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Introduction: Simulation enables safe, structured practice of laparoscopic skills outside the operating room, yet objective, threshold-
referenced performance data from mandatory postgraduate curricula in Central and Eastern Europe remain scarce. We report the educational
outcomes of a structured, multi-level virtual-reality (VR) laparoscopy curriculum delivered at a single national simulation center.
Methods: We conducted a single-center prospective observational study of 29 obstetrics and gynecology residents who completed
a four-module laparoscopic course (Basic 1-2, Advanced 1-2) at the Centre for Endoscopy Simulation, Centre of Postgraduate
Medical Education (CMKP), Warsaw. Outcomes comprised pre- and post-course single-choice knowledge tests, self-assessed
competence, satisfaction, and simulator-based performance evaluated against a priori, criterion-referenced passing thresholds.
Technical metrics were simulator-generated (Simbionix LAP Mentor); no human global rating scales were used. Demographic and
training-related variables (gender, residency year, training-center referral level, prior endoscopic experience) were analyzed with non-
parametric statistics.

Results: Knowledge scores improved from 20.9 (SD = 2.70) to 29.2 (SD = 1.01) (Wilcoxon, p <0.05). Self-assessed competence
increased significantly across all domains (p <0.05). Satisfaction was uniformly high (mean 4.7/5, SD = 0.45) but did not correlate
with objective performance (all p >0.05). Outcomes did not differ by gender or training-center referral level; residency year was
associated with performance only in colpotomy (p = —0.37, p =0.047), and prior experience predicted performance mainly in basic
camera manipulation (e.g. 30° navigation distance, p = —0.50, p =0.005), consistent with a learning-curve effect.

Conclusion: A structured, multi-modular VR laparoscopy course significantly improved theoretical knowledge and self-assessed
competence among OB-GYN residents. Within this single-center cohort, measured outcomes did not differ by gender or training-
center referral level. High satisfaction diverged from objective performance, underscoring the need for balanced, criterion-referenced
evaluation. A priori passing thresholds enabled transparent, proficiency-oriented assessment.
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Introduction

Minimally invasive surgery has transformed gynecological practice by reducing postoperative pain, length of hospital
stay, and recovery time. However, these benefits come at the cost of a steep learning curve: laparoscopic surgery requires
advanced visuospatial, psychomotor, and cognitive skills that are difficult to acquire in traditional apprenticeship models.
Concerns about patient safety, variability of training opportunities, and limited operative exposure during residency have

created strong impetus for structured alternatives to operating room learning.
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Simulation-based training has emerged as one of the most effective innovations to address these challenges. Modern
platforms—including physical box trainers, virtual reality (VR), and augmented reality systems—provide risk-free
environments where learners can practice technical tasks repeatedly, receive structured feedback, and develop compe-
tence in a stepwise fashion.'”? Systematic reviews and meta-analyses consistently confirm that simulation improves
technical performance, accelerates learning curves, and reduces intraoperative errors. > Importantly, simulation-trained
surgeons demonstrate improved efficiency and safety in the operating room, supporting the transferability of skills to
clinical practice.®’

Despite strong evidence for its effectiveness, simulation has not been universally implemented. Surveys highlight an
implementation gap, with many institutions possessing simulators but lacking structured, mandatory programs.® As
a result, objective, threshold-referenced performance data from mandatory postgraduate laparoscopy curricula remain
limited, particularly in Central and Eastern Europe, where structured simulation has historically been less embedded than
traditional apprenticeship. Recent innovations—such as telesimulation, asynchronous feedback systems, and low-cost
portable platforms—have demonstrated that simulation can be scaled across countries and resource settings, including
low- and middle-income countries.” "2

Several structured curricula and proficiency frameworks have been developed to standardize laparoscopic
training and assessment. The Fundamentals of Laparoscopic Surgery (FLS) program provides a validated, profi-
ciency-based curriculum and certification standard for core laparoscopic skills.'"> In gynecology specifically, the
European Society for Gynaecological Endoscopy and the European Academy of Gynaecological Surgery have
established the GESEA program (eg., the LASTT and SUTT modules) for structured skill acquisition and
certification.'* These frameworks share an emphasis on proficiency-based progression, in which trainees must
reach predefined performance criteria before advancing, rather than completing a fixed time or number of
repetitions.*'>'® The curriculum evaluated here adopts the same proficiency-based logic through criterion-
referenced passing thresholds, while differing in its delivery as a mandatory, multi-level national course within
a postgraduate OB-GYN program.

