35 studies involving nursing students, with 24
of these studies focused solely on nursing students and
the remaining 11 included nursing students and faculty
from other medical specialties. The sample sizes varied
widely, ranging from a maximum of 232 to a minimum
of just five participants. A total of nine studies featured
clinical nurses as study subjects. Among these, five stud-
ies focused exclusively on nurses, while the other four
also included other medical personnel (such as doctors
and technicians). In these studies, the sample size ranged
from 24 to 100. Details of the study subjects and inter-
ventions can be found in Additional file 3.

Characteristics of interventions

Head-mounted displays

The HMDs involved in this study were primarily catego-
rized into three types: immersive HMDs, smart glasses,
and smartphone-based HMDs. There were 72% studies
used immersive HMDs (32/44), which mainly included
products like HoloLens, Magic Leap One, HTC Vive, and
Vzix Wrap920AR [47, 58, 74, 76]. These HMDs boasted
powerful performance, capable of overlaying realistic
three-dimensional images onto real-world scenes, often
without the need for triggers (such as QR codes or mark-
ers). They achieved this through environmental percep-
tion, enabling the placement of virtual objects at specific
locations [72]. In current nursing education, three studies
used immersive HMDs that allowed learners to recog-
nize the impact of their maneuvers on patient anatomy
and physiology while practicing and simultaneously
enhanced their theoretical knowledge and operational
proficiency [18, 46, 76]. However, immersive HMDs also
faced issues such as dizziness and significant weight [40,
42]. Smart glasses, which comprised 23% (10/44) in this
research, as another form of HMD, are lightweight but
less immersive [59]. They typically only displayed flat-
form videos, images, and presentations. Additionally,
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Identification of new studies via databases and registers

Records identified from:
Databases (n = 1,272):
CNKI (n = 13)
Wanfang (n = 39)
VIP (n = 68)

CBM (n =22)

PubMed (n = 130)
Codchrane Library (n =31)
Embase (n = 53)

Records removed before screening:
Duplicate records (n = 430)

-

Identification

CINAHL (n = 94)
Web of Science (n = 273)
Scopus (n = 354)
IEEE Xplore (n = 62)
ACM Digital Library (n = 9)
Ei (n = 124)

Records excluded

(n=658)

Records screened
(n=842)

!

Reports sought for retrieval
(n=184)

Reports not retrieved
(n=3)

Screening

Reports excluded:
Wrong document type (n = 10)
Wrong study design (n = 27)
Wrong intervention (n = 80)
Wrong population (n = 14)
Wrong topic (n =2)
Wrong language (n = 5)

Reports assessed for eligibility
(n=181)

New studies included in review
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Identification of new studies via other methods

Records identified from:
Citation searching (n = 1)

\/

Reports sought for retrieval Reports not retrieved

(n=1) (n=0)
\
Reports assessed for eligibility Reports excluded:
(n=1) (n=0)

(n = 44)

Included

Fig. 1 PRISMA flow diagram of the search and selection process

they featured video recording and voice communication
capabilities [77]. HMDs based on smartphones generally
used an HMD-shaped supporting shell into which the
smartphone is inserted for relatively simple AR effects.
Such HMDs were not lightweight and had mediocre dis-
play quality, However, they put commonly used smart-
phones in paper head-mounted brackets (such as Google
Cardboard), thus providing strong convenience [67]. In
this review, 5% of studies used HMDs based on smart-
phones (2/44).

Software

The software included in this review could be categorized
into three main types. The first type was self-developed
by the research teams, accounting for 50% (22/44) of the
interventions. This approach was predominantly adopted
by nursing education teams in collaboration with techni-
cal staff, to create customized software that was appro-
priate for specific teaching scenarios. The second type
involved the use of existing commercial software, such as
HoloPatient (10/44), CPReality (2/44), AnatomyX (2/44),
AresAR (1/44) PediSepsisAR (1/44), and Microsoft
Dynamics 365 (2/44). HoloPatient could project patients

with various diseases as holographic images into the real
world. CPReality combined simulation models for CPR
skill training and evaluation [40, 46]. AnatomyX allowed
nursing learners to interact directly with 3D anatomi-
cal models using their hands, enabling them to rotate,
dissect, and other manipulations to learn anatomy [50,
51]. These commercial software products all used Holo-
Lens as their main hardware platform, although HoloPa-
tient also supported mobile platforms like smartphones.
The third type of software was built into the HMDs,
with studies focused on using the software built into
the HMDs themselves, adding or linking pre-designed
images and videos for playback and interaction, without
the need for additional software development [41, 52].
Two other studies did not mention any software-related
information [25, 65].

