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ARTICLE INFO ABSTRACT
Keywords: Background: Nurses are at the forefront of providing palliative care, playing a critical role in ensuring high-
Digital learning quality support for patients and their families. Emerging digital and immersive technologies offer new oppor-

End of life care
Extended reality
Nursing education

tunities to simulate complex palliative care scenarios, bridging the gap of limited clinical experiences and
developing palliative care competence.

Palliative care Objectives: To explore and analyse what type of interventions have been implemented within palliative care
Simulation education of undergraduate nursing students using digital and immersive technologies. Secondary aims were
Undergraduate nurses exploring the experiences and effect on palliative care competence.

Design: A systematic review of mixed-methods interventional studies, based on Joanna Briggs Institute guidelines.
Methods: A comprehensive literature search was conducted across Ovid Medline, CINAHL, Scopus, Web of Sci-
ence, Cochrane Library, and ERIC in March 2025. Eligible studies included empirical research on undergraduate
nursing students using digital and immersive technologies to deliver palliative care education. Quality assess-
ment followed JBI critical appraisal tools. Quantitative studies were analysed by Cohen d effect sizes and
qualitative studies with content analysis.

Results: Six studies met the inclusion criteria and were published in 2023 or 2024. Interventions varied between
use of immersive simulation and screen-based simulation. Quantitative findings indicated statistically significant
improvements in palliative care attitudes, abilities and readiness for practice with effect size ranging from 0.40
(p = .01) to 1.13 (p < .001). Qualitative content analysis identified two main themes: clinical experience and
digital learning experience.

Conclusions: Digital and immersive simulation holds significant promise in addressing gaps in undergraduate
nursing palliative care competences. Research in this field is highly limited, with no use of artificial intelligence
within simulations used in the reviewed research. Further high-quality, standardised, and longitudinal studies
are essential to determine sustained impact and generalisability.

1. Background threatening illness (World Health Organization (WHO), 2021). For this
study, the terms palliative care and end-of-life care will use the European

Palliative care involves an approach that aims to improve the quality Association of Palliative Care White Paper definitions (Payne et al.,

of life by relieving and preventing the suffering of patients (adults and 2022). Palliative care is defined as an active and interdisciplinary
children) and their families facing problems associated with life- approach that focuses on the patient, their family and the community in
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its scope and that end-of-life care may be understood more specifically
as comprehensive care for dying patients in the last few hours, days or
weeks of life (Payne et al., 2022).

The importance of palliative care has been recognised by the Council
of Europe (CoE), stating that palliative care is a human right, therefore,
the provision of adequate palliative care must be integrated into
healthcare systems (Council of Europe, 2018). The World Health Or-
ganization (WHO) estimated that each year 56.8 million people need
palliative care, and that only 14 % of people in need receive it (World
Health Organization (WHO), 2021). More recently, the WHO has
emphasised that, to provide optimal palliative care, comprehensive
education on palliative care must be available (Tripodoro et al., 2025;
World Health Organization (WHO), 2021). Nurses are at the forefront of
providing palliative care, in hospitals and in community settings, play-
ing a critical role in ensuring high-quality support for patients and their
families (Hokka et al., 2022).

Palliative care nursing competence involves integrating knowledge,
skills, abilities (Hokka et al., 2020; Liu and Aungsuroch, 2018), and
attitudes to perform palliative care tasks with functional adequacy
(Meretoja et al., 2004; Desbiens et al., 2012). It is widely recognised that
nursing students do not always have the competence on graduating to
provide palliative care through lack of education, real clinical experi-
ences and learning from experts (Chover-Sierra and Martinez-Sabater,
2020; Dobrowolska et al., 2019; Hokka et al., 2022). This has led to
students' feelings of fear, anxiety and unpreparedness for palliative care
(Zheng et al., 2021). Also, the lack of nursing placements and oppor-
tunities in palliative care has contributed to reduced experiences of
undergraduate nurses (Fristedt et al., 2021; Wareing et al., 2018),
increasing the potential risks to patients and families associated with
learning ‘at the bedside’ (Evans and Taubert, 2019). Educational in-
stitutions should primarily offer palliative care training to meet the
World Health Organization (WHO) (2021) component of education and
training and provide palliative care clinical experience to support it.