Scientific societies and professional organizations have recognized simulation as a cornerstone of modern surgical
education. International calls now advocate for its integration at all stages of training, standardization of curricula, and
accreditation of programs.”'®!” Recommendations include embedding simulation in residency curricula, ensuring
funding and institutional support, promoting low-cost scalable solutions, and establishing quality standards for training
and certification.

Against this background, the present study evaluates the educational impact of a structured, multi-level VR laparo-
scopy course delivered at a single national training center. We assessed four complementary domains chosen to span the
lower levels of the Kirkpatrick framework and established validity dimensions: learner satisfaction (reaction/face
validity), knowledge acquisition (learning/content validity), self-assessed competence (self-efficacy), and simulator-
based technical performance (objective construct validity). We additionally explored the influence of demographic and
training-related factors and examined the feasibility of transparent, criterion-referenced assessment using a priori passing
thresholds. The present objective performance data complement our previously reported survey of residents’ subjective

perceptions of the same training program.'®

Methods
Study Design and Participants

This single-center prospective observational study was conducted between November 2019 and March 2021 at the Centre
for Endoscopy Simulation, Centre of Postgraduate Medical Education (Warsaw, Poland). Twenty-nine obstetrics and
gynecology residents at various stages of training participated. Eligibility required ongoing residency training and
submission of an online application to the course, which was offered within the CMKP national project (see Ethics
statement). Participation was voluntary; the cohort was therefore self-selected, a point considered in the Limitations.
Participant demographics and training-related characteristics are presented in Table 1.
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Table | Participant Characteristics

Characteristic n %
Total participants 29 | 100
Gender
Female 24 | 828
Male 5 (172

Residency year

Year 2 I | 379
Year 3 4 13.8
Year 4 4 | 138
Year 5 6 | 207
Year 6 4 | 138

Prior endoscopic experience

None 6 | 20.7
Low 9 | 31.0
Moderate 14 | 483

Training-center referral level

Primary 4 13.8
Secondary 9 | 31.0
Tertiary 16 | 55.2

Notes: Residency year refers to year of postgraduate
specialty training. Training-center referral level corre-
sponds to the national hospital classification (primary,
secondary, tertiary). Prior experience in performing
laparoscopic procedures, as declared by participants,
was classified by the number of independently performed
cases: none (0), low (1-5), moderate (6-50), high (51—
100), and very high (>100).

Ethics Statement

Data were collected as part of the project conducted by the Centre of Postgraduate Medical Education (CMKP), titled
“Development of specialty training of physicians in fields relevant to the epidemiological and demographic needs of the
country, using endoscopic simulation techniques”. The study was approved by the Bioethics Committee of the Centre of
Postgraduate Medical Education (approval No. 102/PB/2019). The study was conducted in accordance with the
Declaration of Helsinki and with applicable institutional and national ethical standards. It involved secondary analysis
of fully anonymized educational data, with no clinical intervention or access to identifiable personal information. All
participants had previously provided written informed consent to participate in the project, including consent for the use
of their anonymized evaluation data for research purposes.

Course Structure
The training program consisted of four progressive modules, designed to build skills from basic manual tasks to advanced

surgical procedures and team-based training:

Advances in Medical Education and Practice 2026:17 https: 3



Sierant et al

Basic 1: fundamental laparoscopic skills, including camera manipulation with 0° and 30° optics, peg transfer, shape
cutting, and electrocautery.

