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Abstract

Background: Healthcare simulation is evolving rapidly, yet its role in surgical education
remains uneven. During the 9th NASCE (Network of Accredited Clinical Skills Centers of
Europe) conference at Orsi Academy (Ghent, Belgium), SESAM (Society in Europe for
Simulation Applied to Medicine), DSSH (Dutch Society for Simulation in Healthcare), and
NASCE convened a multidisciplinary roundtable, “Healthcare Simulation 2050: Building a
Better Future Together”, to explore future directions, challenges, and opportunities in
surgical simulation.

Methods: Conference faculty submitted reflections in advance to inform the discussion.
The session was audio-recorded (with consent), transcribed verbatim, and analyzed by two
reviewers using rapid qualitative thematic analysis with inductive coding. Themes were
derived from both pre-meeting inputs and live discussions, aiming to synthesize
perspectives rather than reach formal consensus.

Results: Twenty-four multidisciplinary participants contributed, including surgeons,
trainees, engineers, and industry and society representatives. Many participants expressed
the view that simulation should precede clinical exposure, ideally through proficiency-
based progression, to enhance patient safety and standardize training. Participants
identified inequities in access, limited curricular integration, and insufficient validation
linking simulation to clinical outcomes. Artificial intelligence (Al)-driven coaching, adaptive
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learning, and global collaboration were viewed as promising but requiring stronger evidence. Human factors,
mentorship, empathy, and equity, were emphasized as essential for sustainable, patient-centered implementation.

Conclusions: The discussion highlights a shared vision for surgical simulation: balancing innovation with inclusivity,
and technology with human mentorship. While Al and personalized learning are expected to transform training
within the next decade, simulation must remain grounded in patient safety, validation, and equitable access. These
perspectives reflect emerging expert opinions from a structured multidisciplinary discussion, and do not constitute a
formally validated guideline or consensus statement.

INTRODUCTION

Healthcare simulation has evolved from a supplementary teaching tool into an essential pillar of surgical and
clinical education". The 9th NASCE (Network of Accredited Clinical Skills Centers of Europe) Congress was
organized by two accredited NASCE centers, Institute for Training and Clinical Innovative Technology
(ITCIT) and Orsi Academy. This scientific meeting, held at Orsi Academy, Belgium, in October 2025, offered
a timely and excellent opportunity to reflect on the future trajectory of simulation and its expanding role in
healthcare training under the overarching theme “Artificial intelligence (AI) and Training - Friend or
Foe?”"l.

In parallel, AT has increasingly been applied to surgical education, supporting adaptive feedback, objective
performance assessment, and personalized skill acquisition across simulation-based training platforms.
Recent systematic and scoping reviews have highlighted its growing role in enhancing training efficiency,
though questions around validation and clinical translation remain open*.

The round-table discussion, “Healthcare simulation 2050: building a better future together” brought together
leading voices from simulation societies, academia, clinical practice, industry, and trainee communities. The
session aimed to explore how technological innovation, particularly the rise of Al, will redefine simulation-
based education, professional development, and patient safety over the coming decades.

The purpose of this report is not to present a unanimous position, but to synthesize the key themes,
aspirations, and challenges that emerged from the round-table discussion; therefore, this manuscript should
not be interpreted as a formally validated consensus statement, but rather as a report of emerging expert
perspectives derived from a single, structured round-table discussion. Specifically, the report captures
multidisciplinary perspectives on the future of surgical and healthcare simulation, examining the enablers
and barriers to its effective integration within medical education. It further explores how AI, digital
technologies, and global collaboration may reshape the simulation landscape by 2050, while underscoring
emerging priorities related to validation, equity, ethics, and human factors in the age of intelligent training
systems.
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METHODS

Design and participants

A multidisciplinary 90-min round-table took place in person on 8 October 2025 during the 9th NASCE
Congress at Orsi Academy. Participants represented a broad international spectrum of the simulation
ecosystem, including senior surgeons with different backgrounds, surgical trainees, medical students,
biomedical engineers, industry developers, simulation center directors, and leaders of European and national
simulation societies. Participants were selected by invitation, with the aim of ensuring a representative
sample of all key stakeholders involved in surgical training and simulation.

Pre-meeting input

In preparation for the event, invited congress faculty were asked to share their perspectives on the question:
“How do you envision the future of healthcare simulation by 2050?” Their reflections were consolidated into
a PowerPoint presentation and showcased as discussion prompts during the session, setting the stage for a
rich and engaging dialogue. Contributors were selected to ensure broad representation across the simulation
community. Invitations were extended to the presidents of related professional societies as well as
representatives from surgical trainee organizations and key industry partners advancing simulation
technologies and practices.

