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ABSTRACT

INTRODUCTION. Simulation-based training is used to prepare healthcare professionals for clinical situations in a structured
environment. However, participation varies depending on personal, professional and institutional factors. This study aimed to
identify factors associated with participation to inform inclusive training programme designs.

METHODS. We analysed longitudinal data from 1,825 healthcare professionals across eight paediatric departments in two
Danish regions over 15 months. Logistic regression was used to examine associations between simulation participation and
factors such as age, gender, profession, experience, hospital type, sick leave, and patient safety culture.

RESULTS. Doctors were more likely to participate than nurses (OR = 1.5, 95% CI: 1.0; 2.1), and staff at regional hospitals were
much more likely to participate than staff at university hospitals (OR = 4.8, 95% CI: 3.6; 6.2). Age, experience, sick leave, and
safety culture dimensions showed trends, but none were statistically significant. Gender was not associated with participation.

CONCLUSIONS. Professional roles and institutional context may influence simulation participation. Tailored strategies
targeting nurses, early-career professionals, and university hospital staff may help increase participation and support
sustained training efforts.

FUNDING. The Elsass Foundation and the Central Denmark Region.

TRIAL REGISTRATION. Clinicaltrials.gov (no. NCT06064045).

Simulation-based training is used to prepare healthcare professionals for clinical situations in a structured
environment [1-3]. Well-structured simulations have been shown to support coordination during acute care
situations and may contribute to improved team performance under pressure [4]. Recent studies suggest that
simulation-based training can improve preparedness for rare but critical events, prompting some institutions to
invest in local simulation programmes [5, 6].

Despite its benefits, participation in simulation-based training remains uneven. Some healthcare professionals
may feel uncomfortable engaging in training due to concerns about judgement, embarrassment or exposure [7].
Additionally, competing clinical responsibilities may limit engagement, particularly in systems where
participation is voluntary [8]. Barriers such as time constraints or psychological discomfort may prevent
experienced clinicians from participating, limiting the trainingʼs reach and practical relevance. Understanding
who participates in simulation-based training and identifying factors influencing engagement is essential for
designing more inclusive and effective training programmes.
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In Denmark, simulation-based training is usually voluntary, and participation patterns may be shaped by
structural and cultural factors within healthcare. High clinical demands and institutional priorities can create
logistical challenges, further influencing engagement [9]. Addressing these barriers is crucial to ensuring equal
access and maximising the impact of simulation-based training.

This study examined the personal, professional and institutional factors associated with participation in
simulation-based training. Identifying key drivers and barriers provides insights into participation patterns and
informs strategies to enhance engagement, supporting broader participation and more consistent integration
into clinical practice [1].

Methods

Setting

This study is based on data from eight paediatric departments in two Danish healthcare regions [10]. One region
increased the simulation-based team training, while the other region maintained standard practices. Standard
practice was an average of eight monthly simulation sessions for each department. This reflects a national focus
on using simulation to improve patient safety and professional competency. Simulation-based team training is a
widely used educational modality for healthcare professionals in Denmark, supporting education and skill
maintenance [11].

Data collection and variable categorisation

Unique participant identifiers from simulation records were linked to administrative human resources databases
[12] and the Danish Safety Attitudes Questionnaire (SAQ-DK) [13]. Variables included socio-demographics, sick
leave rates and patient safety culture dimensions.

Simulation participation

Participants were divided into two groups based on attendance: those who attended at least one session and
those with no recorded participation. Simulations were conducted in situ, with local ambassadors documenting
sessions in an online database. Data collection spanned from 1 January 1 2023 to 30 March 2024, with department
collaborators ensuring completeness. The first author provided status updates every three weeks to maintain
data quality. Across the eight departments, each session on average included 13 minutes for briefing, 22 minutes
for scenario-based activities and 30 minutes for debriefing.

Sociodemographic characteristics

The age groups were 22-34, 35-44 and 45-75 years. The profession was categorised as doctor or nurse, while years
of experience were grouped into 0-9, 10-24 and over 24 years. Hospital affiliation was distinguished between
university hospitals (10,000 employees) and regional hospitals (1,600-5,000 employees).