Basic 2: applied basics and simple clinical procedures, such as anatomy table exercises, ultrasound-based diagnostic
training, navigation tasks, laparoscopic tubal occlusion, and ectopic pregnancy surgery on virtual reality simulators.
Advanced 1: laparoscopic suturing techniques, including needle positioning, continuous sutures, simple and
surgical knots, and the C-loop technique.

Advanced 2: advanced procedures and team training, covering laparoscopic hysterectomy, multidisciplinary exercises
using the LAP Express system, VR operating room scenarios, and emergency simulations (eg., resuscitation protocols).

Each module was delivered as a one-day course (8 hours) with a maximum of six participants under the supervision of

a multidisciplinary faculty consisting of gynecologist, simulation experts, and emergency medicine instructors. The

overall structure and progression of modules are summarized in Table 2, outlining the key practical exercises, lecture

topics, and assessment components included at each course level. Figure 1 illustrates representative virtual reality

exercises included in the curriculum, such as laparoscopic hysterectomy. Training methods included multimedia lectures,

box trainers (Karl Storz), high-fidelity laparoscopic VR simulators (Simbionix LAP Mentor), ultrasound simulators

(Simbionix U/S Mentor), and anatomical tables.

Assessment Tools
Assessment comprised four complementary components, mapped to the validity domains defined above.

e Knowledge acquisition was measured with a single-choice pre-test and post-test covering principles of laparoscopy,

ergonomics, anatomy, and perioperative management. The test items were developed by the authors, who are
experts in minimally invasive gynecologic surgery, to assess the fundamentals of minimally invasive surgery and to
establish each resident’s baseline level. The instrument was author-developed for institutional educational evalua-
tion and was not formally piloted or externally validated prior to this cohort.

Table 2 Training Pathway in the Gynecological Laparoscopy Course

Course Level

Main Focus

(Practical Exercises on Simulators)

Lectures

Tests

Basic |

Fundamental skills

— Camera manipulation (0° and 30°)

— Peg transfer
— Shape cutting

— Electrocautery

OR setting
Instruments

Ergonomics

Pre-test: ergonomics, anatomy basics

Post-test: same single-choice questions

Basic 2

Applied basics

— Anatomy

— Ultrasound simulation
— Navigation

— Tubal occlusion

— Ectopic pregnancy removal

Navigation in laparoscopy

Laparoscopic surgery for
ectopic pregnancy

Pre-test: anatomy, trocar placement, instruments, procedures, indications

Post-test: same single-choice questions

Advanced |

Laparoscopic suturing
— Needle positioning

— Continuous suture

— Simple/surgical knots

— C-loop technique

Suturing in laparoscopy

Pre-test: thread preparation, knot types

Post-test: same single-choice questions

Advanced 2

Complex procedures
— Laparoscopic hysterectomy
— Team training (LAP Express)

— Emergency simulations

Laparoscopic hysterectomy

Uterine manipulators

Pre-test: hysterectomy steps, uterine manipulator, complications

Post-test: same single-choice questions

Notes: Each module was delivered as a one-day (8-hour) course for up to six participants. Pre- and post-tests used the same set of single-choice questions.
Abbreviation: OR, operating room.
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Figure | Example of laparoscopic training tasks used in the simulation curriculum, including camera navigation (0° and 30° optics), peg transfer, precision cutting,
electrocautery, and procedural modules (ectopic pregnancy surgery, suturing, and hysterectomy).

e Satisfaction (face validity) was assessed with a Likert-scale survey (“To what extent did the training meet your
expectations?”).

e Technical performance (construct validity) was evaluated exclusively using metrics generated automatically by the
VR simulator (Simbionix LAP Mentor) — including task time, distance travelled, accuracy, errors, and task
completion — across exercises spanning camera manipulation, peg transfer, electrocautery, ectopic pregnancy
removal, laparoscopic suturing, and colpotomy. No human expert global rating scales (eg., GOALS, OSATS)
were applied; consequently, inter-rater reliability is not applicable to this assessment.

e Self-assessment of skills was collected through a structured post-course questionnaire covering six domains:
knowledge of principles, anatomical knowledge, practical skills, patient preparation, theoretical understanding of
techniques, and manual preparation.

e Demographic and training-related factors (gender, residency year, training-center referral level, and prior endo-
scopic experience) were explored as potential moderators of these outcomes, in order to (i) examine whether
a standardized curriculum yields comparable outcomes irrespective of trainee background and (ii) assess construct
validity by testing whether simulator metrics discriminate according to prior experience.

