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SUMMARY 

Technology-enhanced team training in obstetrics: design and evaluation.  

 

Obstetric care can be called a ‘risky business’, as the risk of a baby dying on the day of birth, is 

comparable to the risk of dying until the 92nd year of life. The quality of obstetric care is 

influenced by the quality of teamwork of the involved care teams. Unfortunately, these teams 

make errors, and 75% of these errors are related to a lack of teamwork and communication 

skills. In order to enhance the safety of mothers and their babies, it has been recommended to  

improve teamwork and communication skills. A proposed learning method is simulation-based 

obstetric team training. The ultimate goal of technology-enhanced obstetric team training is to 

improve patient safety by increasing the capability of care teams to manage emergency 

situations in a safe way. Development of such a training course requires a systematic approach 

in which training evaluation is an integral part. Evaluation comprises an iterative process, that 

serves the ongoing endeavours of designing an optimal training course. This thesis aims to 

provide insight into the effectiveness and design of technology-enhanced obstetric team 

training.  

Training evaluation – what we have learned from comparisons in the past 

In chapter 2, we performed a systematic search and review to identify the best assessment tool 

to evaluate obstetric teamwork performance in simulated settings. Out of six included tools, the 

Clinical Teamwork Scale had the best psychometric properties. Furthermore, the Teamwork 

Measurement Tool is also a promising tool, but the validation was not yet sufficient. The advice 

is to use them provisionally as a component of the program’s evaluation process, since the 

quality of evidence is still quite limited.  

We used the Clinical Teamwork Scale in chapter 3 to evaluate the effectiveness of a one-

day, simulation-based obstetric team training course in a simulation centre. This study was part 

of the TOSTI trial: a multicentre, cluster-randomised controlled trial with 24 Dutch obstetric units. 

The assessment of teamwork performance was performed at six to eight months after the 

intervention by using unannounced in situ simulations. This revealed a significantly higher score 

on the Clinical Teamwork Scale in the intervention group, compared to the group that received 

no training. In addition, predefined obstetric procedures for the management of two obstetric 

emergency situations were used significantly more frequent in the training group, as compared 

to the non-training group. 



In chapter 4 the same training course was evaluated at Kirkpatrick level four: patient 

outcome. Our study showed that the intervention was not able to reduce a composite outcome 

of obstetric complications, with a follow-up period of one year. Yet, a two-fold reduction in 

neonatal trauma due to shoulder dystocia was identified. In addition, a two-fold increase of 

invasive treatment for postpartum haemorrhage, including blood transfusion (>4 packed cells), 

embolisation or hysterectomy, was found. The other components of the composite outcome 

measure, and the secondary outcomes did not significantly differ between study groups.  

We recently conducted a Cochrane review to evaluate the effectiveness of simulation-

based obstetric team training (chapter 5). In this review simulation-based obstetric team training 

was compared with 1) no training, and 2) other type of training. Seven (cluster-) randomised 

studies were included, of which two studies were suitable to pool data from. The analysis 

showed a trend towards lower neonatal mortality and eclampsia after simulation-based 

obstetric team training. We concluded that simulation-based obstetric team training can be 

used to improve team performance in practice, and that it might contribute to improvement of 

patient outcome. It seems to be more effective to use simulation-based obstetric team training, 

rather than didactics, to improve team performance. Compared to didactics, it is unclear 

whether simulation-based obstetric team training leads to improvement of patient outcome or 

trainees' experience, due to a limited amount of low quality of evidence.  

Training design – implementation of current evidence in contemporary practice 

In chapter 6 we developed an evidence-based tool for the evaluation of the instructional design 

of simulation-based team training courses: the ID-SIM. The tool is based on the ten instructional 

design features defined by Issenberg et al., of which five correspond to the theory of deliberate 

practice. The ID-SIM is accessible as a mobile application, and contains a questionnaire of which 

the results are directly visualised in a propeller chart. The validation process revealed that the 

ID-SIM is a valid, reliable and useful assessment tool.  

One of the instructional design features that was poorly applied in the TOSTI trial was 

repetitive practice. In order to advance our knowledge on how to implement repetitive practice 

in simulation-based obstetric team training courses, we studied the effect on trainees’ 

satisfaction of repeating clinical scenarios in chapter 7. We demonstrated that a simulation-

based obstetric team training session with more repetitive elements is significantly rated lower 

by obstetric healthcare professionals. However, differences in scores were very small, thus 

limiting practical implications (8.8 versus 8.7, for the best practice and repetitive group 

respectively).  



To determine an appropriate training frequency, we evaluated the decline of the effect 

on patient outcome in the TOSTI trial in chapter 8. A post-hoc analysis was performed in which 

the follow-up period of one year was divided into quartiles. For the composite outcome, we 

found no significant differences in the intervention and control group over all quartiles. Yet, for 

trauma due to shoulder dystocia, we identified a significant positive effect that was restricted to 

the first quarter after team training. Also for postpartum haemorrhage, a similar effect was seen 

in the first quarter. Based on these findings, repetition of training every three months seems to 

be justified.  

Future perspectives – team behaviour and simulation-based obstetric team training 

To realise a future with fully communicative care teams, we need to refine our knowledge of 

team behaviour amongst other topics. In chapter 9, we explored the movement patterns of 

gynaecologists and other team members both before and after they received simulation-based 

obstetric team training. Before the first debriefing, we found that the time gynaecologists spent 

on walking was comparable to the rest of the group. After two additional scenarios, the 

gynaecologists moved significantly less than the other team members. Further research needs 

to correlate our findings with the quality of leadership and team performance. These efforts 

could eventually result in clear instructions during training, and in new possibilities for leadership 

assessment.  

Conclusion 

Based on this thesis, we recommend to use simulation-based obstetric team training for 

the improvement of patient safety. The ID-SIM can be used to design effective simulation-based 

team training courses. Ideally, training should be repeated every three months, and repetition of 

scenarios should be applied in such a way that the motivation of trainees is not affected 

negatively. Our results show that implementation of a simulation-based team training course 

contributes to an improvement of team performance, and the use of essential medical technical 

skills. Moreover, it contributes to improved patient outcome, especially to reduced trauma due 

to shoulder dystocia, and probably to reduced neonatal mortality. Our future work will focus on 

training course design, understanding of team behaviour, development of highly reliable 

healthcare systems, and innovation of educational technologies.  
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General Introduction 

       

“I clearly remember that day. Over, and over, I relive that situation, but the end is always the 

same. I didn’t speak up, it felt not appropriate, but would it have helped? Would the second child 

of this twin survived, if I had?” – resident OB/GYN 

 

 

A random example out of thousands in which suboptimal teamwork skills resulted in a medical 

error with disastrous effects for the patient. A baby dies due to the lack of such a common, every 

day skill: communication. This baby died and his family is traumatised for life, and the involved 

healthcare professionals struggle with the psychological consequences of these errors. All 

these healthcare workers promised in the start of their career ‘first, do not harm’, but 

unintentionally, they were not able to keep this promise.  

Preventable medical errors are present in all medical disciplines. Obstetrics is one of the 

acute care disciplines, in which errors may have serious consequences. Obstetric care can be 

called a ‘risky business’, as the risk of a baby dying on the day of birth, is comparable to the risk 

of dying until the 92nd year of life.1 The challenge we face in obstetrics, is caring for two patients 

at once, of which the most vulnerable of these two patients - the baby - is hidden in the womb. 

Like if we were not challenged enough: life-threatening conditions can happen at any moment, 

and can be poorly predicted. In these situations the compiled “on call” care team needs to 

manage the emergency situation in a split second. And of course, just like in other disciplines, 

this is the moment that small preventable errors can have disastrous effects for patients. 

Consequently, healthcare systems are exposed to expenditures due to negligence claims. 

Unfortunately, suboptimal teamwork and communication skills as a cause for 

preventable medical errors is not a new, and most of all, not a rare phenomenon.2-4 The Institute 

of Medicine report “To err is human” described between 44,000 and 98,000 deaths each year 

due to preventable medical errors, in which a lack of communication and teamwork skills were 

one of the identified causes.5 This report has triggered an increased attention for patient safety 

in the past two decades.6 Also in obstetric healthcare, consecutive enquiries have confirmed the 

presence of suboptimal communication and teamwork.2-4 In order to improve the quality of 

healthcare and patient safety, team training programs were recommended, including the use of 

(1) simulation, and (2) proven methods for working in teams. In addition, competencies related 
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to patient safety are integrated in the training of physicians in the recent years. This is 

established in frameworks like CanMEDS7, or the more recently developed CanBetter.8 These 

frameworks describe the abilities which are necessary to meet the healthcare needs of the 

people they serve. However, the ambition of creating a fully communicative and effective care 

system to improve patient safety, should still be placed within a realistic scope: despite optimal 

conditions, people will get sick and some of them will die. 

 

Simulation-based medical education 

To achieve improvement of communication and teamwork skills, education is required. One way 

of doing that is by the use of simulation-based medical education. Simulation is defined by David 

Gaba as: “a technique, not a technology, to replace or amplify real experiences with guided 

experiences that evoke or replicate substantial aspects of the real world in a fully interactive 

manner”.9 An important advantage of simulation is the opportunity it provides for acquiring skills 

without the risks of harming patients. It is an attractive learning method in medical education as 

it perfectly adapts the requirements for adult learning. Adult learning is theorised by David Kolb.10 

The underlying idea of his learning cycle is the continuous process whereby knowledge is 

created through transformation of experience. Regarding Kolb’s learning cycle, learners should 

involve themselves in new experiences and be able to reflect on, and observe, their experiences. 

They must be able to create concepts based on their experiences, which in turn can be used to 

make decisions and solve problems. Simulation-based education provides the ability to go 

through Kolb’s learning cycle and achieve competencies for skills.  

Simulation-based education is also a valuable method for developing expertise, as it 

provides opportunities for deliberate practice. Deliberate practice involves full engagement of 

trainees into a systematic process of well-defined goals, that are guided by a teacher, to learn 

new activities.11 It is more than just practicing, it is focused on continuous improvement of skills. 

This type of learning seems to be the main distinctive factor which determines whether expert 

performance will be achieved, in contrast to the longstanding belief that expert performance is 

determined by length of experience, reputation and perceived mastery of knowledge and skills.12 

The educational theories of Kolb and Ericsson are the foundation of the effectiveness of 

simulation-based medical education for the acquisition of skills and expertise.  

Since the first obstetric mannequins date back to the 17th century, simulation is not new 

to obstetrics.13 One of the most regarded mannequins from that time was developed by midwife 

madame du Coudray, who was a pioneer in midwifery training. Her mannequin, also referred to 

as “The Machine”, was an anatomically correct, life-size pelvis, made of wicker, flesh-colored 
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fabric, leather, and stuffing.14  It was mostly used by students and midwives to practice 

(individual) obstetric skills. Nowadays, the enormous advances in computing power, technology 

and robotics have contributed to the development of so-called ‘high-fidelity’ mannequins. 

Modern mannequins can speak, shake, bleed, and give birth, while they are controlled from a 

distance.  

Team training 

Simulation is not only used for education of individual obstetric skills15-18, but simulation has 

also become an increasingly popular method for training of obstetric care teams.19,20 The 

ultimate goal of team training is to improve patient safety by increasing the capability of care 

teams to manage emergency situations in a safe and efficient way.  

Simulation-based obstetric team training programs can be used for the education of 

clinical skills (technical skills), teamwork skills (non-technical skills), or both. Teamwork is 

defined as those behaviours that facilitate effective team member interaction.21 It includes, 

amongst others, behaviours like leadership, communication, situational awareness and 

decision-making. Improvement of communication and teamwork skills contributes to patient 

safety in two ways: first, teamwork errors can be prevented, and, second, a system can be 

created in which other (medical) errors can be detected and solved, before they reach the 

patient. Prevention of errors is more and more oriented towards a systems approach, shifting 

away from individual blaming.  

