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Best Practices and organizational strategies. In Round 2, 62 statements derived from these themes were refined

and rated by experts, focusing on key elements such as managing cognitive load, improving
learner engagement, and fostering affective and psychomotor skills. Round 3 validated and
prioritized the recommendations, aligning them with models like the Cognitive-Affective Model
of Immersive Learning (CAMIL). Key results include practical strategies to enhance learning
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approaches, theoretical underpinnings, and resource design, this study provides educators and
policymakers with actionable tools for evaluating, scaling, and critically comparing VR applica-
tions in healthcare education. Ultimately, these recommendations support VR’s transformative
role in reimagining healthcare training, encourage the development of creative problem-solving
skills among learners, and call for sustained academic inquiry to fully realize VR’s benefits in this
field.
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1. Introduction
1.1. Emergence of TEL and the need for practical fidelity

Technology Enhanced Learning (TEL) has emerged as a necessary approach to cater the needs of healthcare learners (Antoniou
et al., 2014). Over the years, TEL enablers, have a offered unique educational benefits for healthcare training, demonstrating im-
provements in knowledge retention and skill acquisition (Antoniou et al., 2020; Lewis et al., 2024; Simsek et al., 2024). Such ad-
vancements reflect the increasing significance of TEL as healthcare education moves towards more flexible, efficient, and
learner-centred models. Web-based services, for example, National Health System (NHS) e-Learning in UK, providing 24/7 acces-
sible training (Programmes - elearning for healthcare, 2023), yet they often lack the practical, hands-on fidelity required for developing
complex clinical competencies. While TEL is emerging in Healthcare, the educators mostly have a positive view on the how the
technology can be utilised, but also raise concerns on its pedagogically sound implementation in practice (Ryhta et al., 2020). Digital
Pedagogy competences that can be divided in three main categories 1) pedagogical competence, 2) digital competence, and 3) ethical
competence (Ryhta et al., 2020) are an essential catalyst for TEL integration in Healthcare (NHS, 2019; Zhao et al., 2024).

1.2. VR as a bridge to immersive educational experiences

In contrast, immersive technologies—particularly Virtual Reality (VR)—offer opportunities to bridge this gap, enabling realistic,
interactive scenarios that simulate clinical practice. These scenarios can enhance cognitive processing, support creative problem-
solving, and improve psychomotor skill performance (Dhar et al., 2023; Hoogenes et al., 2018). Immersive resources may involve
computer-generated 3D Virtual Reality (VR) environments, experienced in both fully or mobile VR applications, and digital projections
that integrate with real-world settings to create Augmented Reality (AR). Both VR and AR are included in the eXtended Reality (XR),
broadening the spectrum of immersive educational experiences (Asunis et al., 2023). Notably, VR remains the most employed modality
in healthcare education and research compared to AR (AlGerafi et al., 2023). Healthcare education encompasses a wide range of roles
from medical practitioners, health informatics specialists, and patient educators and advocates. For all stakeholders students, lecturers,
practitioners, and patients, immersive technologies need to be assessed, designed, developed, implemented, and evaluated to be
effective (Birkheim et al., 2024; Scorolli et al., 2023). However, while the potential is evident, systematic guidance on how to
implement VR into healthcare curricula effectively remains limited.

1.3. Organizational, economic, and theoretical challenges

Challenges persist at both organizational and educator levels. According to a Joint Information Systems Committee (JISC) report
(JISC, 2019), immersive technology is not widely used, as the cost of implementing this technology remains one of the major chal-
lenges for institutions. The cost of designing and implementing a VR training for healthcare professionals in hospitals was roughly
$106,387 (Farra et al., 2019). VR hardware required is still seen as expensive and cost-prohibited in some contexts (Camilleri, 2024).
To reduce such a high cost a widespread, streamlined re-usable resources are required. Furthermore, many higher education (HE)
institutions reported a lack specialist support, practical guidelines, and robust strategies to harness XR’s full educational potential.
Nearly all HE institutions indicated that expert-based advice and guidance on VR and AR development would be ‘very useful’. (JISC,
2019). Yet, there is no single source offering comprehensive recommendations—encompassing both organizational strategies and
pedagogical frameworks—specifically tailored to healthcare education.

Lie et al. (2023) recent review agreed that research focusing specifically on virtual reality implementation is scarce, with a few
current efforts mentioning “paticulalry in the Conclusion section” reccomendations for careful design and evaluation, the training of
faculty and students, and the presence of faculty during virtual reality use. The JISC report also highlighted the need for advice on use
immersive technologies effectively for learning and teaching, the benefits of use, and guidance around equipment and software. In
response to these challenges, JISC has collaborated with Metaverse Learning to provide different experiential content in various in-
dustries (Metaverse Learning for FE, 2023). This collaboration is an example of an increasing commitment by various companies to
develop globally accessible educational platforms integrating VR technologies (e.g. Anatomy Next, Oxford Medical Simulation, Pro-
prio, and Virti), enabling students to analyze, diagnose, and treat virtual patients in diverse clinical scenarios. Such platforms, evi-
denced by research outputs from organizations like Fundamental Surgery (Accreditation - Fundamental Surgery, 2019), offer varied
clinical practice environments and ensure adaptability to the learners’ actions, mirroring real-life dynamics. This approach demon-
strates a significant shift towards personalized, immersive learning experiences in healthcare education.