Data collection and analysis

The round-table was audio-recorded and transcribed verbatim using Microsoft Teams (Microsoft
Corporation, Redmond, WA, USA). Rapid qualitative analysis was performed using inductive coding to
identify recurring ideas and tensions. Two reviewers independently coded the material and integrated it with
the pre-meeting statements. Discrepancies between reviewers were resolved through discussion and the final
coding was reviewed and validated by all authors, all of whom were present at the meeting. The synthesis
highlights the most representative and divergent opinions, maintaining the spirit of an open, forward-
looking dialogue rather than enforcing consensus.

Derivation of statements

The action items and recommendations presented were initially outlined during the closing phase of the
round-table session, where key emerging themes were collectively summarized. Following the meeting, a
structured draft of the recommendations was developed by the two lead authors and subsequently reviewed
and approved by all co-authors, all of whom had participated in the round-table discussion. It should be
noted that the recommendations were not formally validated by all round-table participants, and should
therefore be interpreted as author-synthesized reflections of the discussion rather than formally endorsed
conclusions.

Ethical considerations

This scholarly activity constitutes expert consultation and did not involve patient data. Participants provided
verbal consent to the use of anonymized excerpts and that, on a voluntary basis, some shared their contact
details to review and approve the summarized document after drafting.

RESULTS

A total of 24 participants contributed to the session, representing a diverse cross-section of the simulation
community. A detailed summary of the multidisciplinary group composition is provided in Table 1.
Thematic analysis of the transcript identified several overarching themes that captured both areas of
consensus and divergence across professional backgrounds.
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Table 1. Composition of the multidisciplinary group participated in the round-table discussion

Participant category Description/Representation Number (n)

Professional societies representatives NASCE, SESAM, DSSH, RBSS, RCSI 4

Orsi Academy, Belgium
ITCIT, Ghent University Hospital, Belgium
CASE, Acibadem University, Turkey

Simulation centers representatives Lorraine Virtual Hospital Nancy, France 7
CAMST, Karolinska University Hospital, Sweden
The Griffin Institute Robotic Surgery Training Center, UK Cadaveric Microanatomy
Laboratory - ASU, Jordan

Surgeons representatives Gastrointestinal, Hepato-Pancreato-Biliary, colorectal, cardiovascular, pediatric 5
Surgical tra|‘nees and medical student BAST, Junior Orsi 3
representatives

Industry representative VR/AR platform developers; robotics companies; simulation technology firms 5

Category totals reflect the number of individual participants (n = 24). Some participants represented more than one organization, and some
organizations were represented by more than one participant; the number of organizations listed therefore does not necessarily equal the number of
participants in each category. NASCE: Network of Accredited Clinical Skills Centers of Europe; SESAM: Society in Europe for Simulation Applied to
Medicine; DSSH: Dutch Society for Simulation in Healthcare; RBSS: Royal Belgian Society for Surgery; RCSI: Royal College of Surgeons in Ireland;
ITCIT: Institute for Training and Clinical Innovative Technologies; CASE: Centre for Advanced Simulation and Education; CAMST: Center for
Advanced Medical Simulation and Training; ASU: Applied Science Private University; BAST: Belgian Association of Surgical Trainees.

The role of simulation in future training

Many participants expressed the view that simulation should precede clinical exposure, emphasizing
structured proficiency-based progression (PBP) with performance validated against expert benchmarks. This
approach minimizes patient risk and standardizes surgical education by fostering skill acquisition through
deliberate practice in a controlled environment, rather than relying on variable clinical exposure!*®..
Repetitive achievement and benchmarking, rather than fixed score thresholds, were viewed as essential
indicators of readiness.

The dialogue also acknowledged that current evidence in simulation research emphasizes efficiency,
procedure time, and technical performance, while relatively few studies directly link simulation to patient
outcomes!”. Participants underscored that the ultimate goal of simulation is not training per se, but to
increase patient safety and improve healthcare system efficiency. In essence, simulation-based education is
justified only when improvements in trainee performance translate into safer, more efficient, and higher-
quality patient care.

Integration, access, and sustainability

Access to high-quality simulation remains uneven across institutions and countries™. Funding
responsibilities - whether borne by governments, hospitals, or industry - were actively debated. While several
participants argued that making simulation a mandatory credentialing requirement could naturally drive the
creation of financial and regulatory frameworks, others felt that this step remains premature, as decision-
makers have not yet endorsed it. Overall, many participants converged on the direction but acknowledged
some uncertainty about the timeline and feasibility of implementation.