A proven method for working in teams is crew (or Cockpit) resource management (CRM) 

training which originated from a NASA workshop in 1979 that focused on improving air safety. 

The NASA research presented at this meeting showed that the primary cause of the majority of 

aviation accidents was human error, and that the main problems were failures of interpersonal 

communication, leadership, and decision making in the cockpit. CRM can be defined as a 

management system which makes optimum use of all available resources – equipment, 

procedures and people – to promote safety and enhance the efficiency of e.g. flight operations 

or medical emergencies.22  

Evaluation of simulation-based obstetric team training 

Since simulation-based obstetric team training was proposed to improve patient safety, 

investments in this methodology should be evaluated. Training evaluation can be done by using 

Kirkpatrick’s theoretical model.23 This model contains four levels (Figure 1), starting at the 

bottom with the reaction (satisfaction after training) of trainees. The next level examines the 

improvement of knowledge and skills. Level three refers to the implementation of learned 
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skills, knowledge and behaviour into clinical practice. At the fourth level, the effect of training on 

measurable clinical outcomes is evaluated.  

 

 

 

 

 

 

 

Figure 1. The Kirkpatrick model 

Evaluation of team training showed better capabilities of trainees for dealing with fatigue, 

teambuilding, communication, recognition of dangerous situations and    decision-making.24 

However, without simulation, team training did not lead to improvement of maternal and 

neonatal outcomes.25 Combining team training didactics with simulation, resulted in a trend 

towards better teamwork behaviour within emergency department staff.26 In obstetrics, 

simulation-based team training courses have been studied and the amount of studies has 

expanded over recent years. A positive effect on trainees attitude, perception of performance, 

knowledge, clinical management, and task completion was demonstrated.27-32 The introduction 

of simulation-based obstetric team training programs was also associated with positive effects 

on patient outcome, like the adverse outcome index, shoulder dystocia, and asphyxia.33-35 

However, most of these trials were non-randomised studies, and a comparison with no 

intervention was missing. For this reason, we initiated a randomised trial (TOSTI trial), evaluating 

the effect of simulation-based obstetric team training on Kirkpatrick level three and four.  

The pursuit of creating effective simulation-based (obstetric) team training courses, 

especially on Kirkpatrick level three and four, faces many challenges. Evidence from systematic 

reviews has taught us that there are essential features involved in the creation of effective 

training courses.36-38 In the earlier years there was more attention for having the most advanced 

and computerised mannequins, but now the importance of a robust instructional design has 

become leading. Instructional design is defined as the theory and practice of design, 

development, utilisation, management, and evaluation of processes and resources for 

learning.39 It is hypothesised that the application of effective instructional design features will 

lead to more effective training courses. 
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Outline thesis 

The main purpose of this thesis is to contribute to the knowledge on how we should provide 

effective simulation-based obstetric team training courses to improve patient safety. Towards 

this goal, we first focused on the evaluation of effectiveness of simulation-based team training 

courses in the past. Then we have put the current evidence into practice, and focused on the 

design of effective simulation-based team training courses. From there on, future perspectives 

about simulation-based obstetric team training and research in medical education are 

discussed.  

This thesis aims to answer the following questions about training evaluation, training design and 

future perspectives of effective simulation-based obstetric team training courses:  

Training evaluation – what we can learn from comparisons in the past 

1. What is the best validated assessment tool to evaluate teamwork performance in obstetric 

simulations? 

2. What is the effectiveness of a one-day, simulation-based obstetric team training in a 

simulation centre, on teamwork skills and medical technical skills in practice? 

3. How does a one-day simulation-based obstetric team training in a simulation centre 

impact patient outcome? 

4. What is the current evidence on effectiveness of simulation-based obstetric team training 

courses? 

Training design – putting current evidence into practice 

5. Which instructional design features are needed to design an effective simulation-based 

team training? 

6. How to apply the instructional design feature ‘repetition’ in simulation-based obstetric 

team training to achieve effective learning? 

Future perspectives – team behaviour and simulation-based obstetric team training 

7. Does simulation-based obstetric team training changes the walking behaviour of team 

members? 

 

These questions are addressed in eight studies, comprising a (cluster-) randomised controlled 

trial, systematic reviews and a validation study. The results of these trials are presented in the 

current thesis.  
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Chapter 2 aims to answer question 1 by systematically reviewing the literature on valid 

assessment tools for teamwork performance.  

Chapter 3 presents the effectiveness of a one-day, simulation-based obstetric team training 

course, which was provided in a simulation centre. Question 2 was answered by evaluating the 

effect on communication, teamwork and the use of essential medical skills. This was part of the 

TOSTI trial: a multicentre, cluster-randomised study.  

Chapter 4 answers question 3 while assessing the effect on patient outcome of a one-day, 

simulation-based obstetric team training, provided in a simulation centre. This large, multicentre, 

cluster-randomised trial was referred to as the TOSTI trial. In total, 24 Dutch obstetric units were 

randomised in two study groups (intervention versus control).  

Chapter 5 aims to answer question 4 by performing a Cochrane review of all randomised studies 

that evaluated the effect of simulation-based obstetric team training. 

Chapter 6 presents the development and first validation of the ID-SIM. The ID-SIM is a tool that 

can be used to design and evaluate the instructional design of simulation-based team training 

courses, referring to question 5. 

In Chapter 7, two simulation-based obstetric team training courses were compared in which the 

instructional design feature “repetition” differed. The effect on trainees’ satisfaction was studied. 

This chapter provides more insight on the effect of repetition of training, thus answering 

question 6. 

Chapter 8 presents the results of a post-hoc analysis of the TOSTI trial in which the decline of 

the effect on patient outcome over one year was studied. It contributes to our knowledge about 

the appropriate time interval to rehearse skills, related to question 6. 

In Chapter 9 a first project in order to answer question 7 is described. In this pilot study, we 

explored the movement patterns of gynaecologists and other team members before and after 

they received simulation-based obstetric team training. 

Chapter 10 provides a general discussion of the results presented in this thesis. Opportunities 

and suggestions for further research are provided. 

Chapter 11 and 12 consists of an English and Dutch summary of the results presented in this 

thesis. 
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ABSTRACT 

Teamwork performance is an essential component for the clinical efficiency of 

multiprofessional teams in obstetric care. As patient safety is related to teamwork performance, 

it has become an important learning goal in simulation-based education. In order to improve 

teamwork performance, reliable assessment tools are required. These can be used to provide 

feedback during training courses, or to compare learning effects between different types of 

training courses. The aim of the current study is to (1) identify the available assessment tools 

to evaluate obstetric teamwork performance in a simulated environment, and (2) evaluate their 

psychometric properties in order to identify the most valuable tool(s) to use. We performed a 

systematic search in PubMed, MEDLINE, and EMBASE to identify articles describing 

assessment tools for the evaluation of obstetric teamwork performance in a simulated 

environment. In order to evaluate the quality of the identified assessment tools, the standards 

and grading rules have been applied as recommended by the Accreditation Council for Graduate 

Medical Education (ACGME) Committee on Educational Outcomes. The included studies were 

also assessed according to the Oxford Centre for Evidence Based Medicine (OCEBM) levels of 

evidence. This search resulted in the inclusion of five articles describing the following six tools: 

Clinical Teamwork Scale, Human Factors Rating Scale, Global Rating Scale, Assessment of 

Obstetric Team Performance, Global Assessment of Obstetric Team Performance, and the 

Teamwork Measurement Tool. Based on the ACGME guidelines we assigned a Class 3, level C 

of evidence, to all tools. Regarding the OCEBM levels of evidence, a level 3b was assigned to two 

studies and a level 4 to four studies. The Clinical Teamwork Scale demonstrated the most 

comprehensive validation, and the Teamwork Measurement Tool demonstrated promising 

results, however it is recommended to further investigate its reliability.  
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INTRODUCTION 

There is more to clinical performance of obstetric teams than individual knowledge and 

technical skills. An essential component underlying the variation in clinical performance is 

teamwork.1 In the current study we refer to teamwork when using the term “teamwork 

performance”. This term stands for the performance of the teams as a collective, instead of the 

individual performance of the team members. It consists of teamwork behaviours, including 

interpersonal (e.g. communication, leadership) and cognitive skills (e.g. decision making, 

planning, situational awareness).2 Since teamwork performance in healthcare is associated with 

both effective and safe healthcare,3-5 education and research on this topic is needed.  

A successful learning method to improve teamwork performance is simulation-based 

team training.6-8 However, for such training to be effective, it should include reliable 

measurement of performance as described by the theory of deliberate practice.9-10 To meet this 

requirement, validated assessment tools can be used. These tools support two purposes; on 

the one hand they provide objective feedback, on the other they enable reliable comparison 

between different types of team training courses. It is preferable that these tools are developed 

and validated within the medical specialty of interest. This is especially pertinent to obstetrics, 

where discipline-specific teamwork behaviours have been identified.11  

When using assessment tools, one should consider their psychometric characteristics. 

The Accreditation Council for Graduate Medical Education (ACGME) Committee on Educational 

Outcomes has proposed a set of standards, grading rules and summary rules for evaluating the 

quality of assessment methods.12 The ACGME guidelines include standards of six topics: 

reliability, validity, ease of use, resources required, ease of interpretation, and educational 

impact. The desired weight of each topic depends on the specific assessment conditions.13  

The aim of the current study is to (1) identify available assessment tools to evaluate 

obstetric teamwork performance in simulated settings and (2) report on their psychometric 

properties in order to identify the most valuable tool(s) to use. The provided overview can 

support users while choosing an appropriate assessment tool, based on their educational 

needs. An additional advantage is reserved for tool developers, as this overview makes it 

possible to put future assessment tools into perspective.  

METHODS  

Search 

A systematic search was performed to select all available validated assessment tools for the 

evaluation of teamwork performance (at team level) in simulated settings. The search was 
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performed with the assistance of a professional medical research librarian. The electronic 

databases of PubMed, MEDLINE and EMBASE were searched for articles between June 1975 

and June 2016, without any language restrictions. Additional articles were identified by 

handsearching the references of included articles. The search strategy included four categories: 

simulation, teamwork skills, assessment and obstetrics. For this search, also Medical Subject 

Headings (MeSH) were used. The complete search strategy can be found in Appendix A in 

Supplementary material.  

Definitions  

Teamwork performance is the performance measured at the level of the team, which concerns 

teamwork behaviours. These skills can be broadly divided into two groups: (a) cognitive or 

mental skills (such as decision making, planning, and situational awareness) and (b) social or 

interpersonal skills (such as teamwork, communication, and leadership).14  

Simulated environments are medical simulation-based environments that resemble 

reality. They can be used for educational or qualification purposes, in which medical issues can 

be managed without the risks of real patient care.  

In- and exclusion of studies  

Titles and abstracts were screened to judge their eligibility for inclusion. Studies referring to 

assessment tools for teamwork performance in simulated settings were included. The 

validation process had to be presented. We excluded studies describing assessment tools for 

medical technical skills, teamwork performance in other medical specialties than obstetrics, 

and/or teamwork skills at the individual level. Likewise, tools validated for non-medical or 

undergraduate healthcare professionals were excluded. Conference abstracts and meeting 

proceedings were also excluded.  