Experiential learning theory and Constructivist learning theory together with problem-based collaborative learning approaches
have been identified to enhance the application of VR (Mallek et al., 2024). Furthermore, pedagogical frameworks for VR-based
simulations have been proposed such as the VR-SIMI (Birkheim et al., 2024). However, the integration of academic rigor in these
immersive reality technologies is often insufficiently transparent. Recent researches highlighted facilitators and barriers for adopting
VR into healthcare education, exploring evaluation methodologies and research outcomes measurements (Abbas et al., 2024).
Literature also highlights a need for more systematic, theoretically grounded approaches to development and implementation and
pedagogical integration (Jensen & Konradsen, 2018; Mallek et al., 2024; Mergen et al., 2024; Radianti et al., 2020). "Future of Surgery:
Technology Enhanced Surgical Training" report, underlining the importance of academically rigor, and industry-aligned development
in advancing immersive surgical training technologies (FOS:TEST Commission, 2022) . Without expert-backed theoretical un-
derpinnings and standardized models, the full transformative potential of VR cannot be realized.
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1.4. Addressing gaps and defining research questions

A critical issue is the disconnect between VR innovations and the healthcare professionals who will ultimately use them. Halbig
et al. (2022), noted that “the actual needs and concerns of the people who work in the healthcare sector are often disregarded in the devel-
opment of VR applications”. User-centred and co-creation approaches involving all stakeholders are essential to ensure VR solutions
meet actual educational requirements (Mergen et al.,, 2024). Although previous works have explored user-centred design
(Matsangidou et al., 2023), participatory methods (Pears et al., 2024), and best practices for VR development (Antoniou et al., 2023),
the field still lacks a unified, evidence-based blueprint for producing re-usable VR resources that reduce costs, streamline imple-
mentation, and target the cognitive, affective, and psychomotor domains of learning. Moreover, with an expanding range of VR-based
e-learning products available, there is a pressing need to validate their effectiveness and ensure that they meet learners’ expectations.
Involving end-users in resource design and evaluation is paramount (Mathew et al., 2021), while broad areas of measurement of user
experience of immersive technology in simulation such as self-reported measure on user; depth of immersion, fidelity of experience;
psychological safety of a scenario; and aspects of reflection have been proposed (Jacobs et al., 2023). Nonetheless, many gaps remain:
current literature and practice often focus on isolated case studies or single applications rather than developing overarching frame-
works that can be widely adopted. There is also limited discussion on how models like Cognitive Load Theory or the
Cognitive-Affective Model of Immersive Learning (CAMIL) (Makransky & Petersen, 2021) could guide VR resource design, or how
procedural, declarative, and conditional knowledge acquisition can be optimized within these virtual environments.

Incorporating innovative strategies such as simulation-based learning, critical thinking enhancement and spatial awareness and
practical skill development have been proposed as best practices for integrating digital transformation in nursing curricula (Tiago &
Mitchell, 2024). Four steps proposed for incorporation of immersive resources into the curriculum: preparatory work to of readiness
and need assessment including stakeholders; curriculum design and development with stakeholders; implementation by enhancing
educators professional development and learner orientation, conducting pilots before at large implementation; and evaluation and
continuous improvement (Lewis et al., 2024; Motola et al., 2013). However linkages with educational theories, scientific evidence,
finances, technical limitations, and didactic aspects poses challenges in VR implementation integration in healthcare education
(Mergen et al., 2024).

To address these challenges, this paper aimed to formulate a series of expert-guided recommendations through a modified Delphi
study to address the integration challenges of VR technologies in healthcare education. This approach enables systematic consensus-
building among international experts, ensuring that the resulting recommendations are both theoretically sound and practically
applicable. Specifically, the study aims to answer the following research questions:

1. What essential theoretical and practical considerations should guide the design of reusable VR resources in healthcare education?

2. How can VR applications optimize learning across cognitive, affective, and psychomotor domains, thereby fostering creativity and
critical thinking skills?

3. Which strategies can facilitate the scalable and accessible integration of VR resources into existing healthcare curricula?

4. How can co-creation and user-centred design approaches enhance adoption, acceptance, and effectiveness of VR in healthcare
education?

After leveraging the collective expertise of professionals in healthcare and technology, this study seeks to establish consensus
guidelines that provide structured models, frameworks, and implementation strategies for VR. These guidelines are designed to be
academically supported and practically applicable; in doing so, it lays the foundation for a more coherent and impactful integration of
VR, driving forward research, practice, and policy to fully realize immersive technology’s potential in shaping the future of healthcare
education.

2. Method

A three-round modified Delphi technique was employed to achieve expert consensus on the integration of Virtual Reality (VR)
resources into healthcare curricula. This was chosen for its adaptability to rapidly evolving technologies and practices. The Delphi
method permits a panel of experts to form consensus by adaptive facilitation of decision-making and prioritisation, ultimately
achieving the desired guidelines (Diamond et al., 2014). This approach diverges from traditional Delphi methods by strategically
recruiting identified experts rather than anonymous participants, while keeping the anonymity between participants, ensuring highly
relevant and informed feedback. A key criticism of the Delphi method is that it may artificially force consensus among participants
(Keeney et al., 2001; Walker & Selfe, 1996). This limitation arises because panellists have limited opportunities to fully explain and
justify their perspectives. To address this concern, the study employed open-ended questions rather than predetermined response
options, helping to minimize both publication bias and individual researcher bias (Sinha et al., 2011) in the first round, followed by
commenting opportunities in the two next rounds. Our modified Delphi techniques, including data processing, were modeled from
those recommended by Witkin and Altschuld (Witkin & Altschuld, 1995). This strategy helped address known gaps in applying
theoretical models, frameworks, and pedagogical strategies to VR resource development, as the literature often provides limited or
non-specific guidance (Jensen & Konradsen, 2018; Mergen et al., 2024; Radianti et al., 2020).
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2.1. Participants

To enhance the results of the Delphi study a diverse group of healthcare and technology professionals were included in the study
(Mosadeghrad, 2013). Inclusion criteria for the study were sociometric (i.e., social status/role level), extended domain experience (i.e.,
years of experience), and education/career metrics (i.e., research outputs, academic qualifications) (Ericsson, 2000, 2006; Ericsson &
Lehmann, 1996; Ericsson & Ward, 2007). Participatns identified trough bibliometric analysis of Web of Science and invited through
personlised emails. Professionals with fewer than 6 years of experience and/or were in early-career roles were excluded from the study,
ensuring that participants had substantial practical and theoretical knowledge. This approach aimed to incorporate a rich variety of
perspectives, reflecting multiple healthcare roles, and thus strengthening the applicability of the final recommendations

2.2. Materials

The study utilized JISC online surveys for data collection, ensuring a standardized approach for participant responses. The ma-
terials for the survey included open-ended questions designed to cover a broad range of topics. The survey was structured to facilitate
both qualitative and quantitative data collection, involving a Likert scale for ranking consensus in later rounds. NVivo was used to code
the themes of the data.