Passing Thresholds

Technical performance was judged against criterion-referenced passing thresholds defined a priori by the expert faculty
for each exercise and metric (Table 3). Trainees repeated each task until the corresponding threshold was met. During
practice, guidance was provided as immediate, task-oriented feedback; structured debriefing was not used, in keeping
with the focus on technical-skills acquisition, where feedback is the appropriate instructional modality, as distinct from

the scenario- and team-based debriefing characteristic of crisis-resource-management simulation.'® !

Statistical Analysis

Data were analyzed using non-parametric tests due to the small sample size and non-normal distribution of variables.
Between-group comparisons were performed using the Mann—Whitney U-test. Correlations with residency year, prior
experience, and training center referral level (primary, secondary, tertiary) were examined using Spearman’s rho. Pre- and
post-test as well as pre- and post-course self-assessment scores were compared using the Wilcoxon signed-rank test. The
level of significance was set at p <0.05. Given the sample size, all analyses were exploratory and hypothesis-generating;
no multivariable modelling was performed.
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Table 3 Proficiency-Based Passing Thresholds Applied to the Simulator Exercises

Course Level Simulator Exercise Performance Metric Passing Threshold
Basic | Camera manipulation, 0° Task time < 85s
Camera path length <178 cm
Targets identified 10 (all)
Camera horizon stability 2 94%
Camera manipulation, 30° Task time < 99s
Camera path length <269 cm
Targets identified 10 (all)
Peg transfer Task time < 90s
Objects transferred 6 (all)
Shape cutting Task time <150s
Cutting line crossed None (0)
Electrocautery Task time <28ls
Efficiency = 92%
Accuracy 100%
Basic 2 Ectopic pregnancy — salpingectomy (case 5) | Task time <600 s
Vessel/organ injury None (0)
Completeness of ectopic removal | 100%
Advanced | Laparoscopic suturing (C-loop) Correct C-loops > 4
Task time <600 s
Advanced 2 Laparoscopic hysterectomy (case ) Task time <900 s
Colpotomy completeness 100%

Notes: All performance metrics were generated automatically by the virtual reality simulator (Simbionix LAP Mentor); no human global rating
scales (e.g., GOALS, OSATS) were applied. Passing thresholds were criterion-referenced and defined a priori by the faculty, who are experts in
minimally invasive gynecologic surgery. Each trainee repeated a task until the corresponding threshold was met, and the number of attempts
required was recorded.

Abbreviations: s, seconds; cm, centimeters.

Results

Knowledge Gain

Theoretical knowledge significantly improved after the course. Mean test scores increased from 20.9 (SD = 2.70) in the
pre-test to 29.2 (SD = 1.01) in the post-test, representing a significant gain (Wilcoxon test, W = 0, p <0.05). When
analyzed by subgroups, improvements were consistent. There were no significant differences in knowledge gains by
gender, residency year, center referral level, or prior endoscopic experience (all p >0.05). Overall, the results confirm that
the simulation-based curriculum produced a substantial and broadly distributed knowledge gain, reinforcing its effec-
tiveness in delivering theoretical content.

Satisfaction (Face Validity)
Participants rated the course very highly, with a mean satisfaction score of 4.7 out of 5 (SD = 0.45). The training was

consistently perceived as meeting expectations across all participant groups. No significant differences were observed when
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comparing responses by gender (U = 65.50, p =0.709), residency year (p = —0.17, p =0.376), or center referral level.
Similarly, prior endoscopic experience did not influence satisfaction (p =—0.18, p =0.359). Descriptive analyses indicated
uniformly high evaluations: female participants (n = 24) reported a mean score of 4.71 (SD = 0.46), while male participants
(n=15) reported 4.80 (SD = 0.45). Satisfaction scores across residency years ranged from 4.33 (SD = 0.52) in year 5 to 5.00
(SD =0.00) in year 6, without statistical significance. With respect to prior endoscopic experience, mean satisfaction scores
were 4.83 (SD = 0.41) for those without experience, 4.78 (SD = 0.44) for those with low experience, and 4.64 (SD = 0.50)
for those with moderate experience. Overall, these findings confirm the face validity of the program.