Hardware

Besides HMDs, some studies also integrated other smart
hardware or sensors with HMDs to enhance interactiv-
ity. There are two studies that combine haptic feedback
devices with HoloLens for injection skill training [44, 53].
Through haptic feedback devices, nursing students could
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Research future

- Detail the intricacies of the interventions

- Initialize interdisciplinary collaboration

- Conduct further validation of m

\ Immersive \J / \

Page 6 of 20

Development future
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+Large Language Models (LLMs)

+Computer Vision (CV)
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Population Application
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Outcome
measures
Knowlege
Nurses learning
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environment

- Lighter than VR (Smart glasses)
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Fig. 2 Result summary chart

perceive the pulse of a virtual patient, providing a more
realistic experience for the virtual injection training sce-
nario. Another study used smartwatch in conjunction
with Google Glass for CPR training [77]. The sensors on
the chest of the simulation model could send informa-
tion such as the speed and frequency of the students’
compressions to the smartwatch and Google Glass. The
smartwatch was used as a complement to the visual and
auditory feedback provided by Google Glass, providing
haptic prompts through vibrations, adding visual infor-
mation, and achieving multisensory feedback for CPR

and VR (Immersive HMDs)
- Weight problems and
motion sickness still exist

- Usage thresholds

training. There are also three studies that use sensors
(such as rheostats and barometers) to map learners’ oper-
ations to virtual models, enabling skill learning to have
real feedback [18, 45, 74].

Application domains

Skill training

Skill training and simulation were the main application
scenario of HMD-based AR and MR in nursing educa-
tion, accounting for 86% (38/44) of the instructional
fields in this study. This included CPR training [40, 77],
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COVID-19 simulation [62], interdisciplinary training [57,
73], communication skills training [75], emergency sce-
nario simulation [38, 52], and other individual skill train-
ing [44, 67]. Applying HMD-based AR and MR in CPR
skill training allowed learners to deepen their theoretical
understanding of the skills by experiencing tactile feed-
back and observing the impact of CPR maneuvers on the
circulatory system on simulation models [40, 46]. Three
studies applied HMD-based AR and MR technologies for
interdisciplinary skill training to compare and train stu-
dents from different specialties in the assessment of vir-
tual patients [57, 60, 73]. Students and professionals from
various medical specialties collaborated and learned
through the voice and recording features of smart glasses,
thereby enhancing their individual skills and interdisci-
plinary collaboration [57].

Knowledge learning

Theoretical knowledge learning was another application
scenario for HMD-based AR and MR in nursing educa-
tion, accounting for 14% (6/44) of this study, which was
relatively lower compared to skill learning. Among these,
five studies focused on the learning of anatomical knowl-
edge [50, 51, 58, 68, 76], and one on the learning of pro-
fessional nursing English [66]. HMD-based AR and MR
could provide natural interaction and enhance the 3D
models of anatomy, which could increase the learning
interest and motivation of students [68]. Through HMD-
based AR and MR, the English names of corresponding
nursing supplies could be viewed, and it was shown that
active learning was promoted among nursing students
[66].

Outcome measures

Feasibility

Feasibility indicators included usability [39], accep-
tance [63], learning confidence [43], learning motivation
[42], and learner satisfaction [58], were collected mainly
through surveys, open-ended questions, and interviews.
Research tools were variable and some studies developed
their own tools [48, 64]. However, some existing well-
established tools were used, such as the System Usabil-
ity Scale (SUS), which was used to assess the usability of
HMD-based AR and MR [38, 55]. Some studies utilized
the Self-Confidence in Learning Scale (SCLS) to evalu-
ate learners’ confidence [42, 52], and the Instructional
Materials Motivation Survey (IMMS) to assess learning
motivation [42]. Some tools which were originally devel-
oped and applied in VR contexts, have been adapted for
HMD-based AR and MR research. For instance, the Vir-
tual Reality Sickness Questionnaire (VRSQ) was used to
investigate discomfort in participants using HMD-based
AR and MR [38]. The National Aeronautics and Space
Administration Task Load Index (NASA-TLX) was also
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used in several studies to measure the cognitive load of
learners using HMD-based AR and MR [44, 47, 53, 71].
Overall, nursing students had a high level of satisfaction
with HMD-based AR and MR, showing a preference for
these new methods over traditional teaching approaches
[51, 58]. However, HMD-based AR and MR also had
some similar but less obvious drawbacks to VR devices,
such as the high weight burden (immersive HMDs) and
the occurrence of motion sickness [51]. In addition, there
was research pointing out that the acceptance of HMD-
based AR and MR in anatomy learning and the learning
curve was related to the age of the learners [68].