2.3. Procedure

The Delphi study was conducted online over a two-month period and comprised of three rounds. Each round had a duration of 2
weeks for completion, followed by a short time for data analysis before the process was repeated.

Round 1 initiated the process intending to gather a broad range of insights from the expert panel. In this Round, participants
responded to three open-ended questions. The questions initially designed by one researcher tailored to the identified literature gap
and the study’s research questions, followed an iterative refinement with 2 additional researchers, being experts on the topic and the
methodology. These questions aimed to cover a wide spectrum of topics, including sociodemographic factors like roles, job titles, and
years of experience, but also topics related practical and experience-driven information (see Table 1). Thematic analysis on the
participants responses in round one was conducted (Brady, 2015; Phillips et al., 2014). NVivo software was used to ensure systematic
coding. This analysis generated 63 key items, which we iteratively grouped into 9 categories for round 2. These categories—supported
by the literature (Jensen & Konradsen, 2018; Mergen et al., 2024; Radianti et al., 2020).

In Round 2, the sixty-two statements, distilled from the Round 1 themes, were presented as Likert-scale items for rating,
accompanied by open-ended comment sections. This structured approach enabled quantitative assessment of consensus. Participants
were asked to consider the relevance and clarity of each statement. The rationale behind each item and its alignment with theoretical
models or practical frameworks was informed by the initial thematic analysis. This round’s focus was to determine which statements
achieved strong consensus and which required refinement.

Round 3 focused on finalizing the recommendations based on the expert consensus. Based on the results of Round 2, a revised set of
recommendations was presented for final validation. Participants voted on whether to include each recommendation, include it after
minor modifications, or exclude it. This voting ensured that only those recommendations reflecting broad expert consensus and
theoretical soundness were retained. The comments provided throughout Rounds 2 and 3 clarified how certain recommendations
emerged directly from initial participant insights, linking them to recognized theories and models. Alongside providing feedback on
the grammar, syntax, and context of the recommendations, they were asked to vote on each recommendation, with options including
’include’, ’include after modification’, or *do not include’.

2.4. Data analysis

Qualitative Analysis: The open-ended responses from Round 1 underwent thematic analysis, a process where we identified,
analysed, and reported patterns within the data. This method was chosen to explore the nuances and complexities in the experts’
feedback, focusing on interpreting the underlying ideas and viewpoints rather than merely aggregating data. The aim was to uncover
and articulate the foundational themes from these insights, thereby renovating them into meaningful statements that reflect the ex-
perts’ perspectives on the use of these technologies in healthcare education.

Quantitative Analysis: A quantitative format was created in Round 2 with the use of Likert scale responses. The rating scale

Table 1
Round 1 exploratory questions and aspects addressed.
Aspect Addressed Questions
Sociodemographic Role, Job Title, Years of experience
Practical and experience-driven List of pedagogical recommendations for the use of VR in educational practice for the successful formation and
information implementation
Contextual evidence Scenarios of how VR resources can be used in Health Sciences/ Medical Education
Research/information Educational theories or frameworks to be applied in aiding the creation and use of VR, in Health Sciences / Medical
education
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ranged from 1 (strongly agree) to 5 (strongly disagree), with an additional option for *unsure’, to capture a complete range of opinions.
To determine consensus among the experts regarding each item, we combined two primary metrics for each statement: (i)Strength
Score: This was a weighted measure, the calculation follows a formula where each likert response category is multiplied by its cor-
responding frequency, and these products are then added together. A lower strength score indicated stronger agreement among
participants, signifying that the item was viewed favourably or deemed important by the majority. (ii)Participant Endorsement: This
metric represented the percentage of participants who agreed (rated 1 or 2) with each statement. It provided a straightforward cri-
terion of how many experts felt positively about each item. This method aligns with the statistical approaches seen in Delphi studies,
such as those documented in BMC Medical Research Methodology, which include median, range, mean, standard deviation, and
weighted Kappa values to assess agreement and consensus (Holey et al., 2007).

High consensus was indicated by a strength score of 70 or lower and a participant endorsement of 60 % or higher. Medium
consensus was marked by a strength score of 78 or lower, participant endorsement of 50 % or higher, and at least 25 % of participants
strongly agreeing with the item. In cases where the strength score was higher than 78 or the participant endorsement was lower than
50 %, the item was considered to have no consensus.

Round 3 involved revisiting the refined statements, where participants voted on the inclusion of each recommendation. Consensus
was set a priori at 75 % agreement with the following options (include’, *include after modification’, ’do not include’), consistent with
previous Delphi studies reported in the literature (Keeney et al., 2006).

2.5. Ethics

Participation in the study was voluntary. Participants were assured of anonymity and given the choice to be recognized as col-
laborators towards the final outputs, with their names and roles included in certain documents. The study was granted approval from
the Faculty of Medicine and Health Sciences Research Ethics Committee (Ref: FMHS 186-0221) of the University of Nottingham.

3. Results
3.1. Participants

In the initial Round, 75 participants, encompassed professionals from healthcare, research, and academia. Roles included
healthcare professionals (n = 23, 30 %), lecturers/professors (n = 30, 40 %), researchers (n = 15, 20 %), with n = 7, 10 % being
learning technologists/software developers. The years of experience in their current professions had an average of approximately 12
years, with maximum at 37 years- highlighting a mix of both founded and seasoned experts in their respective fields.

The second Round reduced participants to 31, from the initial pool of invited experts, a 44 % response rate, which aligns with
typical response rates in similar Delphi studies. Demographics in terms of age and gender, were not specified. This Round continued to
feature experts from fields such as medical simulation, clinical teachings and practice, software development, and pedagogy.