Clinical experiences have been emulated in nursing education
through simulation in various modes such as standardised patients (SP),
role playing, actor-based, low and high-fidelity mannequin simulations
(Harrison et al., 2024; Vandyk et al., 2018). Simulation is defined as an
educational technique that replicates scenarios from practice, allowing
learners to engage with and learn about both the practice context and
specific tasks (Monteiro et al., 2025). Technology-enhanced learning
(TEL) has emerged as a key strategy for healthcare education, ensuring
that student nurses have opportunities to gain experience and learn from
mistakes within a safe environment, thereby preparing them to care for
complex patients (Frost et al., 2020; Mikkonen et al., 2024). TEL en-
compasses various modes of simulation, utilising technologies such as
high-fidelity simulation and other educational approaches, such as vir-
tual reality (VR). High-fidelity simulation is defined as a mannequin
programmed to provide realistic physiological responses to the partici-
pant's actions within a realistic environment and clinical scenario (Hill
et al., 2023; Mackie, 2015). Simulation has been used in palliative care
education of undergraduate nurses (Gillan and Johnston, 2024; Cant
and Cooper, 2017; Tamaki et al., 2019), with the most common form of
simulation being actor-based role play (standardised patient), an
expensive and time-consuming form of education (Evans and Taubert,
2019).

The use of extended realities for medical training and education has
been widely established, with their use mainly focused on teaching
anatomy and practical skills, known as ‘Technical Skills’ (Kovalainen
et al., 2025). The use of extended reality (XR) simulation-based training
for the development of skills such as communication, teamwork, inter-
professional working and situational awareness, known as ‘Non-Tech-
nical Skills’, is less common and in need for further research (Bracq
et al., 2019; Ropponen et al., 2025).

The rapid development of digital technologies has led to a rapid
development in terminology. There is a dizzying number of terms used
that include a range of partially and fully immersive technologies (Cant
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et al., 2023). It is therefore essential to define the terminology used in
this review. Digital gamification is the application of game design ele-
ments in non-game activities on digital platforms (Khaldi et al., 2023). It
is linked to artificial intelligence (AI), which has interchangeable ter-
minology, such as machine learning (ML), deep learning (DL) and hybrid
intelligence (HI) (Kovalainen et al., 2025). For this review AI will be
referencing machine learning systems or software exhibiting intelligent
behaviour (Kovalainen et al., 2025). Augmented reality refers to the
integration of digital content, such as videos or 3D models, into the real-
world environment through devices like smartphones, tablets, or AR
glasses (Li et al., 2025). Lastly, Digital learning tools refers to software or
hardware technologies used to support and enhance teaching and
learning processes (Taylor et al., 2021). It is widely accepted that the
immersive technologies of virtual reality (VR), augmented reality (AR)
and mixed reality (MR) are collectively referred to as extended reality
(XR) (Lee, 2025; Kovalainen et al., 2025). This systematic review will
use extended reality (XR) as an umbrella term for the digital in-
terventions implemented in the research.

Virtual worlds, augmented realities and gamification of real-life
scenarios are likely to play an important part in future education and
may be an appropriate environment to simulate the often stressful and
complex scenarios that occur within palliative care (Evans and Taubert,
2019). Teaching methods continue to include simulation using roleplay
and standardised patients in palliative care nursing education. Although
there is evidence of the use of XR simulation and digital gamification
within healthcare, its application in palliative care education among
undergraduate nursing students are unknown.

This study aims to identify digital and immersive technologies used
in palliative care education for undergraduate nursing students and to
determine their effect on students' learning experience and competence
in delivering palliative care.

The research questions were:

1. What type of interventions using digital gamification, XR and Al
have been implemented within the palliative care education of un-
dergraduate nursing students?

2. What are the effects of these interventions on the development of
undergraduate nurses' competence when delivering palliative care?

3. What kind of experiences have undergraduate nurses encountered in
digital and XR simulation?

2. Methods

The Joanna Briggs Institute (JBI) methodology (Aromataris et al.,
2024) was followed as a step-by-step guide to explore and analyse what
type of digital and immersive interventions have been implemented
within palliative care undergraduate nursing education, students'
learning experience and their effects on students' palliative care nursing
competence.

2.1. Search strategy

Inclusion and exclusion criteria were set through the PICO (Popu-
lation, Intervention, Control and Outcome) (Table 1) frameworks to
ensure relevance to the research question. Due to the complexity of
terminologies within immersive technologies and simulation, a senior
research librarian assisted with the search strategy, including database
selection, search terms and Boolean operators. For the Al technology
search strategy, the University of Alabama Filters to Retrieve Studies
Related to Artificial Intelligence (Campbell and Kung, 2025) was
implemented, with some additional search terms. The palliative care
outcome search strategy implemented Rietjens et al. (2019) Gold Stan-
dard sensitive filter, validated at a 99.6 % relevant retrieval success rate.

An extensive search was conducted in March 2025 in databases Ovid
Medline, CINAHL, Scopus, Web of Science, Cochrane Library and ERIC
(ProQuest). An initial search highlighted a significant number of results,



A. Graham et al.

Table 1

Inclusion/exclusion criteria (PICO).