Sick leave rates

Sick leave (April 2021-April 2023) was calculated as total sick leave hours divided by hours employed, accounting
for part-time work and job changes [12].Maternity leave and other absences were excluded. Participants were
grouped into four quartiles: very low (0-0.5%), low (> 0.5-2.1%), high (> 2.1-5.0%) and very high (> 5%) [12].

Assessment of patient safety culture

We used the validated SAQ-DK to assess healthcare employees' safety perceptions. In March-April 2023, it was
distributed to doctors and nurses across eight paediatric departments, measuring six dimensions: teamwork
climate, safety climate, job satisfaction, stress recognition, perception of management and working conditions.
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The 36-item questionnaire used a 0-100 scale, with scores ≥ 75 indicating positive attitudes [13]. Among 2,440
distributed questionnaires, 1,412 were completed (58% response rate), of which 489 met the inclusion criteria
requiring simulation participation data [13].

Sample description

As illustrated in Figure 1, this study integrated data from the SAQ questionnaire, Business Intelligence (BI)
records and simulation participation records.

The SAQ included 489 observations on gender, profession, years of experience, hospital type and patient safety
culture. BI records contained 1,573 observations on gender, profession, age, sick leave and hospital type. After
merging, the final dataset comprised 1,825 unique observations. Key variables were simulation participation (n =
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1,825), gender (n = 1,825), profession (n = 1,825), years of experience (n = 489), hospital type (n = 1,825), sick leave
(n = 1,294), age (n = 1,573) and SAQ dimensions (n = 489). Simulation participation was based on electronic
records, including 637 participants.

Statistical analysis

Counts and proportions described categorical variable distributions, while logistic regression identified factors
associated with simulation participation. Sociodemographic variables (gender, age, profession, experience,
hospital type) and additional factors (sick leave rate, SAQ dimensions) were analysed separately to maximise
sample size and minimise listwise deletion. All analyses were adjusted for the intervention/control group.

A multivariate model included group, age, profession, gender, hospital type, and sick leave, excluding
experience and SAQ dimensions due to sample size limitations. Odds ratios (OR) with 95% confidence intervals
(CI) were reported using Stata 18, with key assumptions verified. Further details are provided in Appendix 2.

Guidelines and ethics

The study followed the STROBE guidelines for reporting observational studies (Appendix 1). It was registered
with the Regional Ethics Committee (1-16-02-232-22) and Aarhus University's GDPR system (no. 2016-051-000001).
The Central Denmark Region Committees on Health Research Ethics (no. 1-10-72-124-22) confirmed that formal
ethical approval was not required.

Trial registration: Clinicaltrials.gov (no. NCT06064045).

Results

Among 1,825 participants, 637 (35%) participated in simulation-based training, while 1,188 (65%) did not.

Table 1 shows adjusted logistic regression models for associations between participation and demographics, sick
leave and patient safety culture.
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Significant positive associations were observed in the multivariate model for group allocation, professional role
and institutional context. As expected, being in the intervention group was strongly associated with higher
participation (multivariate adjusted OR = 3.2, 95% CI: 2.4; 4.2). Doctors were 1.5 times more likely to participate
than nurses (multivariate adjusted OR = 1.5, 95% CI: 1.0; 2.1). Staff at regional hospitals were 4.8 times more
likely to participate than staff at university hospitals (multivariate adjusted OR = 4.8, 95% CI: 3.6; 6.2).

Non-significant positive trends were observed for years of experience and sick leave. Participation declined
slightly with increasing experience, with lower odds for those over 24 years (group-adjusted OR = 0.74, 95% CI:
0.46; 1.18). Very high sick leave (> 5%) was associated with reduced participation in the group-adjusted model
(OR = 0.71, 95% CI: 0.51; 0.99), but this was not significant in the multivariate model (OR = 0.91, 95% CI: 0.63;
1.33). Safety climate and perceptions of management showed favourable but non-significant ORs (OR = 1.3, 95%
CI: 0.9; 1.9).

Gender and age showed no significant associations. Mid-career professionals (35-44) had slightly higher
participation odds in the group-adjusted model (OR = 1.3, 95% CI: 1.0; 1.7), but this association was no longer
present in the multivariate model (OR = 0.96, 95% CI: 0.7; 1.4).

Discussion

To our knowledge, no previous studies specifically investigating which healthcare professionals engage in
simulation-based training within a clinical paediatric setting. This study addressed this gap by identifying key
factors influencing participation among paediatric department staff.