In the final third Round, the number of participants was 27. The mean years of experience among these participants was 12.1 (SD =
7.5). Among them, 15 experts had a decade or more of experience. This Round’s professional makeup included highly experienced
individuals, e.g., Professors of medical simulation; a lead body in national programs for innovative simulation educators; and a
software research developer specializing in healthcare material development for pedagogy, including VR.

3.2. Round 1

In Round one, participants generated 225 responses to three open-ended questions. These inquiries related to gathering peda-
gogical recommendations in education, detailing use cases in health sciences and medical education, and eliciting educational theories
to enhance e-learning resource development in these areas. The thematic analysis of the data collected revealed several distinct
categories:

1. Technology Use and Limitations: This area addresses the essential aspects of immersive technology in healthcare education,
focusing on the balance between cutting-edge technological advances and their practical limitations. It highlights the critical need
for uniformity in development approaches and the challenge of ensuring high-quality, realistic experiences. This theme also tackles
the obstacles associated with resource allocation, affordability, and diversity in development practices across different institutions.

2. Safety and Compatibility: This theme underscores the importance of safeguarding the well-being of users in virtual settings. It
involves continuous monitoring and assessment of both mental and physical health risks associated with VR usage. It contemplates
the development of environments within VR that are secure and psychologically beneficial, potentially offering more efficient and
less expensive alternatives to conventional training methods.

3. Organizational Strategies: Here, the focus is on the strategic planning and implementation of VR in educational settings. It en-
compasses the need for clear leadership, effective project management, and comprehensive staff training. This theme also deals
with the adaptability of organizations to new technologies, emphasizing the need for an evolving approach to technological
integration in educational environments.

4. Educational Theories and Frameworks: This theme explores the array of pedagogical theories, models, and frameworks that
support the use of VR in healthcare education. It encompasses discussions on how these conceptual underpinnings can inform the
design and application of VR content, aiming to enhance the acquisition of practical skills and theoretical knowledge. This theme
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emphasizes the significance of using these theories and frameworks as a foundation for developing and evaluating effective VR-
based learning experiences.

5. Teaching Methods: This area explores the diverse instructional approaches utilized in VR-based education. It highlights the need
for immersive, interactive learning experiences that can supplement or enhance traditional educational methods. The focus is on
the variety of pedagogical strategies that can be employed to maximize the educational benefits of such technology.

6. Instructional Design: This theme is concerned with the design principles and methodologies behind creating e-learning content
for education. It emphasizes the importance of creating content that is centred around the learner’s needs, advocating for designs
that are engaging, adaptable, and conducive to skill development. The theme also underscores the integration of educational and
cognitive theories to ensure that VR content meets academic standards.

7. Interactive Methodologies: This theme has foundations in the interactive nature of VR and its capacity to provide engaging,
hands-on learning experiences. It stresses the importance of active participation and reflection in the learning process, utilizing VR
to create scenarios that closely mimic real-life situations. This approach aims to enhance learning through experiential and
discovery-based methods.

8. Specific Scenarios: This area covers the application of immersive technology in specific healthcare training scenarios. It discusses
how VR can be tailored to various specialized fields within healthcare, providing students and professionals with contextual and
practical experiences. The theme underscores VR’s versatility in offering training specific to certain healthcare disciplines and
procedures.

9. Fields of Application: This theme looks at the broader range of applicability in healthcare education. It highlights how tools can be
integrated into various facets of healthcare training, from patient care to team collaboration. The focus is on the expansive potential
of VR to transform different aspects of healthcare education, aligning with contemporary teaching models and pedagogical needs.

This analysis suggested a multi-faceted approach from the participants, and approximately 6-8 statements per theme were emerged
to further probe consensus from this broad collective in round 2, organised under 4 broader categories: Guidelines for development,
Theories and Models, Pedagogical Strategies, Area of Usage.

Table 2
Round 2 recommended statements, in which high, or medium consensus reached.
Categories Statement % Pct. % Pct. Strong  Strength Consensus ~ Mean  Mode
Endorsed Agree Score

Theories and Models ~ Cognitive load theory 70.37 % 48.15 % 57 High 2.11 1
Cognitive affective model of immersive learning 70.37 % 44.44 % 58 High 2.15 1
Cognitive learning theory 66.67 % 40.74 % 57 High 2.11 1
Discovery-Based Learning / Enquiry-Based Learning 66.67 % 36.67 % 66 High 2.20 1
procedural step-by-step acquisition 63.33 % 23.33 % 70 High 2.33 2
Sociocultural learning 52.17 % 26.09 % 59 Medium 2.57 2
Co-design/co-creation 53.33 % 26.67 % 78 Medium 2.60 2

Guidelines for Evaluating learning activities with learners and other ~ 66.67 % 40.00 % 64 High 2.13 1

Development stakeholders

Increasing understanding through making mistakes 73.33 % 36.67 % 64 High 2.13 2
Recorded metrics to save and analysis for user 63.33 % 36.67 % 68 High 2.27 1
performance
Real-Time/Live Feedback 63.33 % 40.00 % 68 High 2.27 1
Integration to existing systems 73.33 % 30.00 % 67 High 2.23 2
Accommodate ease of use and access 70.00 % 40.00 % 67 High 2.23 1
Make equipment available 24/7 60.00 % 33.33 % 71 Medium 2.37 1
Implement demonstrations from educators to 53.33 % 26.67 % 71 Medium 2.37 3
students

Pedagogical Use for training of cognitive knowledge and 70.00 % 33.33% 63 High 2.10 2

Strategies kinaesthetic skills

Training of team cooperative procedures including 66.67 % 33.33% 65 High 2.17 1
multi-personnel management of patients
Providing clarity about learning objectives before VR 66.67 % 26.67 % 68 High 2.27 2
usage
Training of medical procedures for remote learners, 60.00 % 30.00 % 70 High 2.33 2
joined by a VR group
Encourage reflection of scenarios after usage 66.67 % 33.33% 72 Medium 2.40 1
Perform Pre-briefing and de-briefing of VR scenarios 60.00 % 33.33% 73 Medium 2.43 1