PICO/Study Inclusion criteria Exclusion Criteria

design

Population Undergraduate nursing Not undergraduate nursing
(6] students students

Intervention Education using digital Traditional education without
(09 gamification, VR, AR, Al, and gamification, VR, AR, Al, and

Control (C)

Outcome (O)

Study design

other digital learning tools
Traditional education without
digital gamification, VR, AR,
Al and other digital learning
tools

Palliative care nursing
competence

Peer-reviewed original articles,
interventional studies (RCTs,
quasi-experimental, pre- and
post-test studies), written in
English or Finnish

other digital learning tools
Simulation not using digital
tools, such as a standardised
patient, role-play, low and
high-fidelity simulation with a
mannequin patient.

No measurement of palliative
care nursing competence

Not peer-reviewed original
articles, interventional studies
(RCTs, quasi-experimental,
pre- and post-test studies), not
written in English or Finnish.

Literature reviews.

mainly due to the complexity of Al and simulation terminology. To
reduce the number of initial results, and maintain the inclusion criteria
of only interventional studies, document types such as systematic re-
views were excluded and research published only in English and Finnish
were implemented into the search strings. No time limits were set for
publications (Supplementary Table 1).

2.2. Selection process

Searches were conducted in the identified databases and files
exported to Covidence software (Covidence, n.d.) for screening and data
extraction. After removal of duplicates, five researchers divided into
pairs (AG, MH, SP-S, M-LF, KM) separately reviewed the titles and ab-
stracts of the studies for inclusion. Four researchers (AG, MH, M-LF, KM)
reviewed the full text of articles selected from the title and abstract
screening process. At this stage, a manual search of the full text articles'
reference lists was conducted for possible relevant articles missed by the
database search. Each full text article was read by two researchers
separately, and a senior researcher (KM) resolved any conflicts. The
selection process can be viewed in the PRISMA flow chart (Fig. 1).

2.3. Quality assessment

Quality assessment was conducted by the lead researcher (AG) and
second researcher (MH) independently using the JBI Critical appraisal
tool checklist for quasi-experimental studies for all studies (n = 6) and
the JBI Critical appraisal tool checklist for qualitative research, if
qualitative research was included in the methodology (n = 4)
(Aromataris et al., 2024). Conflicts were resolved by a third senior
researcher (KM) if necessary. The checklist for quasi-experimental
studies contained nine assessment criteria, and the checklist for quali-
tative research contained ten assessment criteria. Each item was given a
rating of ‘yes’, ‘unclear’, ‘no’ or ‘n/a’ (‘not applicable’), with a ‘yes’
scoring one point. Total scores were calculated, resulting in a final
percentage representing the quality appraisal. All critical appraisals
were discussed, and one conflict was resolved by (KM) regarding the
research methodology of Shah et al. (2024).

2.4. Data extraction and analysis strategy

Data extraction included author, year, country, title, methodology,
participants and settings, intervention, comparator, outcome and key
findings. Among the mixed-methods studies, statistical analysis was
used to analyse the quantitative part of the studies where possible (n =
4), and an inductive content analysis approach (Mikkonen and
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Kaariainen, 2020) was used to collate and analyse all qualitative data (n
= 4). An inductive content analysis process takes raw data text directly
from the text to create open codes. From the open codes, sub-categories,
categories and main categories are established that answer the research
questions. Content analysis was chosen to ensure the analysis was
guided by the research questions (Mikkonen and Kaariainen, 2020).

Meta-analysis was not an appropriate analysis methodology due to
the heterogeneity of the research methods, outcomes and reporting in
the included studies. However, to answer the research question on the
effect on nursing students' competence in delivering palliative care, it
was possible to calculate and analyse the effect sizes of studies that
included detailed quantitative data (n = 4) with the assistance of senior
researchers (MT, KM). For the studies using only intervention group data
(Barker et al., 2023; Hall et al., 2024; Zhang et al., 2024) effect sizes of
pre-test and post-test data were calculated using mean difference (MD)
and standard deviation (SD), with statistical significance established at
p < .05. Additionally, Cohen's d was used to quantify the magnitude of
the intervention effect (Munro, 2005). For the research that included
control group (CG), intervention group (IG) and follow-up group
(Kiegaldie and Shaw, 2023) effect sizes were calculated as the difference
in means between IG and CG, divided by the pooled standard deviation
of the two means. It was not possible to report statistical analysis for the
studies that did not report statistical data (Chidume, 2024) or data
relevant to measuring effect (Shah et al., 2024). Inductive content
analysis was used for qualitative data analysis to answer the research
question of what kind of experiences were encountered in digital and XR
simulation and provide the reader with a comprehensible picture of the
data relating to the research questions due to the varied research
methodologies and outcome measurements (Mikkonen and Kaaridinen,
2020).