Efficacy

The efficacy measures varied in studies, depending on the
specific teaching domain covered. These measures were
primarily divided into subjective and objective indicators.
Subjective indicators were generally obtained through
surveys completed by learners or observations made by
researchers or teachers, such as designing knowledge
test questions or nursing operation checklists in specific
domains [25, 70]. Some studies used generic scales in
simulation teaching for effectiveness assessment, like the
Simulation Effectiveness Tool-Modified (SET-M) [38, 39].
Objective measures were less commonly incorporated in
studies and were mainly focused on areas such as CPR
and injection skill training. Sensors were also utilized to
collect chest compression (CC) rate, CC depth, needle
entry angle or depth to assess the effectiveness of HMD-
based AR and MR training [44—46]. Another study used
cameras combined with artificial intelligence algorithms
to identify metrics, such as the nursing students’ level
of engagement when interacting with simulated patients
[75]. According to the results of controlled trials, the use
of HMD-based AR and MR in nursing education signifi-
cantly enhanced the knowledge and skill levels of nursing
students compared to traditional methods [25, 43]. There
is a study compared the effectiveness of using HMD-
based AR and MR with conventional methods such as
papers in learning anatomy [50]. The results indicated no
significant difference between HMD-based AR and MR
and other learning methods, but students showed a pref-
erence for using AR in anatomy learning.

Experiences

The experiences of learners with the application of
HMD-based AR and MR in nursing education were
mainly obtained through qualitative research methods,
such as open-ended questions and interviews [45, 56,
66]. In mixed-methods research, open-ended question-
naires or interviews were used to collect feedback from
nursing learners beyond feasibility and other metrics to
complement the outcomes of the feasibility assessment
[58]. Four qualitative studies mainly explored the needs,
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cognitions, and experiences of relevant personnel regard-
ing the application of HMD-based AR and MR in nurs-
ing education. On the whole, the research subjects have
a relatively high acceptance of the application of such
technologies [62, 72, 73], but at the same time, their per-
ceptions of its disadvantages (such as low resolution and
poor wireless connection quality) are also relatively obvi-
ous [64].

The use of AR and MR concepts

Among included studies, 57% (25/44) reported using
AR, 36% (16/44) indicated they were using MR, and
the remaining 7% (3/44) did not specify whether their
interventions were AR or MR, instead referring to
their approach broadly as XR. There were two forms
of research utilizing AR concepts. The first was based
on the overlay of flat virtual content. This form did not
require triggers and allowed learners to simultaneously
see virtual content and the real world [78]. The second
form was based on the overlay of 3D virtual content. This
overlay sometimes required a trigger, and sometimes
not. It typically involved a relative relationship between
virtual objects and the real environment. However, there
was minimal interaction between the two, with the real
world mainly providing tactile feedback, and the virtual
content offering visual feedback [51]. In studies utilizing
the concept of MR, nine studies used the previously men-
tioned HoloLens and HoloPatient software. However, in
one study that used the concept of MR, the intervention
adopted resembles the first type of research mentioned
earlier that utilized the concept of AR [79]. One of sys-
tems displayed camera-captured real-world scenes and
virtual objects concurrently in a HMD, and described it
using the MR concept [67]. Three studies adopted the XR
concept played images or videos in HMDs, which fun-
damentally shared the same nature with certain studies
using HMD-based AR and MR in teaching methods [24,
59, 60].

Discussion

This scoping review identified a total of 44 studies using
HMD-based AR and MR in nursing education, focusing
on the description of the current state of application in
nursing education. Relevant studies have been conducted
primarily in developed countries. The immersive HMDs
were the main HMD type, and skill training or simulation
education were the main instructional areas. Outcome
measures were still focused on feasibility and experience
research, with less exploration of educational effective-
ness. Additionally, the current use of concepts such as
AR and MR in nursing education research remains some-
what ambiguous.
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Insufficient collaboration across institutions and countries

Among the included studies, most of the studies were
from developed countries such as the USA and South
Korea. This is consistent with existing research [20, 29,
80]. This may be due to the high manufacturing, usage,
and maintenance costs of HMD-based AR and MR
devices, and the need for high-level interdisciplinary tal-
ents for the development of related applications. This may
further exacerbate the gap in nursing education between
countries with different levels of development. In the
future, international cooperation between countries in
this field should be promoted to avoid further deepen-
ing the digital divide in nursing education [81]. On the
other hand, currently, the applications of HMD-based
AR and MR are mainly in universities (80%), which is in
line with the current evidence [29]. In the future, more
collaborations between schools and hospitals should be
established, allowing innovative educational approaches
developed in academic settings to be extended into clini-
cal environments, thereby facilitating a smoother transi-
tion for nursing learners from school to clinical practice.