Areas of usage Decision-making in high-risk scenarios 73.33 % 46.67 % 65 High 2.17 1
3D Anatomy- Complex Structures 70.00 % 36.67 % 68 High 2.27 1
Procedural Learning in Site Planning of Difficult 63.33 % 36.67 % 69 High 2.30 1
Procedures
360-degree VR videos of a specific method/ 66.67 % 36.67 % 66 High 2.20 1
procedure/technique
Operating Theatre orientation/ Surgical Workflow 63.33 % 33.33% 71 Medium 2.37 1
Clinical Safety Procedures 63.33 % 30.00 % 72 Medium 2.40 2
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3.3. Round 2

The findings highlighted 19 out of 62 statements which garnered high consensus, reflecting strong agreement, eight with medium
consensus, while 34 statements rated as low consesus, indicating diverse viewpoints and areas needing further exploration (see
Supplement File).

In response to theory/model category, five statements reached high, and two medium consensus. Overall, participants’ open-ended
responses suggested that recommendations should include more details on the application of relevant theories, models, or approaches
(Table 2). Within Guidelines for Development category 6 statements reached high consensus and 2 medium consensus, with 3 high
consensus statements receiving comment for further exploration (Table 2). The categoy of the Pedagogical Strategies towards
immersive reality education in healthcare had 4 statements with high consensus and 2 with medium consensus, with one of the
statements around reflection on scenarios after usage of VR to further need clarification based on participants open-ended suggestions
(Table 2). The category of Areas of Usage of the VR through practical application had 4 high consensus statements and 2 medium ones.
The statement on decision making in high-risk scenarios was suggested to be turned into a more generic recommendation by par-
ticipants through the open-ended responses (Table 2).

3.4. Round 3

The final recommendations were identified and included in the guidelines report. Table 3 presents and summarises the recom-
mendations. The resulting Round 3 statements represent a synergy of expert knowledge and theoretical principles, providing robust,
practical guidelines for the application and development of VRresources in healthcare curricula.

4. Discussion
4.1. Contextualizing vr recommendations within learning theories

As an output of the Delphi study, we gather expert opinions and recommendations for the development of immersive e-resources.
The study resulted in a consensus among experts, which identified several practical recommendations (Fig. 1). A significant body of
literature describes the generic necessities for re-usability of healthcare education resources, the development of immersive resources
and evaluation of their effectiveness in practice. However, before this work, no systematic effort has been put, so far, against the
challenge of providing concrete recommendations for the characteristics and the theoretical underpinnings, the development, the

Table 3
Round 3 recommendation statements in which consensus reached.
Recommendation Include Do not include
(%) (%)
Cognitive Load Theory should be used as one primary theory within the final set of recommendation guidelines for use of 100.00 0.00
virtual reality (VR) reusable e-resources in healthcare curricula, in terms of pedagogical aspects.
The volume of information experienced by Learners should be measured, during design of a Learning Resource. The weightand ~ 96.15 3.85
impact of each element should be considered for the intrinsic and extrinsic load of the Learners.
Recognised measures of Cognitive Load should be used during testing with samples of Learners, to identify areas of cognitive ~ 96.00 4.00
overload and/or inefficient data presentation.
Co-creation of Immersive Reality resources should be used as one primary method within the final set of recommendation 92.59 7.41
guidelines for use of virtual reality (VR) reusable e-resources in healthcare curricula, in terms of pedagogical aspects.
Expert knowledge should be included as feedback. When expert knowledge is provided to a Learner, this provides effective 91.67 8.33
scaffolding of the learner’s cognitive schema towards more complex comprehension of the system.
Real time feedback during a learning scenario should be used to provide the learner with immediate association between their =~ 90.91 9.09

input to the system and the consequence of the input to the system. If not present, their understanding of their effect may
not be as complete due to convolution with further events.

Accurate decision-making requires high-levels of understanding. Where possible, explanations of events/actions/behaviours 88.00 12.00
and any consequences should be included- to improve the Learners ability to accurately decide on healthcare delivery
actions.

Self-regulation should be encouraged through natural reflective opportunities in an immersive environment. It should aimto ~ 86.36 13.64
scaffold a learner’s ability to receive positive feedback, attempt continuation of tasks, and regulate feelings and actions.

Cognitive Affective Model of Immersive Learning should be used as one primary theory within the final set of recommendation ~ 85.19 14.81
guidelines for use of virtual reality (VR) reusable e-resources in healthcare curricula, in terms of pedagogical aspects.

A design structure is important for an efficacious outcome- such as Analysis, Design, Development, Implementation, and 84.00 16.00
Evaluation. This can guide and optimize co-creation of Learning Resources.

Negative effects from high cognitive demand on Learners’ understandings of information, or their learning experience, should ~ 83.33 16.67
be rectified before continuation.

The agency of Learners (Learners having control over their actions) should be measured during development. They should have  78.26 21.74
the ability to exert control and freedom over parameters that have been identified in the virtual environment.

A learning resource should allow Learners to challenge their comprehension of the system, and support failure. 76.19 23.81

Newly created learning resources should be integrated into existing systems where possible, to ease the transition to new 76.00 24.00

resources for the learners.

* Include or include with modifications.
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Km Guide and optimize co-creation of Learning Resources through a desig}

KRG Utilise recognised measures of Cognitive Load during testing with samples h
Learners, to identify areas of cognitive overload and/or inefficient data

R7

R8

R9

presentation.

Consider expert knowledge to be included as feedback. When expert
knowledge is provided to a Learner, this provides effective scaffolding of the
learner’s cognitive schema towards more complex comprehension of the
system.

Utilise real time feedback during a learning scenario to provide the learner
with immediate association between their input to the system and the
consequence of the input to the system. If not present, their understanding of
their effect may not be as complete due to convolution with further events.
Encourage Self-regulation through natural reflective opportunities in an
immersive environment, aiming to scaffold a learner’s ability to receive
positive feedback, attempt continuation of tasks, and regulate feeling.

structure to result at an efficacious outcome - such as Analysis, Design,
Development, Implementation, and Evaluation (ADDIE).