The significantly higher participation in the intervention group underscores the role of organisational focus and
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facilitation. Studies indicate that simulation uptake increases when sessions are embedded into work schedules
and supported by local facilitators or clinical leaders [14]. This suggests that institutional commitment and
resources are crucial in shaping participation patterns.

Age alone did not significantly influence participation after adjusting for professional group, gender and
workplace. While mid-career professionals (35-44 years) initially appeared more likely to participate,
confounders may have explained this association. The variation in participation suggests that mid-career
professionals may benefit from training formats aligned with their existing competencies and clinical
responsibilities [15, 16].

Differences in professional roles may explain the higher participation rates among doctors than nurses. In
paediatric departments, where nurses outnumber doctors, multi-professional training sessions may
inadvertently favour doctors. Mid-career doctors also frequently engage in simulation, further contributing to
this disparity. Sørensen et al. emphasised that well-structured simulations support team dynamics while
exposing systemic barriers [17]. To address this imbalance, monodisciplinary simulations tailored to nurses
could enhance relevance and preparedness [17].

Participation differences between regional and university hospitals highlight the influence of organisational
structures. University hospitals face greater clinical demands and complexity, possibly limiting opportunities for
simulation-based training [8]. One potential solution is integrating shorter, more frequent simulations into
clinical workflows, aligning with the "low dose, high frequency training" approach to maintain training quality
[17]. However, reducing session length would require careful content prioritisation, such as streamlining
briefing and debriefing or focusing on specific high-impact skills rather than comprehensive case management.
Securing administrative support remains crucial to ensure feasibility without compromising training
effectiveness [17].

Higher individual sick leave rates were associated with lower participation, likely due to practical barriers such
as scheduling conflicts or illness. While this association was significant in the group-adjusted model, it was not
significant in the multivariate analysis, suggesting additional influencing factors. Flexible scheduling or
embedding training within routine work structures may potentially mitigate this barrier and ensure broader
access.

No significant associations were found between years of experience, patient safety culture dimensions and
participation, possibly due to the sample size (n = 489), which may have limited statistical power. However, the
positive ORs for safety climate and perceptions of management suggest that these dimensions may still foster
engagement. A strong safety culture likely creates a psychologically safe environment where professionals feel
encouraged to participate, recognising its value for teamwork, communication and professional development [4,
18].Conversely, simulation-based training may reinforce safety culture by supporting peer learning and
clarifying roles during high-risk scenarios [19].How culture drives participation or vice versa remains unclear, as
these factors likely interact.

Lower participation among experienced staff may reflect perceptions that simulation challenges their expertise
or is less relevant to their roles. However, specialist training programmes often incorporate simulation,
engaging certain mid-career professionals more frequently. Given that career trajectories vary – nurses typically
reach mid-career earlier than physicians – tailored strategies are needed to accommodate different professional
pathways. Reframing simulation as a means to maintain clinical acuity in infrequently performed but critical
procedures [19].

Strengths and limitations
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The strengths of this study include its multi-site design across two healthcare regions and eight departments,
enhancing generalisability. Symmetric simulation registration over 15 months ensured accurate participation
data, while robust statistical analyses, including individual and multivariate logistic regression models, allowed
for assessing independent predictors. With a large sample of 1,825 healthcare professionals, the study was well-
powered to detect meaningful associations and trends, strengthening its reliability.

However, limitations exist. The use of self-reported questionnaires introduces a risk of reporting bias.
Additionally, the inability to distinguish trainee doctors from specialists may have limited insights into
participation patterns. The focus of this study on paediatrics in Danish healthcare may also limit its
generalisability to other departments or countries. While all simulations were conducted in situ, the absence of
data from off-site simulations may restrict the understanding of how the setting influences participation.
Nonetheless, these findings likely have broader relevance, as professional roles, institutional context and
training needs are common across healthcare systems [9, 20].

Conclusions

Our study highlights factors positively associated with healthcare professionals' participation in simulation-
based training, particularly staff in the 35-44-year age group, physician roles and affiliation with regional
hospitals. Tailoring training to the needs of early-career professionals, experienced staff and nurses may boost
engagement. Training formats that accommodate staffing realities and institutional constraints may support
more sustained participation.
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