Participants also criticized the “drop-and-forget” approach to simulator acquisition, in which technology is
introduced without systematic curricular integration, defined learning objectives, or mentorship support.
They emphasized that such isolated implementation fails to deliver meaningful educational or clinical
impact.

Technology horizons: Al, cognitive load, and validation
Al-based coaching, digital learning records, and cognitive-load-based personalization were recognized as
transformative opportunities. Participants envisioned “virtual coaches” and adaptive learning systems within
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five years. Simulation environments represent the ideal setting for deploying AI-driven coaching and
adaptive learning, as they allow safe, repeatable data collection, real-time feedback, and standardized skill
progression before such tools are translated into the operating room. However, caution was expressed about
the lack of validation of several emerging tools. Participants emphasized the need for evidence linking
simulation outcomes to clinical performance and patient safety. Haptic feedback was viewed as optional for
experts in robotics and minimally invasive surgery but valuable for novices and selected specialties. The
conceptual framework itself is not new: Kirkpatrick’s model of training evaluation was first published in 1959
and has remained the standard reference for over sixty years. The gap has therefore never been theoretical; it
has been practical. What differentiates the current opportunity is the technical feasibility of achieving Level 4
evidence at scale, enabled by the convergence of robotic platforms, advanced recording hardware, and AI-
driven analytics, which now allow systematic, granular capture of intraoperative metrics, including
instrument motion economy, tremor, coagulation time, and phase-specific timing, that were previously
difficult or impossible to obtain in open or conventional laparoscopic settings.

Global access and equity

Equity was identified as both a moral and practical imperative. Resource-constrained and conflict settings
face severe infrastructure limitations, demanding low-cost, low-power, or offline alternatives. Participants
emphasized that simulation technology should not deepen global inequities. Partnerships, open-source
curricula, and regional hubs were proposed to ensure inclusivity. Several advocated combining high-tech
with low-fidelity and cadaveric models to preserve tactile learning in diverse contexts.

Personalized learning pathways

While many participants expressed the view that standardized curricula are needed to ensure equity and
comparability across institutions, training cannot be one-size-fits-all. Needs may vary by country, hospital,
and individual profiles. Some trainees require refinement of psychomotor (“hard”) skills, others require
improvement in decision-making or communication (“soft”) skills. AI can support adaptive scoring,
feedback, and longitudinal tracking to standardize benchmarks, but training pathways should be integrated
with human mentorship to interpret outcomes and tailor learning plans.

The human dimension: mentorship, empathy, and cultural change

While AT can streamline quantitative assessment, human mentorship remains indispensable for qualitative
feedback, debriefing, and emotional intelligence. Participants discussed the risk of “training empathy out of
healthcare” through over-digitalization. Simulation, they argued, should also cultivate empathy, teamwork,
and communication. The narrative should shift from “training surgeons” to “enhancing patient safety and
professional humanity”. This reflects a division of roles rather than a contradiction: Al is best suited to
repeatable, quantitative tasks such as error detection, data tracking, and standardized scoring, while human
mentors remain uniquely positioned to address the emotional and motivational dimensions of learning,
including frustration and setbacks that arise during skill acquisition.

DISCUSSION

This round-table study synthesized multidisciplinary perspectives from key stakeholders, including
clinicians, trainees, industry representatives, and simulation experts, to identify current evidence, unmet
needs, and gaps in robotic and simulation-based surgical training in Europe. By integrating these viewpoints,
the discussion outlines key priorities across the training continuum, translating them into actionable
recommendations and framing them within short-, mid-, and long-term perspectives.

Opverall, the discussion reflects a cautious optimism toward technology-enabled, patient-centered simulation,
while emphasizing the need for realistic and structured implementation in clinical practice. Participants
envisioned an educational ecosystem integrating validated simulation, AI-enhanced analytics, and
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Table 2. Translating simulation findings into training-phase recommendations

Results Training-phase Recommendation

Simulation should precede clinical exposure, using
proficiency-based progression with validated Pre-training
benchmarks

Training bodies should implement simulation-based proficiency
training as a prerequisite before clinical exposurel>

Need for structured curricular integration and

avoidance of “drop-and-forget” implementation Pre-training Healthcare institutions, training bodies, and policymakers should
) ) ) ) o integrate simulation into structured curricula and consider its
Simulation as a potential requirement for credentialing Pre-training inclusion in credentialing and accreditation frameworks
and standardization of training
Unequal access to simulation and uncertainty in . Policymakers should ensure equitable access to simulation through
; Pre-training . . -
funding and regulatory frameworks dedicated funding and regulatory supporttz'4
Lack of validation and need for robust evidence for Pref[ralmpg
Peri-training

emerging technologies (especially Al Industry and academic stakeholders should promote Al-driven