R17 Measure and consider the volume of information experienced by
Learners during design of a Learning Resource. Consider the weight and
impact of each element for the intrinsic and extrinsic load of the
Learners.

R18 Consider including in the VR Resources explanations of
events/actions/behaviours and any consequences to improve the
Learners ability to accurately decide on healthcare delivery actions.
Accurate decision-making requires high levels of understanding.

R19 Consider measure The agency of Learners (Learners having control over
their actions) during development. It’s good to have the ability to exert

control and freedom over parameters that have been identified in the
virtual environment.

R20 Store recorded metrics within immersive environments and analyse for
user performance.

R21 Consider the use of 360-degree VR videos of a specific
method/procedure/technique.

R10 Negative effects from high cognitive demand on Learners' understandings of
information, or their learning experience, should be rectified before
continuation.

R11Enable learning resources which allow Learners to challenge their
comprehension of the system, and support failure.

R12 Implement demonstrations of VR from educators to students.

R13 Provide clarity about learning objectives before VR usage.

R14 Encourage reflection of scenarios after usage.

R15 Perform pre-briefing and de-briefing of VR j
scenarios to ensure effective learning. / \
Recommendations
— - for Use of Virtual
ﬂ!l Employ the Cognitive Load Theory for virtual Reality Resources in R22Use VR for training of cognitive\

reality (VR) reusable e-resources in healthcare
curricula.

R2 Employ the Cognitive Affective Model of
Immersive Learning for virtual reality (VR)
reusable e-resources in healthcare curricula.

R3 Employ the Cognitive Learning theory for
virtual reality (VR) reusable e-resources in
healthcare curricula.

R4 Utilise a step-by-step acquisition approach
(Peyton’s 4-step teaching approach) for
procedural skills.

R5 Employ the Sociocultural learning theory on of
virtual reality (VR) reusable e-resources in

k healthcare curricula.

knowledge, and kinaesthetic skills.
R23 Use VR for Training of team cooperative
procedures including multi-personnel
dlication management of patients.
R24 Use VR for Training of medical procedures
for remote learners, joined by a VR group.
R25 Utilise VR for 3D Anatomy- Complex
Structures.
R26 Utilise VR for Procedural Learning in Site
Planning of Difficult Procedures.
R27 Utilise VR for Operating Theatre
orientation/ Surgical Workflow.
R28 Utilise VR for Clinical Safety Procedures. j

Healthcare
Curricula

R29 Integrate, where possible, newly created
learning resources into existing systems, to ease
the transition to new resources for the learners.

R30 Make equipment available 24/7.

Fig. 1. Overview of Recommendations (R) for use of Virtual Reality resources in Healthcare Curricula.

practical applications and the implementation in practice of re-usable VR e-resources into Healthcare education.

4.2. Linking development strategies with pedagogical frameworks

Radianti et al. (2020) noted the scarcity of explicit learning theories in VR design, and our findings confirm that addressing
theoretical gaps is essential. The Cognitive Affective Model of Immersive Learning (CAMIL) (R2) focuses on the efficacy of immersive
VR usage in learning. Here, the instructional method becomes the focus when facilitated by the virtual medium. The CAMIL was
advanced from growing evidence of systematic differences between VR and other forms of media for educational delivery (Klingenberg
et al., 2020; Mayer, 2014; Meyer et al., 2019). This evidence highlights interaction effects between media and method of delivery
improved knowledge transfer, retention, and self-efficacy. The model has predictive power for how the relationships between six key
affective and cognitive factors can influence and relate to different learning outcomes. The six factors are formed from presence and
agency named: 1) interest, 2) intrinsic motivation, 3) self-efficacy, 4) embodiment, 5) cognitive load, and 6) self-regulation. These form
the desired types of knowledge necessary for skill progression. In the proposed recommendations emphasis is given in the Cognitive
Load Theory (R1) and the volume of information experienced by learners, which should be considered towards the intrinsic and
extrinsic load of the learners (R17). In contrast, measures of cognitive load should ensure that there is no cognitive overload, inefficient
data presentation (R6), or adverse effects (R10).

Furthermore, participants suggested a step-by-step approach for procedural skills (R4). Peyton’s Four-Step approach (Demon-
stration, Deconstruction, Comprehension, Performance) has been found to be an effective teaching approach for the acquisition of
procedural skills in health professions education (Giacomino et al., 2020). Recent studies also supported its effectiveness in utilising VR
(Yoganathan et al., 2018). Participants suggested implementing demonstrations of VR from educators to students (R12) (Demon-
stration step), while demonstration and description for each of the procedural tasks should be followed by the educator or the VR
resource having explanations of events/actions/behaviours. Consequences should also be shown to improve the Learners ability to
accurately decide on healthcare delivery actions fostering accurate decision-making (R18) (Deconstruction step). In the Compre-
hension step, the trainee articulates the procedural steps to the demonstrator, demonstrating understanding and readiness to handle
potential errors (R11). During the Performance step, the student performs the procedural tasks, while the educator or the VR resource
proceeds feedback (R8, R7) and possibly encourages reflection on the VR scenarios after usage (R14).

Cognitive Learning Theory (CLT) (R3) explains how internal and external factors influence mental processes to supplement
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learning. On the other hand, Social Cognitive Theory (SCT) and Cognitive Behavioural Theory (CBT) as part of cognitive learning have
been utilised in healthcare education with few examples identified utilising VR (Nijman et al., 2020). Interestingly, our participants
responded to the umbrella term of CLT, most probably emphasising the generic factors that influence learning rather than the specifics
of the theory itself. Our study findings resonate with Scavarelli et al. (2021), who highlighted the pivotal role of Social Cognitive
Theory (SCT) in enriching VR/AR educational practices. We underscore the value of SCT in framing VR/AR as tools that not only
replicate traditional learning environments in a digital context but also define social relationships among learners, educators, and the
technology itself. This approach set the bases of how virtual and real-world spaces intersect, enhancing both individual and collab-
orative learning experiences towards the suggested working framework of how to facilitate VR-based collaborative learning (Spike &
Xie, 2025). By integrating SCT principles, our recommendations advocate for VR/AR resources that support self-guided learning (R9)
while also facilitating meaningful social connections (R23, R24), thereby reinforcing the interconnectedness of technology, pedagogy,
and social engagement in the digital age of education (Mallek et al., 2024).