Demographics and Exercise Outcomes
Analyses showed that gender and center referral level did not significantly influence exercise performance. No
differences were observed between male and female participants across any of the assessed tasks (all p >0.05).
Similarly, no significant associations were found between center referral level and performance metrics.
Residency year showed an effect only in colpotomy: participants in higher years completed the procedure in shorter
times (p = —0.37, p =0.047). For all other exercises, no significant associations with residency year were identified.
Prior endoscopic experience had a partial influence on technical performance. Residents with greater experience
demonstrated better results in selected tasks, particularly camera manipulation (0° and 30°) and distance travelled during
30° camera navigation (p = —0.50, p =0.005). However, experience did not significantly affect outcomes in more complex
tasks such as peg transfer, electrocautery, ectopic pregnancy surgery, or colpotomy completion.In summary, while
demographic variables such as gender and center referral level showed no effect, residency year influenced performance
in colpotomy only, and prior experience improved selected basic tasks but not advanced exercises.

Self-Assessed Skills

Participants reported significant improvements in all domains of self-assessed competence following the course. Median
scores increased across knowledge of endoscopic principles, anatomical knowledge, practical endoscopic skills, patient
preparation, theoretical knowledge of techniques, and manual preparation. In each domain, the Wilcoxon test confirmed
statistically significant gains (all W = 0, p <0.05). For example, mean scores in knowledge of endoscopic principles rose
from 2.48 (SD = 0.78) before the course to 4.41 (SD = 0.50) afterwards, while manual preparation increased from 2.45
(SD = 0.87) to 4.34 (SD = 0.55). Similar patterns were observed across all other domains, with consistent shifts from
moderate pre-course ratings to high post-course ratings. Subgroup analyses revealed no significant differences in self-
assessed improvement by gender or center referral level. Some isolated differences emerged for residency year and prior
experience, but these did not alter the overall trend of marked skill enhancement across the cohort.

Course Satisfaction and Skill Performance

Correlation analyses revealed no significant associations between participants’ satisfaction ratings and their objective
performance in simulation exercises. Across all measured tasks—including camera manipulation (0° and 30°), peg
transfer, shape cutting, electrocautery, ectopic pregnancy surgery, suturing, and colpotomy—satisfaction scores did not
correlate with time, accuracy, or error metrics (all p >0.05). Descriptive data confirmed this pattern: despite uniformly
high satisfaction (mean 4.7/5), participants varied widely in technical performance. For example, satisfaction did not
predict faster times in basic camera navigation nor higher accuracy in advanced procedures such as colpotomy or ectopic
pregnancy removal. These results suggest that while residents valued the course structure and delivery, subjective
satisfaction did not align with objective measures of skill acquisition.

Experience and Construct Validity

Declared endoscopic experience showed partial, task-specific associations with performance. Stronger experience
correlated with improved camera navigation metrics—most notably shorter distance travelled in 30° camera manipulation
(p = —0.50, p =0.005), with similar trends for 0° navigation (near-significant). In contrast, no significant differences by
experience were detected for peg transfer, shape cutting, electrocautery, ectopic pregnancy surgery, or colpotomy
completion metrics. These results indicate partial construct validity: the simulator can distinguish experience levels in
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Table 4 Summary of Outcomes in Simulation-Based Training (N = 29)