Post-training h Y ! : ! L
simulation technologies - with Al supporting repeatable quantitative

Al-driven coaching, adaptive learning, and cognitive Pre-training tasks (automated scoring, adaptive sequencing, longitudinal

load-based personalization as emerging tools in Peri-training performance tracking) and human mentors retaining responsibility

surgical simulation Post-training for interpretation, debriefing, and the emotional and motivational
o dimension of learning - while ensuring rigorous validation,

Central role of human mentorship alongside Al for E;er:[trra:r:?ngg transparency, and evidence-based implementation™™

interpretation, feedback, and learning Post-training
Pre-training

Peri-training
Post-training

Importance of scalable solutions (low-cost, hybrid
models) to ensure international equity

Industry and international health stakeholders should develop
scalable, low-cost, and hybrid simulation solutionst™®"

Pre-training
Peri-training
Post-training

Shift in paradigm from technical training to patient-

centered, human-focused care Training bodies should implement personalized curricula integrating

technical and non-technical skills, including human factors,
communication, empathy, and ethical aspectst®™

Need for personalized training pathways combining Pre-training
technical and non-technical skills Peri-training

. . - Pre-training T L . . . .
Digital learning records and longitudinal performance Peri-training Institutions and training bodies should implement digital learning

tracking to support continuous learning records for continuous performance tracking and feedback!"2021

Post-training

Risk of losing empathy with over-digitalization and Pre-training Educators should incorporate simulation-based training for
need to preserve human factors (teamwork, Peri-training teamwork, communication, and empathy to balance technological
communication) Post-training integration(??

Academic institutions and researchers should define minimum
evidence requirements for Al simulator deployment, including
mandatory Kirkpatrick Level 4 studies linking Al training metrics to
patient-safety and clinical outcomes?324

Simulation aims to improve patient safety and
healthcare efficiency, but requires stronger evidence Post-training
linking training to clinical outcomes

Overview of the main findings identified during the round-table discussion (first column), their classification according to the surgical training stage
(second column), and the corresponding actionable recommendations derived by the authors (third column).

personalized learning pathways within equitable systems. A recurring theme was that the next decade will be
critical in determining whether simulation evolves from an innovation to an established component of
healthcare infrastructure.

The key themes emerging from the discussion are summarized below and organized according to the pre-
training, peri-training, and post-training phases of surgical training; Table 2 provides a detailed, point-by-
point overview of these findings and their corresponding recommendations.

Pre-training

Under the pre-training stage, the need for structured curricular integration and avoidance of “drop-and-
forget” implementation is essential. Simulation may become a requirement for credentialing and
standardizing training, using structured and reproducible approaches such as PBP.

Unequal access to simulation and uncertainty in funding and regulatory frameworks remain significant
challenges. International collaboration and regulatory support are needed to bridge this gap, while emerging
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technologies such as AI-driven solutions and low-cost or hybrid models may help improve accessibility in
the future.

Peri-training

In the peri-training stage, evaluation should be an integral part of surgical training. It is essential to have
scalable, low-cost solutions that combine human mentorship with AI to monitor training progress during
peri-training phases. Digital learning records and longitudinal performance tracking will be key to
supporting continuous learning throughout the operative process. This ensures that peri-training is
monitored, structured, and continuously refined.

Post-training

Under the post-training stage, the narrative around simulation must center on patient outcomes and
healthcare efficiency, not just skill acquisition. Therefore, it is essential to track training impact on clinical
outcomes, following principles like Kirkpatrick Level 4. In addition, post-training monitoring, feedback
loops, and continuous learning systems ensure that training programs are refined based on real clinical
performance, ultimately improving patient care.

Transversal

Simulation is indispensable but must be validated, standardized, and sustainably funded. AI, including
coaching, adaptive learning, and cognitive personalization, can support training, but human mentorship
remains essential. Mentors are needed to interpret data, personalize learning, and foster empathy,
communication, and other non-technical skills. Additionally, scalable solutions like low-cost or hybrid
models could help achieve global equity, but these technologies must first be validated before widespread
adoption. Digital learning records and performance tracking will also support continuous learning across
stages.

Recommendations

The recommendations derived from this NASCE meeting are summarized in Table 2, providing clear,
actionable guidance tailored to different stakeholders, with a focus on integrating simulation, ensuring
equity, and fostering validated, human-centered approaches.