Reasonable combinations of HMDs, hardware, and
software

A variety of HMD-hardware-software combinations
were included in the study, with different configura-
tions of these three elements shaping the diverse appli-
cation scenarios of HMD-based AR and MR in nursing
education. The trade-offs between cost and effectiveness
also serve as important references for nursing educators
when selecting specific implementation models. Differ-
ent HMDs vary in terms of simulation fidelity and cost.
Other types of hardware can provide feedback that cur-
rent HMD-based AR and MR systems are unable to offer.
Among the three types of software mentioned in the
included studies, self-developed software offers full cus-
tomization to meet the specific needs of various nursing
education scenarios. However, it faces problems such as
high development costs, and immature user experience.
Commercial software is relatively mature. Although it
cannot meet personalized needs, it does not require
development and has a mature experience. The built-in
player of the device does not require any additional cost
but the interactivity and immersion that can be achieved
are also the lowest. For different HMDs, hardware, and
software, nurse researchers and educators should care-
fully consider their available resources and select the
most cost-effective combination based on the educa-
tional content and the specific needs of the learners, in
accordance with the principle of person-centeredness.

Different values in skill training and knowledge learning
Currently, the application of HMD-based AR and MR
in nursing education mainly focuses on skill training.
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From a mechanistic perspective, intuitive visual feed-
back can enhance learners’ confidence and reduce cogni-
tive load and anxiety by providing a simple and enjoyable
learning experience [45]. In addition to skills training
or simulation education, HMD-based AR and MR were
used for knowledge learning, such as anatomical knowl-
edge. Using HMD-based AR and MR for anatomy helps
learners to use 3D visualization to learn difficult-to-view
anatomical structures, improves spatial awareness, and
provides students with the opportunity for repeated
review unlike cadaver dissection learning which has a
time limit. This is consistent with the results of existing
evidence [82, 83]. However, most current HMD-based
AR and MR applications are designed for specific sce-
narios. Although some of these applications incorpo-
rate both theoretical instruction and skills training, they
lack a systematic design that integrates theory with skill
throughout the learning process. The development of
nursing competencies, however, requires a deep integra-
tion of theoretical knowledge and practical experience.
Moreover, in clinical settings, nurses must collaborate
with other healthcare professionals to perform a range
of tasks. In the future, HMD-based AR and MR nursing
education systems should be developed to support con-
tinuous, multi-scenario training that tightly integrates
theoretical learning with practical application.

Three-dimensional classification of HMD-based AR and MR
In the use of concepts of AR and MR, there was a lack
of standardization and clarity within the literature. Stud-
ies utilized different concepts sometimes exhibit simi-
larities in interventional approaches. A more detailed
description of this concept should be provided. Accord-
ing to previous research, MR is a broader concept that
can be presented through the concept of a “virtuality
continuum”. In this continuum, the two poles are AR and
augmented virtuality. This study also proposed that MR
technology can be divided into three dimensions: Extent
of World Knowledge, Reproduction Fidelity, and Extent
of Presence Metaphor [84]. Some studies also divide AR
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and MR technologies from three dimensions: Immersion,
Interaction, and Information [85]. Our research is based
on previous evidence and combines the characteristics of
HMD-based AR and MR applications in nursing educa-
tion, using the following three elements, including obser-
vation of reality (OR), virtual-real interaction (VRI), and
fidelity of virtuality (FV), to describe this concept [21,
84, 85]. The description and classification of the three
dimensions are shown in Table 2. According to this clas-
sification method, HMD-based AR and MR in the litera-
ture included in this study can be divided into 10 groups
(Fig. 3). In future research, AR or MR should not be sim-
ply used to represent interventions. Instead, a detailed
description should be made from the above three dimen-
sions, and the influence of different classifications of the
three dimensions on the application of this technology in
nursing education should be explored in the future.