Outcome Domain Measure Result
Knowledge gain Pre-test, mean (SD) 20.9 (2.70)
Post-test, mean (SD) 29.2 (1.01)
Change +8.3 (p <0.05)
Self-assessed competence | Pre- vs post-course (six domains; | = very low, 5 = very high) Significant increase across all domains
(p <0.05)
Satisfaction (face validity) | Mean (SD) 4.7 (0.45)/5
Correlation with performance None (p >0.05)
Simulator performance Camera navigation (0°/30°), peg transfer, precision cutting, All participants reached the
electrocautery, ectopic pregnancy surgery, suturing, hysterectomy predefined thresholds
Subgroup performance By gender No differences (p >0.05)
comparisons
By residency year Effect only for colpotomy (p =0.047)
By training-center level No differences (p >0.05)
By prior experience Effect in basic camera navigation only
(p <0.05)

Notes: Knowledge and self-assessed competence were compared pre- versus post-course (Wilcoxon signed-rank test). Subgroup comparisons used the Mann—Whitney U-
test (gender) and Spearman correlation (residency year, training-center level, prior experience).
Abbreviation: SD, standard deviation.

foundational visuomotor tasks (camera work), but advanced or composite tasks appear less sensitive to prior exposure—
suggesting a levelling effect of the standardized simulation protocol. Importantly, even residents with substantial prior
clinical experience required initial familiarization, indicating a learning curve effect inherent to simulator-based training.
However, experienced participants tended to reach the established passing criteria more quickly, consistent with
accelerated progression along the simulator learning curve. A summary of key educational outcomes, including knowl-
edge gains, self-assessed competence, satisfaction, and simulator-based performance, is provided in Table 4.

Discussion

Main Findings

This study demonstrates that a structured simulation-based course in gynecological laparoscopy was highly acceptable,
produced significant pre—post gains in theoretical knowledge, and enhanced self-assessed competence across multiple
domains. Objective performance outcomes were largely independent of gender and training center referral level, with
residency year associated only in colpotomy performance and prior laparoscopic experience affecting primarily basic
visuospatial tasks (camera manipulation). The use of standardized passing thresholds provided a transparent, criterion-
referenced evaluation aligned with the philosophy of proficiency-based learning.

Effectiveness and Skill Acquisition

Our results are consistent with robust evidence demonstrating the effectiveness of simulation-based training. Multiple
systematic reviews and meta-analyses confirm that simulation leads to substantial improvements in knowledge, technical
skills, and task efficiency compared to traditional instruction or no intervention.>*'>*? These improvements extend to
both basic and advanced laparoscopic tasks, with simulation-trained participants demonstrating faster procedure times,
fewer errors, and higher global assessment scores in the operating room.>* %2

Our study further supports the finding that simulation is particularly effective for novices and participants with low

prior exposure. Meta-analyses report that such learners show large improvements in surgical skills, shorter operative
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times, and fewer errors following structured training.” Recent evidence also demonstrates that even medical students with
no prior laparoscopic experience can reach performance levels comparable to more experienced peers after simulator-
based training.”® These observations indicate that structured simulation is particularly beneficial for novices and trainees
with limited prior exposure, who show the largest gains.

Validity, Transferability, and Retention
High satisfaction ratings in our cohort support the face validity of the program, while significant knowledge gains
confirm its content validity. Construct validity was partially supported: prior experience differentiated performance only
in camera manipulation, whereas advanced tasks demonstrated less discriminatory ability. Such a levelling effect has
been reported in other studies, likely reflecting standardized task design and the equalizing influence of simulation.”'®
Most importantly, simulation-based skills are transferable to the operating room. Evidence from systematic reviews and
randomized controlled trials confirms that simulation-trained participants perform laparoscopic cholecystectomy and endo-
scopy with fewer errors, faster times, and higher global assessment scores.* ®?*?* While skill retention is generally robust,

some studies report modest decline over time, especially in VR-based tasks, highlighting the need for refresher practice.®’

Demographics, Residency Year, and Performance

We found no association of gender or training-center referral level with performance within this cohort. This should be
interpreted cautiously: in a single-center sample of 29 self-selected volunteers, the absence of detectable subgroup
differences reflects comparability of measured outcomes within a standardized curriculum and must not be read as
evidence of systemic equity of access or reduced regional training disparities, which this design cannot address.
Residency year was associated with outcomes only in colpotomy, a task requiring broader surgical context, while
prior experience was predictive mainly for camera navigation, mirroring evidence that performance gaps between

novices and experienced trainees narrow after repetition in more complex tasks.”'¢