3. Results
3.1. Characteristics and methodology of included articles

During the selection process 13,701 studies were imported for
screening. After removal of duplicates (n = 3232), 10466 articles were
screened for inclusion. 52 articles were reviewed at the full text stage,
resulting in 46 articles not meeting the inclusion criteria. 6 studies were
included for review.

Quality appraisal results showed that quasi-experimental studies (n
= 6) ranged from 0 % to 78 %, with 5 studies scoring lower than 50 %.
Quality appraisal of studies including qualitative data (n = 4) scores
ranged from 0 % to 80 %, with 3 studies scoring >60 %, indicating good-
quality qualitative research. Due to the low scoring of the quasi-
experimental studies' quality assessment, the researchers discussed the
appropriateness of the review. Following discussion with the lead
researcher (AG), second researcher (MH) and senior researcher (KM) it
was agreed that all articles would be included in the review due to the
limited number of research articles fulfilling the inclusion criteria, and
the possibility of insight into the current research landscape of this new
palliative care undergraduate nursing education approach. Critical
appraisal of quasi-experimental studies (n = 6) is presented in Supple-
mentary Table 2, and of studies that also included qualitative data (n =
4) in Supplementary Table 3.

Limitations of the studies impacted their research quality and
comparability. Barker et al. (2023) used multiple formats of the inter-
vention, which students could choose, limiting the analysis of the
simulated intervention's effectiveness by format. This is similar to the
situation in Hall et al. (2024), who did not differentiate between the
effectiveness of VR simulation and standardised patient simulation,
resulting in limited findings regarding VR simulation's effectiveness.
Limitations of Shah et al. (2024), within the scope of the research
questions of this systematic review, are that it measured the connections
of professional practice within VR simulation and not effectiveness or
competence development. Kiegaldie and Shaw's (2023) main limitation
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Scopus (n =5039)
CINAHL (n = 4388)
MEDLINE (n = 2115)
Web of Science (n = 1552)
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References from other sources (n = 0)
Citation searching (n = 0)
Grey literature (n = 0)
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>| Studies excluded (n = 10414)

v

Studies sought for retrieval (n = 52)

21 Studies not retrieved (n = 0)

v

Screening

Studies assessed for eligibility (n = 52)

Studies included in review (n = 6)

v

Studies excluded (n = 46)
Wrong intervention (n = 2)
Wrong study design (n = 1)
Not palliative care (n = 15)
Not a research article (n =11)
Not undergraduate nurses (n = 5)
No digital education intervention (n = 12)

Fig. 1. PRISMA diagram.

was the inability to implement the CG and ‘cross over groups’ as planned
due to the COVID-19 pandemic. Therefore, the robustness of the results
is limited by the greater number of participants in the IG than in the CG.
Zhang et al. (2024) had limitations, including a single-group pre-test-
post-test design; an experimental study would have provided compara-
tive results and a more comprehensive evaluation of VR simulation
effectiveness on palliative care competence.

Common limitations of the included studies include small sample
sizes, with participant numbers ranging from 10 to 83 (except for Kie-
galdie and Shaw (2023)), limiting generalisability. Varying measure-
ment tools and the adaptation of these tools for the specific research also
limit the validity of results, alongside their comparability with other

studies. No study design implemented a randomised control trial and
only one implemented a CG and follow up, which became a limitation
due to the inability to implement it appropriately (Kiegaldie and Shaw,
2023). It is because of this lack of quantity, quality, and standardisation
in reporting that conducting a meta-analysis of the data was not
possible. There was no consistency of palliative care competence mea-
surement tools or acceptance of XR simulation.

The included articles represented research from Australia (n = 2)
(Hall et al., 2024; Kiegaldie and Shaw, 2023), China (n = 1) (Zhang
et al., 2024) and the USA (n = 3) (Barker et al., 2023; Chidume, 2024;
Shah et al., 2024). Articles were published between 2023 and 2024, with
participant numbers ranging from 10 to 675. Design varied; two studies
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did not report design (Chidume, 2024; Shah et al., 2024), a pilot quasi-
experimental study using one-group pre-test post-test design (Barker
et al., 2023), a single-arm, pre-post repeated measure design (Hall et al.,
2024), amixed methods quasi-experimental design study (Kiegaldie and
Shaw, 2023) and a mixed methods study single-group pre-test post-test
design and focus group interviews (Zhang et al., 2024). All studies
included digital or immersive technology, however, no studies using
gamification or utilising Al were retrieved.