Selection of studies  

Two reviewers independently reviewed the titles and abstracts. Full articles and references were 

retrieved whenever the reviewers could not decide on eligibility or when reviewers disagreed. A 

standardised coding form was created to indicate the reason for in- or exclusion and to collect 

handsearched references of interest. In case of any disagreement between reviewers, a third 

reviewer was consulted. In case of missing data or doubts about eligibility, authors were 

contacted by e-mail.  

Data extraction  

Data regarding tool characteristics, development, and validity of the tool were extracted. 

Psychometric properties, including validity and reliability measurements, were extracted with a 
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standardised data form. Validity refers to the extent to which the tool is actually measuring what 

it claims to be measuring (e.g. construct validity, content validity). Reliability refers to the ability 

of the assessment tool to reproduce results under a same condition (e.g. interrater reliability, 

test-retest reliability). In addition to these psychometric properties, data concerning usefulness 

properties were collected. These properties are listed under the heading “Usefulness” and 

include: ease of use, resources required, ease of interpretation and educational impact 

(Appendix B in Supplementary material). The outcome measures of interest were retrieved from 

the full articles by two independent reviewers, in duplicate. Disagreement between reviewers 

was solved by consensus, and if necessary, by consulting a third reviewer.  

Quality evaluation of included assessment tools  

The guidelines proposed by the ACGME Committee on Educational Outcomes were applied to 

evaluate the assessment tools’ quality. We have chosen to use these guidelines as they provided 

a set of standards for psychometric and usefulness properties (Appendix C in Supplementary 

material). Besides, they describe useful grading rules for an overall evaluation of the quality of 

the assessment method and the level of evidence (Table 1).12 Swing et al. mentioned that the 

ACGME guidelines are therefore more objective than other evaluation criteria.12 According to the 

ACGME guidelines, the psychometric and usefulness properties possess the following topics: 

validity, reliability, ease of use, resources required, ease of interpretation, and educational 

impact. In the current study, two independent researchers applied the ACGME guidelines, using 

a standardised form. Subsequently, a grading for an overall recommendation, and a level of 

evidence (Table 1), was assigned by each independent reviewer. Disagreement between 

reviewers was solved by consultation of the third reviewer. The two independent reviewers 

additionally assessed all included studies according to the Oxford Centre for Evidence Based 

Medicine (OCEBM) levels of evidence for diagnostic studies.15 Disagreement between reviewers 

was solved by consensus.  
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Table 1. Accreditation Council for Graduate Medical Education (ACGME) Summary Recommendations.  

Grading for the Overall Recommendation 

Class 1 The assessment method is recommended as a core component of the program’s evaluation system. 

Class 2 The assessment method can be considered for use as one component of the program’s evaluation system. 

Class 3 The assessment method can be used provisionally as a component of the program’s evaluation process. 
Significant gaps in understanding of the assessment’s value remain, so methods in this class are best suited 
for investigational research. 

Criteria for Determining Level of Evidence 

Level A Published data from methodologically sound evaluation studies of the method in multiple (more than 2) 
settings provides strong evidence for all components of the modified utility index (reliability, validity, ease of 
use, resources required, ease of interpretation, and educational impact). 

Level B Published data from methodologically sound evaluation studies of the method in a minimum of two settings 
provides some evidence of acceptable reliability and some evidence of validity and, ease of use, and 
educational impact. Acceptable evidence for ease of interpretation is available for methods used to make high-
stakes decisions. Available evidence for ease of use and resources required suggests that the tool is usable by 
many programs. 

Level C Data from methodologically sound evaluation studies of the method provide evidence of acceptable reliability, 
validity, or educational impact. Available evidence for ease of use and resources required suggests that the 
tool is usable by many programs. 

 

RESULTS  

Search results  

A total of 439 studies was identified with the search (Figure 1). Exploration of all references used 

in these reports yielded another 17 studies. After removing all duplicates 382 studies remained. 

Among these studies, 267 studies were excluded based on their title and/or abstract because 

they were a conference abstract, reported on assessment tools for medical technical skills, or 

because validation was performed within other medical specialties. The exclusion of these 

studies resulted in 115 studies of which the full article has been assessed by at least two 

independent reviewers. Of these studies, 31 were excluded since they did not report on validated 

assessment tools, 25 did not focus on teamwork performance, 28 concerned another medical 

specialty, and 26 were only a conference abstract. We have sought the opinion of a third reviewer 

for four of these articles,5,16-18 of which three were excluded.16-18 Furthermore, we contacted six 

authors by e-mail, to verify whether the inclusion criteria were met. Three authors did not reply 

(including one reminder), one provided us with two published articles on the subject, one replied 

that there was no additional information, and one research group responded that their 

manuscript is submitted, but unfortunately not yet published. This resulted in five studies which 

were appropriate for inclusion, reporting on six assessment tools.5,19-22  

Included assessment tools  

The six assessment tools that were developed and validated for the evaluation of obstetric 

teamwork performance in a simulated setting are: Clinical Teamwork Scale (CTS)19, Human 

Factors Rating Scale (HFRS)20, Global Rating Scale (GRS)20, Assessment of Obstetric Team 
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Performance (AOTP)21,22, Global Assessment of Obstetric Team Performance (GAOTP)21-22 and 

the Teamwork Measurement Tool (TMT)5. The characteristics of the assessment tools and the 

design of the validation process are presented in Table 2.  

The most common teamwork behaviours included in the tools were: communication, 

situational awareness, leadership, and decision making. All studies included postgraduate 

healthcare professionals working within multiprofessional obstetric care teams. Apart from the 

studies by Siassakos et al.5 and by Guise et al.19, the participating obstetric care teams were 

multidisciplinary, meaning that their care teams also included an anaesthesiologist and/or 

family medicine doctors. The AOTP and GAOTP were the only tools that were studied in two 

settings, of which Tregunno et al. especially focused on the usefulness of these tools.21-22 Five 

out of six tools used a Likert response scale with behavioural anchors.19-22 

 

 

Figure 1. Flow diagram demonstrating an overview of the selection process.  
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Table 2. Characteristics of included assessment tools. 

Assessment tool Items Type of item 

response 

Medical 

specialties 

involved  

Setting for validation Number of 

raters 

No. of 

assessments 

for validation 

Clinical 

Teamwork 

Scale19 

15 

 

0-10 rating 

scale (and 1 

Yes/No item) 

Obstetrics 3 scripted simulated 

scenarios (with different 

predefined levels of 

performance) 

3 raters 9 ratings 

Human Factors 

Rating Scale 

(HFRS)20 

45 5 point 

Likert-scale 

Obstetrics, 

anaesthesiology 

12 simulated scenarios 

(4 clinical situations) 

9 raters for 

reliability 

measures 

108 ratings for 

reliability 

measures 

Global Rating 

Scale (GRS)20 

1 5 point 

Likert-scale 

Obstetrics, 

anaesthesiology 

12 simulated scenarios 

(4 clinical situations) 

9 raters for 

reliability 

measures 

108 ratings for 

reliability 

measures 

Global 

Assessment  

of Obstetric 

Team 

Performance 

(GAOTP)21,22 

6 5 point 

Likert-scale 

Obstetrics, 

anaesthesiology 

12 simulated scenarios 

for usefulness (4 clinical 

situations) of which 3 

for reliability measures 

14 raters for 

usefulness;  

3 raters for 

reliability 

measures 

9 ratings for 

reliability 

measures; 168 

ratings for 

usefulness 

6 5 point 

Likert-scale 

Obstetrics, 

anaesthesiology, 

family medicine 

136 simulated 

scenarios (4 clinical 

situations) 

8 raters for 

reliability 

1088 ratings 

for reliability 

measures 

Assessment of 

Obstetric Team 

Performance 

(AOTP)21,22 

18 5 point 

Likert-scale 

Obstetrics, 

anaesthesiology 

12 simulated scenarios 

for usefulness (4 clinical 

situations) of which 3 

for reliability measures 

14 raters for 

usefulness; 3 

raters for 

reliability 

measures; 

9 ratings for 

reliability; 168 

ratings for 

usefulness 

16 5 point 

Likert-scale 

Obstetrics, 

anaesthesiology, 

family medicine 

136 simulated 

scenarios (4 clinical 

situations) 

8 raters for 

reliability 

measures 

1088 ratings 

for reliability 

measures 

Teamwork 

Measurement 

Tool (TMT)5 

7 Multiple 

choice, 

counting of 

events, 

assigning of 

score 

Obstetrics 19 simulated scenarios 

(1 clinical situation) 

2 raters 38 ratings 

 

Development of assessment tools  

The used procedure for content selection was extensively described for the AOTP,21-22 GAOTP, 

21-22 and TMT5
. For the development of the AOTP and GAOTP the researchers combined the 

following techniques to generate a list of themes and subthemes: narratives of teamwork 

behaviours by trainees, focus group sessions, literature reviews, statistical analysis methods, 

and expert opinions.21-22 For the development of the TMT a literature study was performed to 

create a list of teamwork behaviours derived from evaluation studies,5 which was discussed and 

transformed by a multiprofessional steering group. Subsequently, it was assessed whether the 

chosen teamwork behaviours were observable and measurable in video recordings of obstetric 

simulation-based scenarios. For the CTS, HFRS and GRS, the selection procedure of content 



Assessing teamwork performance in obstetrics: a systematic review 

 

31 
 

was described briefly.19-20 Regarding the item selection of the CTS, the authors only described 

that this was based on the principles of crew resource management.19 The HFRS was adapted 

minimally from the Operating Room Management Attitudes’ Questionnaire (ORMAQ) for the use 

in obstetrics. The specific adjustments and the rationale for these changes were not described. 

The same authors provided no information about the content development of the GRS.20  

Validity  

Construct validity, meaning evidence that supports that the assessment tool is measuring the 

construct which is intended - i.e. teamwork performance - was determined for the CTS19 and the 

TMT5. For the CTS, construct validity was assessed by comparing the distribution of scores, and 

raters’ median scores, with the predefined teamwork level. Overall, they found that 60 to 82% of 

the scores fell within the predefined ranges. The median scores of all assessments (nine ratings) 

corresponded well with the predefined teamwork levels (100% within the predefined ranges). As 

a proof of construct validity, Siassakos et al. demonstrated significant correlations between 

several items on the TMT and specific categories of the Weller scale (a global rating scale which 

was validated using videotapes from an Anaesthesia Crisis Resource Management course).23 

Content-related validity was described for the AOTP22, GAOTP22, and TMT5. Criterion-related 

validity was not reported in any of the studies.  

Reliability  

Reliability is considered in terms of internal consistency and reproducibility. Internal consistency 

measures whether items that intend to measure the same, have similar scores. It is based on 

the correlation of the scale’s items.24 One study, referring to two tools (AOTP and GAOTP), 

presented good internal consistency for both tools.21 Reproducibility is defined as the stability 

of an instrument over time (test-retest), and interrater agreement at one point in time. Interrater 

reliability is determined for four assessment tools: good interrater reliability for the CTS19, and 

poor interrater reliability for the HFRS, GRS and GAOTP20,21. Test-retest reliability was only 

determined for the AOTP and GAOTP, and appeared to be moderate.21 All reliability measures 

are presented in Table 3.  

Usefulness 

Ease of use  

All assessment tools were easily accessed and carried out. For one tool, the AOTP22, the authors 

evaluated the time to complete the assessment tool. The median time to complete this tool was 

7.5 min (ranged from 1.5 to 50 min), which was evaluated as moderate and manageable by the 

raters.  
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Resources required  

No additional resources were required to use the assessment tools. However, the raters of the 

AOTP and GAOTP took part in an eight hour workshop.21 For the CTS19, GRS20 and HFRS20, this 

was not provided and the authors of the TMT5 did not report on this item. Although all 

assessment tools could be used by individual raters, evidence for validity and/or reliability of 

some tools was based on the combination of scores obtained from more than one rater (TMT5, 

GRS and HFRS20).  