While Vygotsky’s Sociocultural Theory of Cognitive Development is among the well-applied theories in healthcare and medical
education (Badyal & Singh, 2017; Torre et al., 2006), applying this method in VR, implies social interactions in students’ experiences.
These social interactions involve both verbal (R23) and kinaesthetic activities (R24), focusing on observation and imitation. Currently,
few examples are addressing this theory within the VR environment or as part of the learning process (Loke, 2015), but its importance
and usefulness have been suggested (Liaw et al., 2018). In the Sociocultural Theory the learner is involved in community practice,
learning through the relationship between people and environment (Badyal & Singh, 2017). Co-creation (R16) allows for learning
through this relationship, and enable learners to be part of the process and own their learning experiences, following Community of
Practice theory (Wenger et al., 2002).

4.3. Development of immersive resources and educational application

Jensen and Konradsen (2018) noted that VR instructors may have limited options regarding the instructional material available to
them, which may not always align with their specific needs or the desired learning outcomes. Recommendation 16 suggested that the
co-creation of VR resources should be guided and optimised for an efficacious outcome through a design structure is essential such as
Analysis, Design, Development, Implementation, and Evaluation, which are the stages suggested by the ADDIE model (Branch, 2010).
The vital role of stakeholders and their central place in the development is reflected in the Community of Practice theory (Wenger et al.,
2002), further enhanced by R19 in which the Agency of Learners during development should be considered and enhanced as it gives
them the freedom to both drive creative change and develop their skills (Petersen et al., 2022; Piccione et al., 2019) and tailors the
resource to learners needs (Wharrad et al., 2021).

Practical R18 recommends incorporating detailed descriptions of events, actions, behaviors, and outcomes to enhance learners’
comprehension and decision-making in healthcare delivery. This approach serves as a foundation for applying various decision-
making theories in clinical settings, including descriptive, normative and prescriptive theories (Watkins, 2020). Additionally, R20
emphasizes the importance of designing metrics to record user performance early in the development phase. This strategy enables the
collection of valuable learning analytics within the VR environment, guiding learners to pinpoint and improve upon their areas of

Co-Creation

Analytical
descripti-
ons within
the IVR

Cognitive
Load

Development
of Immersive
Resources

Immersive
Learning
Analytics

Tailored to
learning

Pedagogy
First

Agency of
Learners

Fig. 2. Recommendation constructs for development of immersive resources.
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weakness (Konstantinidis et al., 2020).

Recommendation 17 suggests that the creators should measure and consider the volume of information experienced by learners
during design of a learning resource and their impact on the learners’ intrinsic and extrinsic load. According to Cognitive Load Theory
(R1) (Andersen et al., 2016; Frederiksen et al., 2020; Sweller, 1988), the main premise is that working memory and information
processing is limited. Learning and skills acquisition can be hindered if a user’s total cognitive load is not enough for the demands of
the learning system. The limits in working memory and processing of information are exceeded when the learner fails to integrate
multiple complex sources of information (Kirschner et al., 2018). Users’ cognitive load needed consideration in the learning envi-
ronment to gain a positive experience and increase the likelihood of practice success (Wen et al., 2024).

Immersive resources that can be repurposed have emerged and proliferated for over a decade. In that landscape of multiple
emerging VR resource instantiation pools, there is a need for a theoretical base to support their pedagogical value (Antoniou et al.,
2023; Pears et al., 2022). The need to tailor immersive resources to real educational needs having the pedagogy first is considered in
R21, which iterates the use of 360-degree video in specific cases, where needed, to reach an impactful educational outcome, an area
where existing resources are lacking (Alammary et al., 2023). This can be also elicited from the recommended educational applications
(R22-R28), which reflect a variety of topics and skills pushing towards the more challenging for an immersive resource’s educational
experiences, such as team cooperative procedures (R23, R24). Fig. 2 summarises the recommendation constructs for Development of
Immersive Resources.

4.4. Practical recommendations and organisational strategies

As elaborated by Sousa (2016), the three domains of learning encompass cognitive, affective, and psychomotor learning experi-
ences, emphasizing the importance of integrating theoretical and practical elements in healthcare professional education. These are
still in consensus with modern digital immersive technologies (Barretta et al., 2023; Dengel, 2022; Sousa, 2016). Recent systematic
reviews (Foronda et al., 2017; Hamilton et al., 2021; Shorey & Ng, 2021; Yilmaz et al., 2020) have found that virtual reality (VR)
applications in education address these domains, with most existing educational interventions targeting the lower levels of the
cognitive, affective, and psychomotor domains. This study’s practical recommendations aim to enhance learning across all three
domains, presenting a mapping of these recommendations with the Learning Domains and the Cognitive, Affective, and Metacognitive
Influences on Learning (CAMIL) model in Fig. 3. The model acknowledges a known overlap between the cognitive and affective
domains, particularly at the lower levels of achievement (Lynch et al., 2009).