Future roadmap

In the short term, there is an urgent need to recognize the importance of simulation-based training
throughout the entire clinical career, from medical students to residents, surgeons, and subspecialists, with
professional societies playing a central role in driving this recognition. In the mid-term, validation of these
tools should be solidified, along with integration of Al, distinguishing what remains human-driven versus
Al-supported. Personalized ecosystems will start to develop. In the long term, reducing costs and fostering
global collaboration between institutions will be essential, with fully personalized ecosystems ultimately
approved and adopted on an international scale. Figure 1 provides a schematic overview of this roadmap
across the three time horizons.

Author perspectives on emerging priorities

The themes emerging from this discussion also prompted the authors to identify a number of related
considerations that, while not derived from the roundtable itself, merit attention in future work. These
should not be interpreted as recommendations of the roundtable, but rather as author reflections stimulated
by the discussion. Future roundtables and consensus efforts should include patients or patient advocacy
representatives, involved from the design phase of the discussion, to ensure that the patient perspective
informs future research priorities and recommendations. Similarly, defining minimum evidence standards
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Short-term Mid-term Long-term J
o 4 L
R N O
Career rollout Validate new tools Reduce costs
Students to experts Strengthen evidence Costs scale down
J
Societies lead Clarify Al roles Cross-border ties
Central role in uptake Human vs Al-driven Shared networks
J J
N
Early ecosystems Full ecosystems
Paths begin forming Adopted worldwide
N

Figure 1. Schematic overview of the future roadmap, organized by short-term, mid-term, and long-term priorities for the integration of
simulation-based and Al-supported surgical training.

and validation trial requirements for AI-based simulation tools, including Kirkpatrick Level 4 outcomes,
would benefit from a dedicated, formally structured consensus process such as a Delphi study. Future
consensus efforts should also define the operational aspects of digital learning records, including data
content, provenance, storage, and governance. The credentialing and legal implications of integrating AI-
driven simulation into surgical training likewise warrant dedicated discussion in future consensus initiatives.
Finally, the development of illustrative training scenarios and standardized debriefing frameworks,
combining quantitative Al metrics with qualitative emotional and behavioral feedback, remains an important
direction for future dedicated work.

Strengths and limitations

This study presents several strengths. The multidisciplinary composition of the round-table, encompassing
senior surgeons, surgical trainees, simulation center directors, industry representatives, and leaders of
European and national simulation societies, ensured a broad range of perspectives across different
professional backgrounds and levels of experience. The methodological approach, combining pre-meeting
written inputs with a live audio-recorded and verbatim-transcribed discussion analyzed by two independent
reviewers, adds rigor to the qualitative synthesis. Furthermore, while several themes addressed in this paper
have been previously discussed in the international literature, this work offers a distinctive contribution by
revisiting them through a multidisciplinary lens and within a specifically European context, while also
introducing emerging perspectives not yet widely explored.

Nonetheless, several limitations should be acknowledged. The heterogeneous composition of the group,
while a source of breadth, also introduces the potential for divergent or competing interests: industry
representatives, for instance, may have commercial incentives that could influence their perspectives on
technology adoption or certification requirements. The total number of participants remains limited (n = 24),
and despite the international representation, the group was predominantly European, which may limit the
transferability of the findings to other regional and cultural contexts. Future work should aim to overcome
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these regional barriers, for example through cross-continental working groups and larger participant groups,
and extend the discussion to include limited-resource settings. Additionally, the rapid qualitative thematic
analysis employed, while appropriate for this type of scholarly activity, is inherently interpretive and does not
constitute formal consensus; the recommendations should therefore be understood as emerging expert
opinions rather than validated guidelines. Finally, the absence of patient or patient advocate representation is
a notable gap, particularly given the paper’s emphasis on patient safety and patient-centered care.

Taken together, this white paper should be interpreted as a synthesis of multidisciplinary perspectives
emerging from a structured roundtable discussion, and does not represent a formal guideline or consensus
statement. The recommendations presented herein reflect emerging expert opinions intended to inform and
stimulate further debate rather than to prescribe standardized practice.

CONCLUSION

The oth NASCE Congress round-table provided a rich exchange of ideas about where simulation in
healthcare in 2050 is heading. Participants envisioned a future defined by intelligent, inclusive, and ethically
grounded simulation ecosystems that enhance both competence and compassion. The path forward requires
collaboration among societies, educators, clinicians, industry, and policymakers to ensure that the promise of
simulation translates into international improvements in patient care.
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