Ease of interpretation  

All tools used an easy to understand scale. The CTS was the only assessment tool for which 

some form of normative data was presented19. The authors used a 10-point rating scale with 

three predefined levels of team performance which resulted in median scores for each level 

(poor/fair – average – good/perfect). Obtained scores can be compared with these predefined 

data.  

Educational impact  

Educational impact refers to the effect of the assessment tool on the performance of trainees 

or the curriculum program. As improvement of trainees’ performance is a main reason to use 

an assessment tool, the ACGME guidelines recommend to evaluate its educational impact. 

However, none of the included studies investigated the educational impact.  

Overall ACGME grading  

By using the standards for tools and summary recommendations, an overall ACGME grading for 

each tool and a grading for each of the six topics were assigned (validity, reliability, ease of use, 

resources required, ease of interpretation, and educational impact; reported in Appendix B in 

Supplementary material).12 None of the studies received the highest ACGME grade (A) for 

validity nor reliability. All studies received the middle grade (B) for ease of use. The CTS is the 

only tool that provided evidence to justify the highest grade for resources required.19 None of 

the tools reached the highest grade for ease of interpretation. Finally, none of the tools provided 

any information about educational impact.  

All assessment tools received a level C of evidence (see Table 3). Although the CTS 

received the highest ACGME grades, the validation was limited to one study, which implies a 

level C of evidence. Consequently, a Class 3 overall recommendation was applied to all 

assessment tools which means they can be used provisionally as a component of a program’s 

evaluation.  
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Risk of bias  

All included studies were assessed according to the Oxford Centre for Evidence Based Medicine 

(OCEBM) levels of evidence for diagnostic studies (Table 3). Two studies5,19 offered level 3b 

evidence, owing to non-consecutive cohorts. All other studies consisted of level 4 evidence due 

to poor or non-independent reference standards.20-22  

In all studies, teamwork performance was assessed by independent and blinded 

raters.5,19-22 Morgan et al. (AOTP and GAOTP) reported blinding of the raters to the sequence of 

the training sessions. They additionally randomised the scenario order for each rater to 

minimise a learning effect.21 For the validation process of the CTS, video recordings of teams 

were unidentified for the raters and viewed in no specific order.19 The validation of the TMT 

included a randomised order and the authors were blinded to the site, timing, and type of 

training.5 The authors of the HFRS and GRS did not report on blinding or randomisation of the 

videos used for validation.20  

DISCUSSION  

This systematic search and review provides an overview of the available validated assessment 

tools for the evaluation of obstetric teamwork performance in simulated settings. The included 

assessment tools resulted from a systematic literature search and were critically appraised for 

the quality of their psychometric and usefulness properties. This review demonstrates that 

several assessment tools for obstetric teamwork performance in simulated settings are 

available but the evidence supporting their psychobmetric properties remains quite limited.  

We concluded that the Clinical Teamwork Scale by Guise et al. possesses the best 

psychometrics from the six included assessment tools in this review.19 The authors were able 

to demonstrate a good reliability and validity, and the tool was easy to use. However, the 

educational impact of the assessment tool was not examined, similar to the validation of the 

other assessment tools. Therefore, we assigned a C level of evidence and an overall 

recommendation Class 3 to the CTS. However, more research is desirable, including a larger 

number of raters and scenarios. More research is also needed for the TMT5, especially to explore 

whether the TMT can distinguish between different levels of performance. Both studies received 

a level of evidence 3b, according to the Oxford Centre for Evidence Based Medicine (OCEBM).  

With regard to the evaluation of assessment tools for teamwork performance in medical 

simulation settings, we encountered one other systematic review, which focused on hospital 

action teams.25 They identified six tools for the assessment of team-centric communication in 

hospital action teams: Team Emergency Assessment Measure (TEAM),26 Trauma Non-  
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Table 3. Psychometric and usefulness properties of the assessment tools.  

* This relates to the ACGME Evidence Grade and Overall Recommendation (see Table 1).  ICC: intraclass correlation coefficient 

Assessment tool  Validity Reliability Usefulness  Grade * 

Clinical Teamwork  
Scale (CTS)19 

Construct validity: 60-82% of scores fell in 
the predefined teamwork level. 

Interrater reliability, Pearsons r: 0.94-0.96; ICC: 0.98. 
Overall agreement, Kappa: 0.78. Concordance, 
Kendall coefficient: 0.95. Largest variance due to 
rater - item interaction; variance due to the rater 
was low (0 – 0.299) 

Completeness ranged from 88.9-100%. 
Accurateness: 12 items had 100% accuracies (± 
1 point), 3 items had accuracies of 66.7-88.9%. 
No tool-specific training, evaluators were familiar 
with crew resource management. Clear 
guidelines. 

C; Class 2 

Human Factors Rating 
Scale (HFRS)20 

Details not discussed Interrater reliability, (single-rater) ICC: 0.341; (nine-
rater) Cronbach’s α: 0.823 

Details not discussed C; Class 3 

Global Rating Scale 
(GRS)20 

Details not discussed Interrater reliability, (single-rater) ICC: 0.446; (nine-
rater) Cronbach’s α: 0.879 

Details not discussed C; Class 3 

Assessment of 
Obstetric Team 
Performance 
(AOTP)21,22 

Details not discussed Internal consistency, pre-training Cronbach’s α: 
0.829; post-training Cronbach’s α: 0.914 

Ease of use: all strongly agreed. Median amount 
of time: 7.5 min (1.5-50 min); Time requirement: 
moderate and manageable by 75% of reviewers. 
Ease of interpretation: 13/14 strongly agreed. 
Investigated effect of training. 

C; Class 3 

 

 

Details not discussed Internal consistency, Cron-bach’s α:  0.96. Test-
retest reliability, Pearsons r: 0.47. 

Reviewers attended an 8h workshop.   

Global Assessment of 
Obstetric Team 
Performance 
(GAOTP)21,22 

Details not discussed Internal consistency, Cronbach’s α: 0.91. Interrater 
reliability, (single-rater) ICC: 0.34; (eight-rater) Cron-
bach’s α: 0.81. Test-retest reliability, Pearsons r: 
0.47. 

All reviewers strongly agreed with ease of use. 13 
of 14 reviewers strongly agreed with ease of 
score interpretation. 

C; Class 3 

Details not discussed Pre-training internal consistency, Cronbach’s α: 
0.679. Post-training: 0.868. Interrater reliability, pre-
training ICC: 0.54; post-training ICC: 0.94. 

Reviewers attended an 8h workshop.  

Teamwork 
Measurement Tool 
(TMT)5  

Construct validity: stating emergency τ: -
0.59; SBAR τ: 0.43; task allocation τ: 0.41; 
Room exits τ: -0.36; Situation awareness 
τ: 0.38; Supportive language τ: 0.44. 

Details not discussed Details not discussed C; Class 3 
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Technical Skills Scale (T-NOTECHS)27, Simulation Team Assessment Tool (STAT)28, Trauma 

Team Communication Assessment (TTCA), Communication and Teamwork Skills (CATS)29, 

Observational Teamwork Assessment for Surgery (OTAS)30. A similar limitation of validity 

evidence, similar to our review, has been acknowledged by the authors.25 The lack of information 

on the validity of assessment tools of teamwork performance is surprising, since training 

courses are increasingly focusing on the education of these skills. To ensure effective education 

of these skills, validated assessment tools are required. Of course one could argue that a 

subjective debriefing session is sufficient for providing a reliable and valid assessment. 

However, high stakes testing of trainees and obtaining robust evidence from educational 

research should profoundly rely on validated assessment methods. For the standardisation of 

the validation processes we recommend to use the ACGME guidelines.12  

The ongoing debate about standards for teamwork performance could be an 

explanation for the limited quality of the applied validation processes. The lack of a gold 

standard, which can be used to test construct validity, makes this even more complicated. 

Researchers use different sources to overcome this problem, for example the comparison with 

other validated teamwork assessment tools, and/or the use of expert opinions. Studies in which 

standards for obstetric teamwork performance are developed (such as Siassakos et al.5) 

provide a valid starting point for new assessment tools. Moreover, exploring other techniques 

for the assessment of obstetric teamwork performance might contribute to the development of 

a gold standard. This could, for example, include movement behaviour of team members.  

The strength of this review lies in the systematic way in which the quality of the available 

tools has been evaluated. The applied ACGME grading supplies the readers with a useful 

synopsis of available tools and guide them in choosing the most appropriate tool for their 

educational needs. Although we consider the application of the ACGME guidelines as an 

important strength of our study, a downside should be acknowledged. In practice, applying the 

grading rules was not always easy. This especially concerns the overall recommendation, as 

there were no explicit criteria described by the ACGME. Nonetheless, the two independent 

reviewers of the current study initially differed only about one study and easily reached 

consensus about the final recommendation. Despite this limitation of the grading rules, we 

found them very helpful in exploring the quality of the applied validation processes of the 

included assessment tools.  

Several other limitations of our study should be acknowledged. In general, the quality of 

the applied validation processes was rather limited. This is important to keep in mind when 

interpreting the results of our review. Nevertheless, our review provides researchers with a 
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useful guide for developing new, or validating existing, assessment tools. Secondly, we 

deliberately focused on the validation for simulated settings for obstetric teams. In the studies 

of Siassakos et al.5 and Guise et al.19, there were no multidisciplinary teams included for the 

validation of assessment tools. Whenever these tools would be used in clinical practice with 

multidisciplinary teams, the psychometric characteristics could be different. However, with 

regard to the defined teamwork behaviours in the assessment tools, we do not expect any 

differences in clinical practice. Therefore, applying these tools in daily practice might be possible 

and could support constant improvement of teamwork performance. Finally, we focused only 

on obstetrics. Since Bahl et al. have demonstrated the domain-specificity of teamwork 

behaviours in obstetrics,11 we can imagine that the same holds true for other specific domains 

(e.g. surgery, anaesthesiology and paediatrics). We therefore recommend recognition of the 

domain-specific nature of teamwork behaviours.  

In conclusion, several assessment tools for obstetric teamwork performance in 

simulated settings are available but the evidence supporting their psychometrics remains quite 

limited. Based on a systematic evaluation of the instruments’ quality using the ACGME 

guidelines, we concluded that the Clinical Teamwork Scale19 has the most comprehensive 

validation process, and the TMT5 is a promising tool of which the reliability must further be 

investigated. Moreover, we recommend researchers to use the ACGME guidelines to support 

the design of future validation studies.  
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APPENDIX A 

Search Strategy 

EMBASE may 2016 

 

PUBMED june 2016 

(((((((((("Education, Medical"[Mesh]) OR "Patient Simulation"[Mesh]) OR "Manikins"[Mesh]) OR 

medical education*[tiab]) OR manikin*[tiab]) OR mannequin*[tiab]) OR simulat*[tiab]) OR team 

training*[tiab]) AND (((((((("Interprofessional Relations"[Mesh]) OR "Task Performance and 

Analysis"[Mesh]) OR "Communication"[Mesh]) OR communication*[tiab]) OR interprofessional 

relation*[tiab]) OR task performance*[tiab]) OR team*[tiab]) OR non-technical skill*[tiab])) AND 

(((((("Checklist"[Mesh]) OR "Psychometrics"[Mesh]) OR Psychometric*[tiab]) OR 

assessment*[tiab]) OR rating scale*[tiab]) OR checklist*[tiab]) OR measurement tool*[tiab]) AND 

(((("Delivery, Obstetric"[Mesh]) OR "Obstetrics"[Mesh]) OR ("Obstetrics and Gynecology 

Department, Hospital"[Mesh])) OR obstetric*[tiab]) 
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APPENDIX B 

Grading of psychometric and usefulness properties of the included assessment tools following the 

standards for tools by the Accreditation Council for Graduate Medical Education (ACGME)  

 
 
Tool 

Reliability Validity 
Usefulness properties 

Ease  
of use 

Resources 
required 

Ease of 
interpretation 

Educational 
impact 

Clinical Teamwork 
Scale (CTS) B B B A B NI 
Teamwork 
Measurement Tool 
(TMT) NI B B C C NI 
Global Assessment of 
Obstetric Team 
Performance (GAOTP) C B B B B NI 
Assessment of 
Obstetric Team 
Performance (AOTP) NI C B B B NI 
Human Factor Rating 
Scale (HFRS) C NI B A C NI 
Global Rating Scale 
(GRS) C NI B A C NI 

Exact definitions of grades A (meeting most standards) to C (meeting less standards) can be found in 
Appendix C. NI: not enough information. 