Technology and Curriculum Design
Simulation technology has advanced rapidly, incorporating physical, virtual, and augmented reality systems. Modern
simulators integrate high-fidelity visualization, haptic feedback, and automated performance metrics, improving realism
and learning efficiency."'> VR simulators are as effective as, or superior to, traditional box trainers for both skill
acquisition and transfer.*'> Immersive technologies such as head-mounted displays and 360° video further enhance
engagement and presence, with encouraging levels of learner satisfaction.?

Curriculum design is equally important. Reviews recommend proficiency-based progression, individualized feedback,
and validated assessment tools as best practices to maximize training outcomes.*'>'® Our program’s use of passing
thresholds reflects this approach and ensured a fair, transparent benchmark across participants.

Assessment, Proficiency, and Stress

By applying standardized thresholds instead of fixed time or repetition counts, our program aligns with proficiency-based
learning, where learners must demonstrate competence before progressing.*'>!'® Our results confirm that this model was
feasible. Although stress was not measured directly, existing literature suggests that high-stakes examinations can
increase anxiety, impair concentration, and widen performance variability, while threshold-based designs reduce varia-

bility and support deliberate practice.”>*>’

Implementation and Broader Context

Beyond the present data, the literature describes innovative delivery models — remote and asynchronous simulation, and
low-cost portable platforms — that may extend structured training to settings with constrained resources, including low-
and middle-income countries.” '? These approaches are promising but lie outside the scope of the present single-center
study; our findings neither demonstrate nor test scalability or equity of access, and we therefore frame these possibilities
as context and directions for future work rather than as outcomes of this study.
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Cost-Effectiveness and Resource Use

Simulation is increasingly recognized as a cost-effective strategy. By reducing operative times, errors, and complications,
simulation training can offset the initial costs of equipment and improve system-wide efficiency.® Low-cost, reusable
models and remote training networks further reduce costs and make simulation feasible for a broader range of

institutions.'® 12

Limitations and Future Directions

This study has several limitations. It was conducted at a single, well-resourced national simulation center using high-
fidelity VR simulators, and the cohort comprised 29 self-selected volunteers; both factors limit generalizability and
introduce potential selection bias. Because all available participants were included, no a priori power analysis was
performed, and the analyses are exploratory and hypothesis-generating. We did not fit a multivariable regression model:
with this sample size, the number of events per variable falls well below the conventionally accepted minimum (~10 per
predictor), so adjustment for baseline clinical volume and center referral level would be statistically unstable; accord-
ingly, residual confounding by baseline clinical exposure cannot be excluded.”® The passing thresholds were defined
a priori by the faculty and were not empirically validated against a normative expert benchmark. Technical performance
relied solely on automated simulator metrics, without expert global rating scales (GOALS/OSATS). Self-assessed
competence and satisfaction are subject to response and self-report bias. Finally, we lacked trial-level trajectory data
and long-term follow-up, precluding assessment of skill retention. Future research should empirically validate the
thresholds against expert performance, incorporate expert global rating alongside automated metrics, employ adequately
powered multi-center designs permitting adjusted analyses, and link simulator performance to operating-room perfor-
mance and patient outcomes.

Conclusion

This study demonstrates that a structured, proficiency-oriented laparoscopic simulation course significantly improved
theoretical knowledge and self-assessed competence among obstetrics and gynecology residents. Within this single-
center cohort, measured outcomes did not differ by gender or training-center referral level, and the influence of prior
experience was limited to basic visuospatial tasks. High satisfaction diverged from objective performance, reinforcing the
value of criterion-referenced assessment over subjective evaluation alone. A priori passing thresholds supported
a transparent, learner-centered evaluation framework. These findings should be regarded as exploratory; confirmation
will require adequately powered, multi-center studies linking simulator performance to operating-room performance,
skill retention, and clinical outcomes.
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