The varied research designs reported both quantitative and qualita-
tive data. As this review followed JBI guidelines, which states mixed-
methodology is built by combining quantitative and qualitative
studies, the studies which included quantitative and qualitative data
were merged into mixed-methodology for comparison. Two studies re-
ported only quantitative data (Barker et al., 2023; Shah et al., 2024) and
four were reviewed as mixed methods (Chidume, 2024; Hall et al., 2024;
Kiegaldie and Shaw, 2023; Zhang et al., 2024). All mixed-methods
studies used qualitative data as a complimentary purpose to enhance
and elaborate on the quantitative findings (McCrudden et al., 2021). The
type of interventions implemented for the education in palliative care
varied, not only in the hardware but also in the software. Head-mounted
displays were used in three studies (Barker et al., 2023; Hall et al., 2024;
Kiegaldie and Shaw, 2023), however Barker et al. (2023) gave partici-
pants the option to use a screen-based medium via computer or mobile
phone. Two studies researched screen-based scenarios (Shah et al.,
2024; Zhang et al., 2024) and one study used screen-based live inter-
action with actors via Zoom (Chidume, 2024). Of the studies that used
immersive XR all studies implemented different hardware; Oculus Quest
head mounted display (Barker et al., 2023), Google Cardboard (Hall
et al., 2024) and Kiegaldie and Shaw (2023) only state the broad ter-
minology of “VR Headset” but does use a differing technology of “gaze
control”.

The software also differs throughout the three studies, and ultimately
throughout all studies included in the review, with Barker et al. (2023)
using 360° camera video, Hall et al. (2024) using VirtualU End of Life
Care program and Kiegaldie and Shaw (2023) using Jasper VirtualU
software. Within the three screen-based studies there is no consistency
in software used as Chidume (2024) used established video call tech-
nology (Zoom), Shah et al. (2024) did not state software used and Zhang
et al. (2024) used established game engine Unity 3D to develop their
own bespoke training scenario.

The included studies researched students' attitudes toward palliative
care (Barker et al., 2023), perception of effectiveness of simulation
(Chidume, 2024), palliative and end of life care education needs,
palliative care nursing self-competence, satisfaction of learning experi-
ence (Hall et al., 2024), self-perceived knowledge, motivation and pre-
paredness for clinical placement or clinical practice (Kiegaldie and
Shaw, 2023), knowledge of nursing practice, person-centred care and
professionalism, patterns and comparison of connection-making (Shah
et al.,, 2024), palliative care ability, palliative care attitudes and
perception of virtual clinical simulation (Zhang et al., 2024).

Measurement instruments utilised included validated and non-
validated measurement tools. Validated tools included the Frommelt
Attitude Toward Care of the Dying Scale B (FATCOD-B) (Barker et al.,
2023; Zhang et al., 2024), Simulation Effectiveness Tool-Modified (Set-
M) (Chidume, 2024), Nurses' Palliative Care Knowledge Scale, Palliative
Care Ability Assessment, and Technology Acceptance Model (TAM)
(Zhang et al., 2024). Non-validated tools included a modified survey
utilised from a combination of End-of-Life Professional Caregiver Survey
(EPCS) and Palliative Care Nursing Self-Competence Scale (PCNSC)
(Hall et al., 2024), and the researchers' own developed measurement
tools (Kiegaldie and Shaw, 2023).

3.2. Statistical analysis and findings of quantitative data

Kiegaldie and Shaw (2023) examined a VR palliative care scenario
showing significant short-term improvements (IG vs. CG: d = 0.75, p <
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.001; IG pre-post: d = 0.63, p < .001). At follow-up, effects were
negligible (d = 0.01, p = .95; IG pre-post d = 0.10, p = .47). Three
studies (Barker et al., 2023; Hall et al., 2024; Zhang et al., 2024) assessed
the impact of educational interventions on palliative care-related com-
petences in nursing students, using only IG data. Barker et al. (2023)
reported a significant improvement in attitudes toward caring for dying
patients (FATCOD-B mean difference 11.67, d = 1.13, p < .001). Hall
et al. (2024) reported small-to-large improvements across 13 ability and
attitude items (d = 0.22-0.93, most p < .05). Zhang et al. (2024) found
moderate gains in ability, attitudes, and knowledge (d = 0.32-0.55, p =
.05-<0.001). Usefulness and ease of use scored highest, while immer-
sive experience ratings were lower. Quantitative findings are presented
in Table 2.

Two studies did not report statistical data that could be analysed.
Chidume (2024) presented SET-M results descriptively without pre/post
values. Shah et al. (2024) used T/ONA and reported significant differ-
ences in decision-making patterns across patient scenarios (p < .001),
indicating students' ability to adapt within a virtual environment.

3.3. Content analysis and findings of qualitative data

Following the content analysis inductive process, qualitative data
was extracted from the relevant research articles as raw data. This raw
data text was taken directly from the text to create open codes (n = 31)
and establish sub-categories (n = 17), categories (n = 6) and main cat-
egories (n = 2) that answer the research questions (Table 3).