 

APPENDIX C 

ACGME Standards for Tools (Version 9/2008) 
B.   Standards for Tools   

1.  Psychometric Properties: Reliability and Validity 

The reliability and validity criteria provided below are meant to serve mostly as guidelines and 

not rigid rules. The concepts of reliability, and especially validity, are currently evolving. It is now 

well accepted that context is critical in the assessment process, meaning close attention must 

be paid to the setting and situational appropriateness of the tools. Validity and reliability are not 

inherent properties of particular assessment tools, rather they reflect the results and judgments 

of the derived measures and how they are used. Therefore data regarding the validity, reliability 

and effects must be collected for each context in which they are used. The standards listed 

below are meant to represent minimal standards and be used as guidelines in evaluating the 

quality of assessment methods. 

a.  Reliability  

Reliability is a measure of the extent to which evaluation results for an individual resident are 

reproducible: (1) by different evaluators when the same performance is evaluated; (2) when the 

resident performs similar tasks on different days; or (3) when the resident performs different 

tasks. Low reliability indicates that the evaluation results are inconsistent and variable and that 

it is not possible to make a summary inference. Due to the variability of the measure, the 

summary judgment will be unreliable. The standards below for reliability have been adapted 

from the Standards for Educational and Psychological Testing.18  Each standard taken from this 

source is referred to as an “APA Standard.” 

 

 

 



Assessing teamwork performance in obstetrics: a systematic review 

 

41 
 

Grading for Reliability  
A   Meets all three standards. Methods for establishing reliabilities are appropriate to the measure 

and intended use. 
B   Meets two of the three standards. Methods for establishing reliabilities are appropriate to the 

measure and intended use. 
C   Meets only one of the standards. Methods for establishing reliability are appropriate to the 

measure and intended use. 
NI   Not enough information from literature to judge or method used is inappropriate for the measure 

and intended use. 

Standards for Reliability  

APA Standard 2.1 
For each total score or rating (individual, overall or combination) that is to be interpreted, estimates of 
relevant reliabilities and standard errors of measurement should be reported. 
APA Standard 2.10 
When “subjective” judgment enters into scoring or rating, evidence should be provided on both 
interrater consistency in scoring/rating and within examinee consistency over repeated 
measurements.  A clear distinction should be made among reliability data based on                         (a) 
independent panels of raters scoring the same performances, (b) a single panel scoring successive 
performances, and (c) independent panels scoring successive performances. 
APA Standard 2.15 
When a test, combination of measures or ratings are used to make high-stakes, discriminative 
decisions, estimates should be provided of the percentage of examinees who would be classified in 
the same way on two applications of the same method or rating process, using the same form or 
alternate forms of the assessment tool. 

 

b.  Validity 

Validity refers to the meaningfulness, appropriateness, and usefulness of inferences made from 

evaluations. It indicates the extent to which evidence supports the inferences that are made 

from the scores obtained by an evaluation. Traditionally, validity evidence has been categorised 

as content-related, criterion-related, and construct-related. These categories, however, are 

overlapping.  Ideally, several types of evidence will be obtained to establish validity that spans 

the three categories. 18  Fully investigating validity requires studies with multiple parts designed 

specifically to establish evidence for the specific inferences to be made. As indicated above, it 

is crucial to consider context and intended use of assessment results when evaluating the 

validity of the measure. The standards presented below represent the Committee’s perspective 

on types of evidence considered most relevant for establishing the validity of formative and 

summative assessment of resident performance in patient care responsibilities.   

Grading for Validity 
A   Meets Standards 1.1 and 1.6. and two or more additional standards 
B   Meets Standards 1.1 and 1.6. and one additional standard 
C   Meets Standards 1.1 and 1.6  

NI   Not enough information from literature to judge 
Standards for Validity 
APA Standard 1.1 
A rationale should be presented for each recommended interpretation and use of the evaluation 
“scores” and/or ratings of judgment, together with a comprehensive summary of the evidence and 
theory bearing on the intended use or interpretation. 
Comment: The rationale should indicate what propositions are necessary to investigate the intended 
interpretation. The comprehensive summary should combine logical analysis with empirical evidence to 
provide support for the assessment rationale. Evidence may come from studies conducted locally, in the 
setting where the assessment is to be used; from specific prior studies; or from comprehensive statistical 
syntheses of available studies meeting clearly specified criteria.  
 
APA Standard 1.6 
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When the validation rests in part on the appropriateness of the assessment content, the procedures 
and processes followed in specifying and generating the assessment content should be described and 
justified in reference to the construct the assessment is intended to measure or the domain it is 
intended to represent. If the definition of the content sampled incorporates criteria such as importance, 
frequency, or criticality, these criteria should also be clearly explained and justified. 
APA Standard 1.8 
If the rationale for the use of an assessment process, or interpretation of the rating and/or score 
depends on premises about the psychological processes or cognitive operations used by the trainees, 
then theoretical or empirical evidence in support of those premises should be provided. When 
statements about the processes employed by observers or raters are part of the argument for validity, 
similar information should be provided. 
APA Standard 1.24 
When unintended consequences result from the use of a specific assessment, an attempt should be 
made to investigate whether such consequences arise from the assessment’s sensitivity to 
characteristics other than those it is intended to assess or to the assessment’s failure fully to represent 
the intended construct. 
ACGME Standard 1  
When subjective judgment enters into the process, evidence should be provided indicating the degree 
to which ratings of standard performances by single expert raters correspond well with gold standard 
ratings of that performance (e.g., consensus ratings by a group of 7 or more experts who rate the 
performance under optimal conditions).  This is especially important for observational assessments 
rated at a different point in time, such as video and audio recordings.  
ACGME Standard 2 
When subjective judgment enters into the process, evidence should be provided indicating the degree 
to which ratings of standard performance samples by single expert raters detect known strengths and 
weaknesses in those performance samples. This is especially important for observational 
assessments rated at a different point in time, such as video and audio recordings. (See for example, 
Noel GL, Herbers JE, Jr., Caplow MP  et al.19 ). 

 
2.   Usefulness Properties:  Ease of Use, Resources Required, Ease of Interpretation, and 

Educational Impact  

The usefulness of a tool is as important as its psychometric qualities. Ease of use, resource 

requirements, interpretability and educational impact also need to be taken into account to 

ensure successful implementation. Moreover, tools should not be used unless they yield 

information that is demonstrated to be useful (e.g., helpful for motivating and directing learning 

and performance improvement or making high-stakes decisions). The following grading 

scheme applies individually to each of the three properties indicated. A grading scheme and 

standards for educational impact are at the end of this section. 

Grading for Ease of Use, Resource Requirements, and Ease of Interpretation  
A Tool meets all three standards  
B Tool meets two of the three standards 
C Tool meets only one standard  
NI Not enough information available to judge or poor quality information 

 

a.  Ease of Use 

Ease of use is an aspect of feasibility. Tools with excellent psychometric properties will not be 

used if they require significant staff time, they are logistically difficult, or they interfere with 

patient care activities.   

Standards for Ease of Use 

1. Tool is easily carried, accessed or otherwise used in the course of daily clinical or teaching activity.  
2. Tool requires little special set-up, e.g., does not require a skills laboratory, standardised patients, 

simulation facility.  
3. Tool requires less than 20 minutes for the rater to complete (includes the observation or rating 

process plus completion of the documentation).  
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b.  Resources Required  

Currently existing assessment methods can require a range of resources from expensive high-

fidelity simulation laboratories to inexpensive paper forms for recording observations of 

residents’ performance of patient care responsibilities. It will be important to select assessment 

tools that are affordable. Resources required are related to a method’s feasibility and cost-

effectiveness.   

Standards for Resources Required  

1.  No additional resources required beyond just the documentation tool (e.g., such as a rating scale) 
2.  Training requirements for assessors do not exceed an hour  
3.    No additional persons other than an individual rater required to complete evaluation 

 
c.  Ease of Interpretation  

One of the goals of assessment is to determine learners’ performance levels. For residencies, 

this requires comparing residents’ performance to one or more of the following:  1) a standard 

of care, 2) performance of other residents at the same level of training and or experience, 3) 

performance of residents with more or less education and experience; and 3) the resident’s 

performance level at an earlier stage of education and experience.  Ease of interpretation means 

easy access to appropriate normative data, and mechanisms to easily and effectively compare 

a resident’s score to the normative data. The best systems make it easy to add data to the 

norms. 

Standards for Ease of Interpretation  
1. Individual scores are interpretable, e.g., on an easily understood scale such as percent correct or 

against behavioural or other descriptive criteria; and are accompanied by interpretation guidelines   
2.     Normative data are available (see 1-3 above) ,    
3. Pre-programmed, easy to read reports and graphs make it simple to compare individual to group 

performance   

 
d.   Educational Impact 

Measures can be reliable and valid, in some ways, but still not be helpful for educational planning, 

performance feedback, or improvement. For example, measures that lack specificity and 

credibility will likely not be useful for the latter purposes. The educational usefulness of a 

measure and its ability to effect positive change in curriculum and performance are central 

purposes of assessment. Following are standards for evaluating a tool’s educational impact. 

   Grading for Educational Impact  
A  Meets both standards 1 and 2. 
B   Meets either standard 1 or 2.  
C  Standard 3 is met  
NI  Not enough information from literature to judge 
Standards for Educational Impact: 
1.  The method has been shown to positively affect individual learner performance (change in 

knowledge, skills or attitudes) 
2.  The method has been in shown to positively affect/change program curriculum (should be 

corroborated in at least two studies)  
3.   The method has been shown to provide specific actionable results that are regarded as    

 useful by the learners.   
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ABSTRACT 

Objective: To determine whether obstetric team training in a medical simulation centre improves 

the team performance and utilisation of appropriate medical technical skills of healthcare 

professionals. 

Design: Cluster-randomised controlled trial.  

Setting: The Netherlands. 

Sample: The obstetric departments of 24 Dutch hospitals. 

Methods: The obstetric departments were randomly assigned to a one-day session of 

multiprofessional team training in a medical simulation centre or to no such training. Team 

training was given with high-fidelity mannequins by an obstetrician and a communication expert. 

More than six months following training, two unannounced simulated scenarios were carried 

out in the delivery rooms of all 24 obstetric departments. The scenarios, comprising a case of 

shoulder dystocia and a case of amniotic fluid embolism, were videotaped. The team 

performance and utilisation of appropriate medical skills were evaluated by two independent 

experts. 