Future directions

Although HMD-based AR and MR education has great
potential for providing complex and highly accurate
nursing education, and simulation-based training for
nursing education is rapidly developing, however, there is
still a lack of effectiveness assessment of educational out-
comes in current research. At this stage, the assessments
are still focused on feasibility, which are mostly devel-
oped by researchers or borrowed from other digital tools
like VR, and lack specific proprietary assessment meth-
ods for HMD-based AR and MR [38, 47]. Further com-
parative studies are still needed in the future to develop
assessment methods specific to HMD-based AR and
MR, and to compare the effectiveness between different
HMD-based AR and MR approaches, HMD-based AR
and MR versus traditional methods, as well as between
HMD-based AR and MR and VR. In the current market,
high-end immersive HMDs are still relatively expensive,
user-friendly platforms need to be developed to provide
cost-effective alternatives to advanced mediums in the
future so that more students can have equitable access
to this digital technology [86]. At the same time, the

Table 2 Conceptual description of HMD-based AR and MR in nursing education

Dimensions Description Classification

Fidelity of Virtual- The degree of simulation

ity (FV) of virtual objects in the
learner’s field of vision.

Real-Virtual Inter- The degree of interaction

action (RVI) between virtual and real-
ity in the learner’s field of
vision.

1. Monoscopic video: Play video on a single channel like stationary monitors.

2. Stereoscopic video: Dual channels are played separately for both eyes, enabling depth perception.
3. 3D model: HMD is capable of rendering high-resolution 3D models.

1. Simple superposition: Learners can see both virtual and real simultaneously, but without any
interaction between the two.

2. Location tracking: HMDs can perceive the real environment and place virtual objects at specific
locations in the real environment.

3. Real-time interaction: The device can scan and remodel the real environment, allowing virtual
objects to interact with the real environment just like real objects.

Observation of
Reality (OR)

The degree of restoration
of the real environment in
the learner’s field of vision
(observation method).

Camera.

display.

1. Video see-through: HMD reproduces the real scene by capturing the real scene through the

2. Optical see-through: Learners can directly see the real environment through the translucent
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Fig. 3 Classification of HMD-based AR and MR used in the included studies

application of HMD-based AR and MR also poses new
challenges to the digital literacy of nursing educators and
learners, highlighting the need to strengthen competen-
cies in this area [5]. Furthermore, HMD-based AR and

MR should be integrated with the latest advancements
in artificial intelligence technology, including Large Lan-
guage Models and Computer Vision. This integration
aims to not only enhance the realism of simulation-based
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teaching but also to empower the assessment of educa-
tional outcomes [75, 87].

Study limitations

This study included only literature in Chinese and Eng-
lish, and did not systematically search for gray literature,
which may result in the omission of some evidence and
introduce potential bias. On the other hand, due to the
intention to provide a comprehensive review of HMD-
based AR and MR in the field of nursing education, some
specific application areas may not be discussed in suffi-
cient detail; future reviews could focus on these individ-
ual domains.

Conclusions

This scoping review described the status, strengths, and
challenges of HMD-based AR and MR use in nursing
education, with further definition of AR and MR. HMD-
based AR and MR in nursing education were still in the
developmental stage, and feasibility studies showed that
the use of HMD-based AR and MR in nursing education
could be usable in helping learners obtain nursing skills
and knowledge. Although the use of HMD-based AR
and MR still faces challenges at the current time, they
can motivate nursing education. In the use of HMD-
based AR and MR in nursing education, there is a need
to develop assessment tools specific to the effectiveness
of HMD-based AR and MR, and to conduct large-sample
randomized controlled trials to evaluate the effectiveness
and impact of HMD-based AR and MR in nursing edu-
cation. Researchers should also provide a standardized
description of intervention measures from three per-
spectives: OR, VRI, and FV. Ultimately, this technology
will be used to cultivate better nursing talents, further
enhancing human health.

Abbreviations

XR Extended reality

VR Virtual reality

AR Augmented reality

MR Mixed reality

HMD Head-mounted display

OR Observation of reality

VRI Virtual-real interaction

Fv Fidelity of virtuality

NASA-TLX  National aeronautics and space administration task load index
CcC Chest compression

CPR Cardiopulmonary resuscitation
SDS Simulation design scale

SCLS Self-confidence in learning scale

IMMS Instructional materials motivation survey
SSSC Student satisfaction and self-confidence

ESP English for specific purpose

PSSUQ Post-study usability questionnaire

SUS System usability scale

SET-M Simulation effectiveness tool-modified
VRSQ Virtual reality sickness questionnaire

SSES Satisfaction with simulation experience scale
ECMO Extracorporeal membrane oxygenation

IPE Interprofessional education
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