Clinical experience was established as a main category, through
statements of XR simulations giving students the opportunity to develop
clinical competence. Through the XR experiences, participants learned
from clinical decision making, increased clinical reasoning and
increased critical thinking. Participants emphasised “(VR) promoted
higher order critical thinking and reasoning skills” (Kiegaldie and Shaw,
2023), and “(Virtual Clinical Simulation) makes me more deeply
remember the palliative care knowledge” (Zhang et al., 2024). The XR
experience also offered the opportunity to practice these skills with a
“situation not experienced in practice” (Chidume, 2024) and a partici-
pant in Zhang et al. (2024) study stating “As the scenarios were not
actual clinical emergencies, I had sufficient time to comprehensively
consider the person's physical condition and wishes in making effective
clinical decisions. I believe this aspect held great significance for me”.
This, alongside experiencing a “persons physical suffering and family's
emotional distress”, having a “profound experience” and “heightened
my comprehension of the meaning and value of palliative care” (Zhang
et al., 2024) presents developing professional identity and attitude shifts
as a direct result of exposure to palliative care education and XR
learning.

Table 2
Quantitative findings.

Study Outcome reported Effect size

Post-intervention effect size of
0.75 and a p-value <.001

Kiegaldie and Nursing students' self-
Shaw perceived knowledge,

(2023) motivation, and preparedness
for clinical placement Within the IG, the change from
pre- to post-intervention effect
size of 0.63 p-value <.001
Barker et al. Attitudes toward caring for Pre- to post-intervention effect
(2023) dying patients using the size of 1.13 and a p-value <
FATCOD-B scale .001.
Hall et al. Palliative care abilities and Effect sizes ranged from small
(2024) attitudes to large from 0.22 to 0.93 p-
value <.05
Zhang et al. Palliative care ability Palliative care ability effect size
(2024) Palliative care attitudes of 0.32 p-value = .05)

Palliative care attitudes effect
size of 0.55 p-value <.001
Palliative care knowledge effect
size of 0.40 p-value = .01

Palliative care knowledge
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Table 3
Content analysis.
Code Sub-categories Categories Main
categories
Learn from clinical clinical ability Clinical Clinical
decision making Competence Experience
Increased clinical
reasoning
Increased critical
thinking
Clinical preparation skill acquisition
clinical experience skill
Practice development
Increased attitude to Attitude change Professional
palliative care field Identity & Attitude
Positive response to professional Shifts
palliative care development
nursing
Appropriate delivery content delivery Content design & Digital
of content content design delivery Learning
Appropriate content content realism Experience
Scenario realism
Reduced anxiety emotional safety Learning
Positive learning engaging Environment
environment environment
Realistic environment
Safe environment
Enjoyable experience positive Learning
Enthusiasm for engagement Experience
simulation learning
Ability to repeat cognitive
learning development
Increased recall
Increased learning
Ability for decision consequential
choices learning
Consequences of
action
Ability for alternative
response and
outcome
Increased confidence self-efficacy
Reflection reflective
learning
Negative response to technology Technology
VR simulation barriers perception &
content preference
Reduced ability of VR
simulation
Negative response to
equipment
Unrealistic
(technology
context)
VR preference over technology
SP preference

Screen-based
preference over VR

The second main category was established as a digital learning
experience. Appropriate content design and delivery alongside scenario
realism enhanced the digital learning experience (Kiegaldie and Shaw,
2023; Zhang et al., 2024). The XR simulation environments created
positive learning environments and engagement with learning
(Kiegaldie and Shaw, 2023; Zhang et al., 2024), providing emotional
safety (reduced anxiety) through the virtual environment (Hall et al.,
2024; Kiegaldie and Shaw, 2023; Zhang et al., 2024). The learning
environment encouraged cognitive development (Zhang et al., 2024)
and an appreciation for consequential learning through the ability to
make mistakes, see consequences of actions and alternative outcomes
(Kiegaldie and Shaw, 2023). Reflective learning and a learning experi-
ence that increased confidence (self-efficacy) were sub-categories that
built on the effect the XR learning experience had on participants
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(Kiegaldie and Shaw, 2023; Zhang et al., 2024).

The sub-category of technology perception and preference responses
was created due to participants expressing negative experiences either
as a technology barrier or a technology preference when there was a
choice between head-mounted display and a screen-based activity.
Negative responses to VR content related to reduced ability to interact,
malfunctioning equipment, non-realism and some participants preferred
a screen-based experience over a VR immersive experience (Kiegaldie
and Shaw, 2023; Zhang et al., 2024).