Main outcome measures: Team performance evaluated with the validated Clinical Teamwork 

Scale (CTS) and the employment of two specific obstetric procedures for the two clinical 

scenarios in the simulation (delivery of the baby with shoulder dystocia in the maternal all-fours 

position, and conducting a perimortem caesarean section within 5 minutes for the scenario of 

amniotic fluid embolism). 

Results: Seventy-four obstetric teams from 12 hospitals in the intervention group underwent 

teamwork training between November 2009 and July 2010. The teamwork performance in the 

training group was significantly better in comparison to the non-training group (median CTS 

score: 7.5 versus 6.0, respectively; P = 0.014). The use of the predefined obstetric procedures 

for the two clinical scenarios was also significantly more frequent in the training group 

compared with the non-training group (83 versus 46%, respectively; P = 0.009). 

Conclusions: Team performance and medical technical skills may be significantly improved 

after multiprofessional obstetric team training in a medical simulation centre. 

 

Keywords: Education, multiprofessional, obstetric emergency situations, simulation, team 

training, training. 
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INTRODUCTION 

In the UK, the Confidential Enquiry into Maternal and Child Health (CEMACH) identified 

substandard care in a large proportion of preventable maternal and perinatal deaths, ranging 

from 45 to 73%.1–3
 The reports of both CEMACH and the Institute of Medicine (USA) have 

advocated the introduction of interdisciplinary team training.2,4 The underlying message from 

these two reports is that communication and coordination of the care team need to be 

improved. 

Local training programmes on an individual basis already occur frequently. However, if 

the care team, not the individual, is responsible for most clinical errors, then team training might 

be more effective than training at an individual level. Such multiprofessional team training can 

easily be applied to obstetric emergency situations, because different healthcare professionals 

and disciplines work together in the labour ward. Grogan et al.5 already demonstrated that team 

training in crew resource management leads to a positive attitude of trainees towards dealing 

with fatigue, teambuilding, communication, recognising dangerous situations and decision 

making. 

To evaluate these medical team training courses, Kirkpatrick’s theoretical model for the 

evaluation of training can be applied (Figure 1).6 It consists of four levels of training achievement 

with the bottom two levels referring to the reaction (satisfaction after training), and the 

improvement in knowledge of the trainee. Level three measures the implementation of learned 

skill, and behaviour into clinical practice. The highest level relates to the effect of training on 

measurable clinical outcome(s).   

    

  

 

 

 

 

 

 

Figure 1. Kirkpatrick’s model for training evaluation 

 

Few articles evaluating the effect of teamwork training with simulation models have 

been published, and even fewer have examined objective measurements of improvement in the 

management of acute obstetric emergencies.7
 There is only one retrospective study at the fourth 

level of Kirkpatrick, describing a significant effect of team training on perinatal outcome, using 
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Apgar scores.8 At the third level of Kirkpatrick, Crofts et al.9
 identified a significant effect of 

training individuals on clinical skills during an in situ simulation on shoulder dystocia. However, 

there are no randomised controlled trials evaluating the effectiveness of team training in 

obstetric emergencies with simulation methods at the third or fourth level of Kirkpatrick’s model. 

As a consequence of the paucity of evidence, we performed a multicentre randomised 

controlled trial to investigate the effectiveness of team training in a medical simulation centre.10
 

The primary outcomes for this randomised controlled trial are based on maternal and perinatal 

outcomes, i.e. the fourth level of Kirkpatrick’s model. For this report we evaluated the clinical 

behaviour of the medical team more than six months after team-based training, i.e. level three 

of Kirkpatrick’s model. We investigated the hypotheses that obstetric team training in a medical 

simulation centre will improve the team clinical performance and increase the employment of 

essential clinical skills assessed using an unannounced clinical simulation. 

METHODS 

The current study is part of a multicentre cluster design randomised controlled trial to assess 

the effectiveness of team training in a medical simulation centre.10
 Eligible units were hospital-

based obstetric departments in all teaching and non-teaching hospitals in the Netherlands with 

at least 1000 deliveries per annum. Teaching hospitals provide training for residents in 

obstetrics and gynaecology, whereas non-teaching hospitals do not provide such training. 

Obstetric units with an existing local multidisciplinary team training course could not participate. 

To prevent data contamination, the included units were not allowed to do any medical team 

training until the study period was ended. In addition, the results of the present study will not be 

published before the follow-up of the initial randomised controlled trial is completed. As this was 

a cluster-randomised clinical trial allocating interventions at a group level, the institutional review 

board of the Máxima Medical Centre judged that consent from participating patients was not 

needed. The primary outcome of this randomised controlled trial was the number of obstetric 

complications during the first year after team training. In the current study we only report on 

team performance and medical technical skills more than six months after the training 

intervention.  

The units were randomly allocated to the intervention and control groups using a 

computer-generated list that was stratified for teaching and non-teaching hospitals. Obstetric 

units allocated to the intervention group received a one-day team training course in a medical 

simulation centre in Eindhoven. Eighty percent of the training time is given to crew resource 

management and 20% to medical technical skills. Each obstetric unit consisted of a number of 

multiple multiprofessional teams consisting of a gynaecologist, a midwife, a resident and two 

or three nurses. Each team was formed around a single gynaecologist. In total 74 teams, 
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corresponding to the number of employed gynaecologists in the 12 units allocated to the 

intervention group, were included for training. Team training was delivered using high-fidelity 

mannequins by a gynaecologist and a communication expert. All the training instructors 

underwent an instructor training course for running simulation-based trainings, with emphasis 

on crew resource management. The birthing simulator NoelleTM (Gaumard, Miami, FL, USA) or 

the Emergency Care Simulator ECSTM (METI, Sarasota, FL, USA) were used in six obstetric 

emergency scenarios: fetal distress including cardiotocographic analysis, shoulder dystocia, 

postpartum haemorrhage, umbilical cord prolapse, eclampsia and resuscitation of a pregnant 

woman. These scenarios were based on national and international guidelines from The Dutch 

Society of Obstetrics and Gynaecology, the Royal College of Obstetricians and Gynaecologists 

and MOET (Managing Obstetric Emergencies & Trauma) in the UK.11
 Every scenario started with 

a briefing by an introductory video for approximately five minutes, where the clinical situation is 

performed by actors on a wide screen. After this introduction the team moved to the simulation 

delivery room where they were required to manage the simulated patient. All the scenarios, 

lasting approximately 15 minutes, were videotaped. After finishing each scenario, the team 

returned to the briefing room for a 30-minute debriefing session. Feedback on teamwork and 

the application of medical technical skills was provided by reviewing the relevant video 

recordings. Feedback on teamwork concentrated on components of crew resource 

management, i.e. communication, leadership, decision making and situational awareness. All 

individual teams from each hospital were trained within a time period of four weeks. 

More than six months after completing these training courses, an unannounced in situ 

clinical simulation with two scenarios (shoulder dystocia, and amniotic fluid embolism) was 

conducted at all obstetric units (in both the intervention and control group) recruited into the 

study. At the time of their training the participants were aware that an unannounced in situ 

simulation would take place more than six months later. Only a single person at each of the 

obstetric units was contacted in advance to organise the use of one of the delivery rooms in the 

unit for the purpose of the clinical simulation. All the on-duty individuals who were allocated to 

staff the delivery room participated in the simulation. For both scenarios a standardised script 

was used. The scenario started with an actress conducting a delivery. Because of difficulties 

related to the delivery, the (simulated) case was handed over to a clinical midwife or resident 

obstetrician. The intention was that participants were unaware of the simulated setting until they 

entered the delivery room. In the first scenario on shoulder dystocia, a hybrid high-fidelity 

simulation with the PROMPTTM birthing simulator (Limbs & Things, Bristol, UK) was used. The 

simulation continued until the baby was delivered in the all-fours position. If the all-fours 

manoeuvre was not applied, the baby was delivered anyway. Between the first and second 
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scenario the participants left the delivery room, without knowing whether the in situ simulation 

was still ongoing. The next scenario on amniotic fluid embolism required the resuscitation of 

the pregnant woman. For this scenario we used a mannequin called Resusci AnneTM (Laerdal, 

Stavanger, Norway), which was modified into a pregnant woman. The simulation was 

terminated after delivery of the baby by a perimortem caesarean section or when the medical 

team failed to make any progress in the management of the scenario. If help was requested, 

one of the investigators could attend, but this person would not perform any clinical tasks unless 

requested to do so. The participants were encouraged to ask for help from colleagues as well. 

Both scenarios lasted a maximum of 10 minutes and were videotaped. To prevent any learning 

effect of the in situ simulation in the control group, no feedback on teamwork and medical skills 

was provided to participants in both groups after the simulation. 

The Clinical Teamwork Scale (CTS) was used for assessment of team performance in a 

simulated obstetric emergency context.12
 At the time of designing this study, it was the only 

validated rating scale designed especially for obstetric team performance. The CTS has been 

reported to have substantial agreement (Kappa 0.78) and score concordance (Kendall 

coefficient 0.95) between raters, and a high interrater reliability (interclass correlation coefficient 

0.98). It has been developed based on the important topics in crew resource management. The 

CTS consists of 15 items in five different teamwork domains: communication, decision making, 

role responsibility, situational awareness/resource management and patient-friendliness. For all 

15 items, a rating scale ranging from 0 to 10 was adopted except for the ninth item. The ninth 

item is about the presence of target fixation (yes or no). Target fixation exists when team 

members exhibit tunnel vision that prevents progress from being made in the management of 

the scenario.12
 

We also investigated whether medical team training can lead to the acquisition of 

medical technical skills. To assess this, we ascertained whether a predefined, recommended 

but unfamiliar obstetric procedure was employed in each of these obstetric emergencies. For 

the scenario on shoulder dystocia, we have chosen the manoeuvre in which the baby was 

delivered in an all-fours maternal limbs position (all-fours manoeuvre). Although this manoeuvre 

is recommended as a useful manoeuvre in several national guidelines on shoulder dystocia (e.g. 

Dutch Society of Obstetrics and Gynaecology, Royal College of Obstetricians and Gynaecologist) 

and international courses (MOET (Managing Obstetric Emergencies & Trauma)) many obstetric 

teams are not familiar with it.11,13–15
 In the second scenario a perimortem caesarean section had 

to be carried out within 5 minutes. Many obstetric teams have little experience with this 

procedure, because of the low incidence of resuscitations of pregnant women. 
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The ascertainment of whether both outcome measures were present in the scenarios 

was conducted by an expert panel of two trained assessors. They were not involved in the 

training nor in performing the in situ simulations. Both were obstetricians who were familiar with 

the principles of crew resource management and the use of CTS. Although the study 

participants were aware of the arm of the study to which they were allocated, the individuals in 

the expert panel were kept blinded to the study allocation.  

The calculation on the power of the study was based on the primary outcome measures 

of this study, i.e. perinatal and maternal outcomes throughout the first year after intervention, 

and not on the secondary outcomes for the purpose of this report. The perinatal and maternal 

complications are defined as the number of neonates with perinatal asphyxia (5-minute Apgar 

score < 7 or arterial umbilical pH < 7.05), hypoxic ischaemic encephalopathy, number of 

neonates with damage caused by shoulder dystocia (e.g. lesion of brachial nerve plexus, clavicle 

fracture), number of women with eclampsia, number of women with severe postpartum 

haemorrhage (>4 blood transfusions of packed cells, embolisation, hysterectomy).10 We 

expected the incidence of adverse perinatal and maternal outcomes in the control group to be 

15%. Based on this assumption, we calculated that a sample size of 24 hospitals with at least 

200 deliveries per year was needed to give a power of 80% to detect a reduction in adverse 

perinatal and maternal outcomes from 15 to 5% (using a two-sided type 1 error of 5%) in the 

intervention group.  