The cognitive domain focuses on intellectual development, mental skills, and knowledge acquisition. Anderson and Krathwohl
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Fig. 3. Recommendations of educational practice and applications mapping in the three learning domains and the CAMIL model.
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(2001) revised Bloom’s taxonomy, proposing a two-dimensional framework that distinguishes types of knowledge (Factual, Con-
ceptual, Procedural, Metacognitive) from cognitive processes (Remember, Understand, Apply, Analyse, Evaluate, Create) (Krathwohl,
2002). Recent research has shown that cognitive skills assessed are primarily related to the lower levels of Bloom’s Taxonomy (Jensen
etal., 2019), and limited evidence-based literature precludes definitive conclusions (Jallad & Isik, 2022; Kim & Kim, 2023). Although
directly linking Cognitive Load Theory (CLT) with Anderson’s revised taxonomy is challenging, there is a consensus that CLT should be
considered for each cognitive process. The CAMIL model suggests that six cognitive and affective factors, including interest, intrinsic
motivation, self-efficacy, embodiment, cognitive load (R1, R6, R9, R10, R17), and self-regulation (R9), contribute to factual, con-
ceptual, and procedural knowledge, as well as knowledge transfer, partially aligning with Anderson’s Taxonomy (Anderson &
Krathwohl, 2001).

Additionally, the recommendations promote reflective practices after using VR resources (R14), encouraging learners to draw
connections between ideas (Analyse) and recommend pre- and debriefing sessions (R15), guiding learners to support or critique de-
cisions (Evaluate) and support failure (R11). Team cooperation, including multi-personnel patient management (R23), may enable
learners to debate opinions and develop arguments and patient pathways for complex scenarios (Create).

The affective domain encompasses feelings, emotions, and attitudes (Krathwohl, 2002; Savickiene, 2010). Despite limmited VR
interventions in the literature specifically targeting this domain for learning enhancement (Jensen & Konradsen, 2018; Shorey & Ng,
2021), non-educational research has demonstrated that VR can facilitate affective and behavioural change (Hamilton et al., 2021).

Recommendation R17 aims to foster the initial affective domain (Krathwohl, 2002) by promoting awareness of the environment
during VR learning, thus targeting individuals’ attitudes. Recommendations 9 and 14 encourage self-regulation through reflective
learning, enabling students to receive and understand (R8) the feelings and emotions presented in the VR resource and to value and
justify them during the reflection process, ultimately organizing them for effective self-regulation. This approach is partially supported
by Recommendation R10, which advises that any adverse effects experienced by learners during VR educational practice should be
addressed and resolved before continuing. This implies that learners should be able to "review, conclude, and resolve" their experi-
ences, reaching the characterizing level of the affective domain. The identified recommendations highlight the need for VR educational
applications to target the higher levels of the affective domain, aiming to fill the gap in the literature.

The psychomotor domain focused on motor skills and coordination (Harrow, 1972) to enhance hands-on skills of learners.
Although few VR interventions target this domain directly, some studies show positive outcomes (Hamilton et al., 2021; Jallad & Isik,
2022; Shorey & Ng, 2021). This includes improvements in decision-making and the transfer of safer practices, which facilitate
experiential learning.

Recommendation R22 suggests using VR resources to enhance cognitive as well as kinaesthetic skills, targeting the Perceptual level
of Harrow’s Taxonomy of Psychomotor Domain (Harrow, 1972). Meanwhile, R24 supports practicing complex procedures requiring
precise movements (Physical Activities level). This aids in performing complex tasks (Skilled Movements level) within a VR group
setting. This approach may encourage team communication and complement non-verbal cues (Non-discursive Communication level).
Consequently, the identified recommendations aim to target the higher levels of the psychomotor domain.

To utilise the VR across cognitive, affective, and psychomotor domains, resource availability of equipment should be considered
(R30). Studies that acceptance depends on consistent access and minimal technical issues (Baniasadi et al., 2020; Pears et al., 2023;
Schiza et al., 2023). Integrating resources into existing systems (R29) also helps ensure a unified transition, aligning VR design with
human perceptual processes (Neves & Yablonski, 2022). Strategic implementation plans should be carefully considered to ensure an
effective learning experience (Lewis et al., 2024).

Within the recommendations the acquisition of knowledge spans from procedural knowledge and declarative knowledge to con-
ditional knowledge. Immersive Virtual Reality has a tendency to be more advantageous in terms of knowledge acquisition, when it
compared with other type of media (Conrad et al., 2024). Its superiority noted mostly to declarative knowledge, while comparisons
with hands-on practice shows moderate results (Conrad et al., 2024). Emphasis should be put though to higher level of engagement
which leads to a higher level of cognitive processing and therefore leads to a higher learning outcome (Conrad et al., 2024) in
accordance with ICAP Framework (Chi & Wylie, 2014) and the CAMIL model (Makransky & Petersen, 2021).

4.5. Limitations

This work, aimed to find consensus on how to utilize reusable VR resources in educational practice. Sound recommendations that fit
well within the wider literature have been proposed. However, several reliable and feasible recommendations did not make the final
selection despite their potential value. These excluded suggestions, if applied with careful consideration to context, may also enhance
learning within the cognitive, affective, and psychomotor domains. Further analysis to each of the recommendations’ areas may also
reveal additional or more detailed guidance such as the frustration or anxiety in using VR. The validity of the panellist response, the
feedback mechanism, and its influence on consensus and convergence of opinion (Goodman, 1987) might have led to the exclusion or
omission of some recommendations, despite the wide application of feedback mechanisms and analysis.

5. Conclusions

The findings of the modified Delphi study affirm the significant potential of VR targeting the higher levels of the cognitive, af-
fective, and psychomotor domains, thereby enhancing the learning experience for healthcare students. While there is currently no
universally endorsed framework or educational model for incorporating VR into the curriculum (Marougkas et al., 2023; Radianti

et al., 2020), consensus among experts suggests that varied theoretical approaches should be employed to achieve distinct learning
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outcomes tailored to different contexts. Furthermore, VR resources should be tailored to meet the specific needs of learners, following a
co-creation approach, considering the agency of learners and the pedagogical focus of the resources, while maintaining a balance on
the cognitive load and facilitating analytical description and the inclusion of immersive learning analytics. These resources should also
be integrated into existing learning systems to make them easily accessible to learners. The present work fosters the streamlining of VR
resource implementation and transferability across curricula and their subsequent integration in the mainstream of healthcare edu-
cation. These recommendations provide a unique framework for educators and policy makers for direction, benchmarking, scale-up
and critical adoption of best practices of VR application in healthcare education.
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