4. Discussion

This systematic review shows a significant increase in the effect of XR
interventions on the development of undergraduate nurses' competence
in delivering palliative care. It has also shown that XR is a valid modality
to gain clinical experience, which has not been evidenced previously.
Statistical analysis of the outcome measurements shows unified findings
between the studies. Palliative care knowledge, skills, abilities and
attitude following digital or XR simulation showed statistically signifi-
cant improvement.

This is in line with previous studies of the use of digital and XR
simulation for nursing competencies for general undergraduate nursing
(Chen and Liou, 2022; Turrise et al., 2020; Campbell et al., 2021;
Goldsworthy et al., 2022), medical and pharmaceutical education (Kang
and Kang, 2022; Essel et al., 2022), undergraduate medical students in
palliative care (Taubert et al., 2019), and professional nurse education
(Vandyk et al., 2018; Reynolds et al., 2023), showing new validity of XR
simulation for undergraduate nursing palliative care education.

Assessment of the impact of the educational interventions was the
focus of three studies (Barker et al., 2023; Hall et al., 2024; Zhang et al.,
2024), with all three studies measuring palliative care attitude, all
showing statistical significance from pre-post test results. Unfortunately,
lack of standardisation in measurement and reporting makes compara-
bility difficult, however individual results supports previous findings of
improved attitudes toward a variety of nursing fields and palliative care
through education and XR as a form of clinical experience (Vandyk et al.,
2018; Tay et al., 2023; Lee et al., 2020; Reynolds et al., 2023; Dean et al.,
2020). This strongly supports the extensive research into nursing un-
dergraduates' perception of palliative care and the positive impact
exposure to palliative care educational interventions can have (Hokka
et al., 2022; Berndtsson et al., 2019; Lo lacono et al., 2024; Li et al.,
2021).

Due to the limited clinical experience for undergraduate students in
palliative care, these studies showed that an XR simulation-based pro-
gramme addressed gaps in clinical practice experience and was an
effective modality to gain experience in palliative care communication.
The use of XR for ‘technical’ skills is widely established (Bracq et al.,
2019), and this systematic review shows evidence that ‘non-technical’
skills such as communication and situational awareness can be achieved
through XR simulation and specifically within palliative care education.
This provides further evidence for the training of ‘non-technical’ skills
which are less common in XR training and education (Bracq et al., 2019)
and new evidence to support its use in palliative care education.

Hall et al. (2024) measure palliative care nursing competence
through measuring palliative care abilities and attitudes. The highest
gains were observed in competences such as dealing with ethical issues
and participating in end-of-life discussions. This is supported by the only
other study that aimed to comprehensively measure competence (Zhang
et al., 2024) and the only study that implemented an IG and CG
(Kiegaldie and Shaw, 2023). Kiegaldie and Shaw (2023) IG group
showed change in self-perceived knowledge, motivation, and pre-
paredness for clinical placement (competence), however, the knowledge
was not maintained over time. This is in line with findings of previous
research on the need for evaluating the long-term influence of knowl-
edge gained by simulation (Perez et al., 2022) and continued education
to maintain effective and adequate palliative care nursing competence
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(Suikkala et al., 2021, 2023; Hokka et al., 2020).

Through content analysis, the studies show evidence of the benefit of
XR simulation through clinical ability, skill acquisition and develop-
ment, alongside professional development. These can all be considered
elements of palliative care clinical nursing competence (Hokka et al.,
2020, 2021; Suikkala et al., 2023). This has been shown in previous
research of general nursing fields of education and training (Pardue
et al., 2023; Plotzky et al., 2021; Kang and Kang, 2022; Turrise et al.,
2020). Significantly, this systematic review brings new insights into the
specific effect of XR on palliative care competence for undergraduate
nurses.

Results from the included studies showed undergraduate nursing
students' high levels of satisfaction and engagement in learning through
XR simulation. Participants reported XR as a positive learning experi-
ence that optimised learning, presenting a safe and less stressful learning
environment than a traditional environment. This is vital evidence to
support the previous research of the need for nurses to gain experience
within a safe environment, which is critical in their preparation for
complex situations upon graduation (Dean et al., 2017; Frost et al.,
2020; Tanner, 2006; Romyn et al., 2009). It is a significant finding of the
effectiveness of XR simulation for developing palliative care compe-
tence, where the potential risks to patients and families associated with
learning ‘at the bedside’ are significant (Evans and Taubert, 2019).

The possibility of gaining clinical experience through XR simulation
was presented throughout the studies, resulting in improved skill
acquisition and skill development. Previous research has shown the
benefits of standardised and high-fidelity simulation (Evans and Tau-
bert, 2019). This systematic review shows the same positive effect for XR
simulations for palliative care nursing education. The study, which used
both XR and standardised simulation (Hall et al., 2024), showed no
difference in response to XR and standardised simulation, with partici-
pants showing appreciation of the XR simulation realism. This also adds
supporting evidence to the premise that XR could be a solution to the
static nature and inability to interact with high-fidelity simulation (Dean
et al., 2017).