Data management and analysis were performed using SPSS (Statistics 18.0; SPSS Inc., 

Chicago, IL, USA). The CTS scores were described using the median (range). To compare the 

differences in team performance between the intervention and control groups, the total median 

and median scores of each of the items of the CTS were calculated and compared using the 

Mann–Whitney U test. The frequency of application of the relevant obstetric procedures in the 

two scenarios was compared by using a chi-square test. When indicated, a Fisher’s exact test 

was used instead of a chi-square test. P-values ≤ 0.05 were considered to indicate statistical 

significance. 

RESULTS 

The obstetric departments in 36 hospitals were invited to participate in this multicentre cluster-

randomised controlled trial. Four hospitals declined participation and eight hospitals did not 

meet the inclusion criteria for this study. An overview of enrolment of the various obstetric 

departments is presented in the CONSORT flowchart (Figure 2). Eventually, 24 obstetric 

departments were included and randomly assigned to either team training in a medical 

simulation centre (n = 12) or to a control group (n = 12). In the training group, a total of 74 clinical 

teams were identified for training. The training and non-training groups were comparable in 
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relation to the number of teaching hospitals in each group, the total and mean number of 

deliveries per year and the staffing level (Table 1). All obstetric departments that were randomly 

assigned to the intervention group received the team training course. There were no hospitals 

lost to follow up in either the training or non-training group.  

 

 Table 1. Baseline characteristics of training and non-training group. 

 

The 24 hospitals were recruited into the study from January to November 2009. 

Participating clinical teams in the intervention group visited the simulation centre for training 

from November 2009 until July 2010. In situ simulations were performed six to ten months after 

the study randomisation, with a mean interval of 8.27 months (8.43 ± 1.62 months for the 

intervention group and 8.12 ± 1.36 months for the control group; P = 0.6). In each obstetric unit, 

in both the intervention group and the control group, the multiprofessional on-call team was 

targeted on the day the in situ clinical simulation was conducted. Each team participated in both 

the clinical scenarios. Consequently, the in situ simulations yielded a total of 48 video recordings 

for the assessment of team performance and medical technical skills.  

Team training was associated with a higher overall median CTS score. The total median 

score of all items was significantly higher in the training group (median 7.5, range 2.0–8.5) than 

in the non-training group (median 6.0, range 2.0–8.0; P = 0.01) (Table 2). Comparison of the 

median scores on the five separate teamwork domains of the CTS showed a statistically 

significantly difference in communication (P = 0.008), and decision making (P = 0.01) between 

the training and non-training groups (Table 2). The differences between the remaining three 

domains of the CTS were not statistically significant. 

For the analysis of the quality of medical technical skills employed in the two clinical 

scenarios, only 45 of the 48 video recordings could be used because there was a technical 

problem within the simulated scenario in three cases. All these technical problems were 

encountered in the first scenario on shoulder dystocia with the PROMPTTM birthing simulation. 

 Training group 

(hospitals; n=12) 

Non-training group 

(hospitals; n=12) 

Teaching hospitals (n) 5 5 

Total deliveries per year (n) 14,726 14,951 

Mean deliveries per hospital 1,230 1,299 

Gynaecologists (n) 74 84 

Midwives (n) 79 83 

Residents (n) 36 39 

Nurses(n) 282 297 
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Eventually, 23 video recordings from the 12 training units and 22 from the 12 non-training units 

were available for analysis. 

 

 

Figure 2. The enrolment of Dutch obstetric departments presented in the CONSORT flowchart. 

 

The required obstetric procedures (delivery of the baby in the all-fours maternal position 

for the scenario on fetal shoulder dystocia, and the performance of a perimortem caesarean 

section within 5 minutes in the amniotic fluid embolism scenario) were performed in 19 of the 

23 in situ simulations recordings (83%) in the trained units compared with 10 of the 22 

recordings (46%) in the untrained units (P = 0.009). Nine trained teams used the all-fours 

manoeuvre compared with four non-trained teams (P = 0.08). Ten trained teams performed a 

perimortem caesarean section in comparison with six non-trained teams (P = 0.193). 
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DISCUSSION 

In this multicentre randomised clinical trial we found a significant improvement in team 

performance and a significant increase in the use of new medical technical skills eight months 

after obstetric, multiprofessional team training in a medical simulation centre. The training 

courses focused on both crew resource management (for 80%) and medical technical skills (for 

20%). 

 

Table 2a. Comparison of team performance between training and non-training groups, assessed by the 

Clinical Teamwork Scale (CTS) 

 Training group 

Median (min-max) 

Non-training group 

Median (min-max) 

P-value 

Total Median Score on the CTS 7.5 (2.0-8.5) 6.0 (2.0-8.0) 0.014 

Per Item    

1. Overall score  7.0 (2.0-8.0) 6.0 (1.0-8.0) 0.022 

2. Overall communication 7.0 (3.0-8.0) 4.5 (2.0-8.0) 0.008 

3. SBAR 7.0 (0.0-8.0) 4.0 (1.0-8.0) 0.007 

4. Transparent thinking 7.0 (2.0-8.0) 5.0 (2.0-8.0) 0.015 

5. Directed communication 7.0 (4.0-8.0) 5.0 (1.0-8.0) 0.002 

6. Closed loop 7.0 (3.0-8.0) 4.5 (0.0-8.0) 0.002 

7. Overall situational awareness 7.5 (2.0-9.0) 7.0 (1.0-8.0) 0.078 

8. Resource allocation 7.5 (1.0-9.0) 6.5 (2.0-8.0) 0.220 

9. Target Fixation (see table 2b) (see table 2b) 0.666 

10. Overall decision making 8.0 (2.0-9.0) 7.0 (2.0-8.0) 0.012 

11. Prioritise 7.5 (2.0-9.0) 7.0 (1.0-8.0) 0.025 

12. Overall role responsibility 8.0 (1.0-9.0) 7.0 (3.0-8.0) 0.118 

13. Role clarity 8.0 (0.0-9.0) 7.0 (3.0-8.0) 0.082 

14. Perform as a leader/helper 8.0 (1.0-9.0) 7.0 (3.0-8.0) 0.170 

15. Patient friendly 7.0 (2.0-8.0) 7.0 (3.0-8.0) 0.448 

 

Table 2b. Comparison of the presence of target fixation (item 9 of the CTS) between training and non-training 

groups 

Item 9 Training group (n) Non-training group (n) Total 

No target fixation 22 20 42 

Target fixation 2 4 6 

Total 24 28 48 

 

Three previously reported studies have shown no benefit from isolated teamwork theory 

training on team performance.16–18 Nevertheless, the Institute of Medicine suggested that the 

training of medical teams might be an important contributing factor in the improvement of 
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healthcare.4 Besides, in two of three studies only obstetricians and midwives were involved and 

it is also unclear whether the improvement of the teamwork was only applicable to specifically 

constructed teams or whether this effect would still be present when the composition of such 

teams was more random.17,18 For these reasons, we have deliberately designed our study using 

teamwork training, based on crew resource management, in combination with training of 

medical skills. 

The training group had a significantly higher median and overall score on the CTS. 

However, it is clear that in particular ‘communication’ and ‘decision making’ are significantly 

better in the training group. This remarkable improvement could be explained by the well-defined 

nature of the sub-items concerning communication. These sub-items, i.e. SBAR (Situation- 

Background-Assessment-Recommendation), closed loop and directed communication, are well 

described and easy to understand. Therefore these items might be more easily implemented. In 

contrast, role responsibility and situational awareness are more dependent on the already 

existing behaviour of the care team. Changing this behaviour will comprise more than teaching 

new communication tools in a one-day course and will remain a challenge. 

The effect of team training on team performance and the appropriate employment of 

medical technical skills reported in this study is applicable to level three of Kirkpatrick’s model 

on the evaluation of training, i.e. the implementation of behaviour and skills in practice. Previous 

research conducted at a single centre has also reported a similar improvement in such skills.9,16 

However, this earlier research included obstetricians and midwives, but allocated them to 

different roles from their own normal professional responsibilities. Furthermore, the trainees in 

one of these studies were tested only three weeks following training, which may result in the 

assessment of a temporary learning effect rather than a permanent change in clinical 

behaviour.9 

It could be argued that the relatively small number of clinical teams tested during the in 

situ simulation is a limitation of our study. The composition of these teams (which is dependent 

on the on-call rota) could also have been different from those that underwent the team training. 

However, we assumed that simultaneous training of different healthcare professionals would 

lead to a change in work ethics, which is not dependent on the composition of a specific team. 

Our aim was to perform an unannounced clinical assessment, which would represent the real-

life team performance and skills of the medical on-call team. Despite this potential limitation, 

we still demonstrated a significant improvement in the performance and skills of the trained 

units compared with the non-trained units. We believe that the assessment of the on-call team 

is a perfect representation of the real-life effect of the training on the multiprofessional staff and 

therefore should not be interpreted as a limitation. 
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Another limitation of our study might be the employment of the methods of evaluation 

of the acquisition of medical technical skills. Because of the paucity of validated rating scales 

to assess medical team skills available for obstetric emergencies, we decided to use the 

presence of predefined obstetric procedures in the emergency situations. It indicates the ability 

to learn recommended but unfamiliar medical procedures by team training. However, the 

development of a validated rating tool for the assessment of medical technical skills is a subject 

for future research. 

Team training has been implemented in a wide spectrum of disciplines in medicine. 

Disciplines like anaesthesiology, surgery, obstetrics and paediatrics are frequently involved in 

simulation-based (team) training research. Nevertheless, there was still a paucity of good-quality 

evidence for the effect of team training on Kirkpatrick’s level three and level four outcomes.19 

Our study adds further evidence for level three outcomes of Kirkpatrick’s model. We expect that 

the results of our study could easily be applied to different disciplines. Further research should 

focus on the evaluation of the effect of training on measurable clinical outcomes.  
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ABSTRACT 

Objective: To investigate whether simulation-based obstetric team training in a simulation 

centre improves patient outcome.  

Design: Multicentre, open, cluster-randomised controlled trial. 

Setting: Obstetric units in the Netherlands. 

Population: Women with a singleton pregnancy beyond 24 weeks of gestation. 

Methods: Random allocation of obstetric units to a one-day, multiprofessional, simulation-based 

team training focusing on crew resource management (CRM) in a simulation centre or to no 

such team training. Intention-to-treat analyses were performed at the cluster level, including a 

measurement one year prior to the intervention. 

Main outcome measures: Primary outcome was a composite outcome of obstetric 

complications during the first year post-intervention, including low Apgar score, severe 

postpartum haemorrhage, trauma due to shoulder dystocia, eclampsia and hypoxic-ischaemic 

encephalopathy. Maternal and perinatal mortality were also registered. 

Results: Each study group included 12 units with a median unit size of 1224 women, combining 

for a total of 28 657 women. In total, 471 medical professionals received the training course. 

The composite outcome of obstetric complications did not differ between study groups (odds 

ratio (OR) 1.0, 95% confidence interval (CI) 0.80 to 1.3). Team training reduced trauma due to 

shoulder dystocia (OR 0.50, 95%CI 0.25 to 0.99) and increased invasive treatment for severe 

postpartum haemorrhage (OR 2.2, 95% CI 1.2 to 3.9) compared with no intervention. Other 

outcomes did not differ between study groups.  

Conclusion : A one-day, off-site, simulation-based team training, focusing on teamwork skills, did 

not reduce a composite of obstetric complications. 

 

 

 

 

Keywords: Multiprofessional training, obstetric care, patient outcome, simulation, team training, 

teamwork skills.  