Negative results in the use of XR simulation showed issues with the
technology hardware being uncomfortable and the software not having
the desired level of realism and immersive experience, furthering the
evidence that XR simulation is not preferred by all (Mattsson et al.,
2025; Ropponen et al., 2025). There were also reports of dizziness and
nausea, an established negative effect of immersive simulation, known
as cyber sickness, for some participants (Oh and Son, 2022; Foronda
et al., 2020; Choi et al., 2022; Taylor and Layland, 2018). A lack of
variety in scenarios and repetition alongside time allocation were also
reported, a negative response found in the research of the use of
standardised patient and VR simulation (Mergen et al., 2024; Yeo et al.,
2024; Rutherford-Hemming et al., 2019).

Limited interaction abilities were reported as a barrier to learning
and participation, as found in Dean et al. (2017) and Mattsson et al.
(2025), which emphasises the fact that Al was not used in any of the
interventions. Responses of patient and family members, within the XR
environments, were programmed and varied only on the pre-
programmed choices that participants made. Unlike simulations using
standardised patients, where actors respond to the direct communica-
tion from the participant, the interventions researched could not
respond to the participant's voice. For the education of undergraduate
nurses in palliative care, this is evidence of the need for the ability to
communicate directly within XR simulation and emphasises the need for
further research into the use of AI within XR. Mikkonen et al. (2025)
found that Al-enhanced XR introduces adaptive, gamified scenarios that
foster digital competence, emotional resilience, and situated cognition
within emergency care. Mikkonen et al. (2024) has also stated the use of
hybrid intelligence as an effective way to offer new pedagogical methods
and training opportunities. It is, therefore, highly recommended that
further research be carried out into the use of Al-enhanced XR for
communication skills in complex situations such as palliative care.
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Previous research has reported a significant paucity of quality
research within the field of digital and XR nursing education (Plotzky
etal., 2021), and this review shows not only a paucity in quality but also
a lack of comparable quantity of research. Evans and Taubert (2019)
stated that palliative medicine had been slow to adapt to simulation
education, specifically computer and XR environments, and this review
shows that palliative undergraduate nursing has been even slower.

4.1. Limitations

This systematic review has several limitations.

There were similar findings to those of previous research regarding a
lack of standardisation, variability in methods, devices, data collection
tools and outcome measurements regarding digital and XR simulation
use within varying fields of healthcare education (Rourke, 2020; Martin
and Tyndall, 2022; Jones et al., 2021; Aguinaga-Ontoso et al., 2021;
Plotzky et al., 2021).

Limitations associated with this systematic review include publica-
tion bias and statistical analysis. Although diligence was taken to ensure
no research would be missed due to focus on technology, nursing or
undergraduate student population, only peer-reviewed studies in En-
glish or Finnish were reviewed. There may be articles published in other
languages, notably Chinese and Korean, that may have been appropriate
for the systematic review criteria. It must also be recognised that the
world of technology is developing at an incredibly fast pace, and so there
may be many projects in progress and articles being reviewed for pub-
lication. Statistical analysis was limited by the variety of designs and
reporting, with one study ineligible for analysis of effect (Shah et al.,
2024), one not reporting any statistical information (Chidume, 2024),
and Zhang et al. (2024) not reporting statistical analysis for perception
of the VR simulation. Therefore, comprehensive statistical analysis for
the effectiveness of interventions of all included studies was limited.

These limitations impact the generalisability of the individual studies
and of this systematic review, which should be taken into consideration
when developing future research studies in digital and XR simulation for
palliative care nursing education.

5. Conclusion

This systematic review presents evidence that research into the use of
digital and XR simulation for undergraduate nurses' palliative care ed-
ucation is limited. The majority of intervention type was screen based
via computer or mobile phone and immersive simulation using head
mounted display was limited in participant verbal interaction. However,
the studies showed significant improvements in students' attitudes,
knowledge, skills, and perceived readiness to provide palliative care
following exposure to XR simulation. Importantly, participants valued
the safe, immersive, and engaging learning environments that these
technologies provided. Digital technologies created environments that
encouraged critical thinking, professional identity formation, and non-
technical skill development, including communication and empathy.
Therefore, digital and XR simulation can have positive effects on un-
dergraduate nursing students' competence in delivering palliative care.

There is a clear paucity of evidence and scope for future research to
integrate Al into digital learning tools and XR simulations for under-
graduate nurses' palliative care education. It is highly recommended
that future research is needed and experimental studies that include
control groups and longitudinal assessments should be prioritised in
future research.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.nedt.2026.106982.
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