Tweetable abstract: one-day, off-site, simulation-based team training did not reduce a composite 

of obstetric complications. 
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INTRODUCTION 

Clinical performance of obstetric care teams is associated with the quality of their teamwork 

skills instead of an individual’s performance.1
 Care teams with a good clinical performance are 

more likely to state the emergency earlier, use more structured handovers, and closed loop 

communication.1
 A lack of such teamwork behaviours is identified as a main contributing factor 

in approximately 75% of preventable medical errors.2
 As these errors undermine safety of 

patients,3,4
 improvement of teamwork skills with simulation-based team training is 

recommended by various healthcare institutes.4,5
 

Simulation-based medical education is recommended as it is a more effective learning 

method than traditional education for teaching medical technical skills.6,7
 For teamwork skills, 

the learning effect seems to be comparable.8–10
 The strength of simulation-based education lies 

in the opportunity for sustained, goal-oriented and deliberate practice for the acquisition of 

knowledge, skills, and attitudes without any risks for patients.11,12
 To evaluate the effect of such 

training courses, Kirkpatrick’s classification is often used. This consists of four levels, starting 

with (1) participants’ perception, followed by (2) assessment of knowledge and skills, to (3) 

actions in clinical practice and (4) patient outcome.13–15 

Despite the acknowledged importance of simulation-based team training in obstetrics, 

evidence from randomised controlled trials demonstrating improvement of maternal and 

perinatal outcome is still lacking.9,10 To fill in this gap, we set up a cluster-randomised controlled 

trial to investigate the effectiveness of a one-day, off-site, simulation-based obstetric team 

training.16
 We previously showed that this simulation-based training was effective on level three 

of Kirkpatrick with both significant improved teamwork skills (7.5 versus 6.0 on the Clinical 

Teamwork Scale;17 P = 0.014), and increased use of essential medical technical skills (83% 

versus 46%, P = 0.009; RR 1.8, 95% CI 1.1 to 3.0).16 These results correspond with results of 

other studies.18,19 The main question is whether this kind of training course will also lead to fewer 

obstetric complications (Kirkpatrick level four). 

In this paper, we evaluated whether a one-day, simulation-based obstetric team training 

in a simulation centre affects the number of obstetric complications in comparison with the 

absence of such team training during a one-year evaluation. 

METHODS 

Trial design and study population 

Between November 2009 and July 2011, we conducted an open, multicentre, parallel, cluster-

randomised controlled trial to evaluate the effectiveness on obstetric complications of a one-
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day, simulation-based obstetric team training in a medical simulation centre in comparison with 

the absence of such team training (TOSTI study).20 The simulation-based obstetric team training 

focused on crew resource management (CRM) skills in obstetric emergency situations. As this 

was an open randomised trial, no one involved in the study was blinded to the allocation. As the 

allocation of the intervention was at the cluster level, the institutional review board of the 

Máxima Medical Centre decided that ethical approval was not necessary. The original study 

protocol was described online in the Dutch Trial Register (NTR no. 1859)21 and a study protocol 

paper was published.20  

The study was performed in Dutch hospitals, each featuring one obstetric unit that 

represented one cluster. Obstetric units already participating in multiprofessional team training 

were not eligible for this study. Before randomisation, trial consent was approved by a local 

obstetrician. The included obstetric units were randomly allocated in a 1:1 ratio to simulation-

based obstetric team training or to the control group. This was done by an independent 

researcher using a computer-generated list. Randomisation was stratified for units being 

situated in teaching or non-teaching hospitals, as the presence of residents might affect patient 

care and the effectiveness of the training intervention. The obstetric units in the control group 

agreed to conduct no simulation-based team training courses during the complete study period. 

All included units were allowed to continue existing local individual skills training programmes 

as long as they did not include team training.  

All women with a singleton pregnancy beyond 24 weeks of gestation were included 

during a one-year evaluation. The evaluation period of one year started whenever all staff 

members had received the intervention. To determine the study period for the units in the control 

group, each unit was linked to a unit in the intervention group. As cluster-randomised controlled 

trials are commonly affected by an imbalance in baseline characteristics on patient level, and 

as the potential effect of team training depends on the pre-intervention morbidity rates, an 

additional pre-intervention measurement was conducted retrospectively over a period of one 

year prior to the intervention.  

At the time of the study period, team training courses were not mandatory in Dutch 

obstetric units, healthcare professionals were obliged to report their perinatal data to a national 

perinatal registry (Perined)22, and national perinatal audits were started in 2010. As a 

randomised design was applied, an even distribution of these factors among the study groups 

was expected. 
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Intervention  

Units allocated to the intervention group were scheduled for team training. Units allocated to the 

control group received no team training. The intervention comprised a one-day (eight hour), 

simulation-based, multiprofessional obstetric team training, focusing on CRM skills (i.e. 

teamwork skills), in a medical simulation centre (Medsim) in Eindhoven, the Netherlands. The 

training course was provided once. The entire multiprofessional staff of the obstetric units of 

the intervention group were obliged to participate. They were divided into several 

multiprofessional obstetric teams consisting of a gynaecologist/obstetrician, a secondary care 

midwife and/or a resident, and nurses. Primary care midwives and maternity assistants did not 

participate in the team training, as they work in private practices, and are not part of the obstetric 

unit in the hospital. Anaesthesiologists were not included because they are not part of a 

standard care team in the delivery room in the Netherlands.  

Teamwork training was delivered within the context of clinical training. The main learning 

objective of the training course concerned the improvement of CRM and communication skills 

between team members in obstetric emergencies, including the following: leadership and role 

clarity, distribution of work load, decision making, situational awareness, directed and closed-

loop communication, prevention and management of fixation errors and Situation-Background- 

Assessment-Recommendation (SBAR) handover. Approximately 80% of the training course was 

spent on teamwork skills and the remaining 20% on medical technical skills. This was reflected 

in the debriefing sessions and the oral presentations after the first scenario about CRM (30 

minutes) and medical technical skills (definition of cardiotocographic nomenclature (five 

minutes), and shoulder dystocia (10 minutes)). To provide the opportunity to rehearse teamwork 

skills, five clinical scenarios were presented with an increasing difficulty level: shoulder dystocia, 

eclampsia, umbilical cord prolapse, postpartum haemorrhage and resuscitation of a pregnant 

woman. In contrast to the protocol paper, a scenario concerning fetal distress was not 

included.20 The treatment protocol of these scenarios was based on common national (Dutch 

Society of Obstetrics and Gynaecology (NVOG)) and international guidelines (Royal College of 

Obstetricians and Gynaecologists, and Managing Obstetric Emergencies & Trauma (MOET)). As 

these guidelines are widely recognised, similar treatment protocols were guaranteed in all 

included units. A more thorough description of the scenarios, learning goals and instructions for 

facilitators is available online (Appendix S1).  

The medical simulation centre was equipped with four simulation and (de)briefing 

rooms, interactive full-body simulators, a control room, and audio-visual products. Each training 

day was facilitated by two facilitators, out of a group of ten, with several years of experience: an 
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obstetrician and a communication expert. All facilitators with a medical background underwent 

instructor training for facilitating a simulation-based team training course (European Simulator 

Instructor Course provided by EUSIM)23 and some of them took an additional instructor course 

(Generic Instructor Course provided by MOET).24 The communication experts were experienced 

team coaches working for an international company specialised in learning and development 

(Schouten & Nelissen, part of Schouten Global). Two full-body mannequins were chosen for their 

high-fidelity characteristics (NoelleTM (Gaumard, Miami, FL, USA), and the Emergency Care 

Simulator ECSTM (METI, Sarasota, FL, USA)).  

Each training day started with a 15-minute orientation with the simulation centre and 

simulation equipment. During this introduction, the facilitator emphasised that individual 

performances should not be discussed outside the simulation centre to assure the safety of all 

participants. The simulation rooms were furnished as a delivery room, including a delivery bed, 

resuscitation equipment, a CTG monitor and a telephone. A table with the usual labour ward 

equipment was present in the room. Before the start of each scenario, the participants received 

work clothes (white coats) to put over their normal clothes. The scenarios were introduced to 

the participants who would encounter the patient in the first place by a short (approximately five 

minutes) standardised briefing video. These videos involved actors who illustrated the situation 

prior to the hospital submission. Directly after the video, the participants entered the simulation 

room where the simulated scenario took place. Each scenario ended when the clinical situation 

was managed (for example after the delivery of the baby in the case of a shoulder dystocia), or 

when the scenario was under control after approximately 15 minutes. The difficulty of the 

scenarios could be tailored to the performance of the care team. Each scenario was debriefed 

by two facilitators (approximately 30 minutes), supported by relevant video recordings. During 

the debriefing, participants’ reactions, a deeper analysis of performance (by group discussion), 

and take-home messages were discussed. To maintain the learning effect, every unit received 

hardcopy flowcharts outlining the addressed clinical protocols, and SBAR handover (Appendix 

S1). 

Outcomes 

Primary outcome was a composite outcome of the number of obstetric complications, i.e. low 

Apgar score, severe postpartum haemorrhage, trauma due to shoulder dystocia, eclampsia and 

hypoxic-ischaemic encephalopathy (HIE). The obstetric complications, with their definitions, are 

listed in Table 1 and are thoroughly described in Appendix S1. Additional secondary outcomes 

of interest were perinatal and maternal mortality. Perinatal mortality was defined as fetal or 

neonatal mortality beyond 24 weeks of gestation and within seven days postpartum. Maternal 
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mortality was defined as the death of a woman during or within six weeks after pregnancy. The 

intervention and all outcome measures were evaluated at the cluster level. All outcomes were 

collected for the pre- as well as the post-intervention period, both of which lasted for one year. 

Table 1. Components of the composite outcome 

* This outcome measure differs from its pre-specified measure ‘perinatal asphyxia’ defined as ‘Apgar 

score after 5 minutes <7 and/ or pH of the umbilical artery <7.05’.20 This change was made because the 

units used different protocols for taking umbilical blood samples. The adjustment of the outcome 

measure was made before analysis.21 The original definition was added as a secondary outcome 

measure. 

 

Data collection 

All participating units prospectively registered cases in which the outcome measures occurred 

during the first year after intervention. A local gynaecologist/obstetrician and a staff member 

were responsible for registering the outcome measures with provided registration lists to which 

we provided a monthly update. As data collection by local staff might be open to imprecision, 

the validity of the data collection for low Apgar score, perinatal and maternal mortality was 

verified and complemented with data from Perined.22 The verification of the other outcome 

measures was done by visiting the hospitals to check their local registrations for missing 

primary outcome data. Whenever cases were identified which were not registered by the local 

staff, they were added to the database. These activities were done to increase the reliability of 

the database as much as possible. Case report forms were designed and filled out to gather 

more information about the cases. These data were transformed into electronical data files 

automatically. The demographic characteristics of all deliveries, including the non-complicated 

ones, were provided by Perined.22 Three researchers were responsible for the data collection 

(A.F., J.V. and A.T.). A.F. was responsible for the development of the database. 

 

 

Components of composite outcome Definition 

Low Apgar score 5-minute Apgar score < 7* 

Severe postpartum haemorrhage Administration of > 4 packer cells blood transfusion, or the 

performance of an embolisation or hysterectomy in case of a 

postpartum haemorrhage 

Trauma due to shoulder dystocia A brachial plexus injury, clavicle fracture, humeral fracture or other 

injuries (e.g. other fractures, pneumothorax, hypoxia/acidosis, HIE or 

mortality) due to shoulder dystocia 

Eclampsia Eclamptic convulsion 

Hypoxic-ischemic encephalopathy (HIE) HIE, described using Sarnat stages 
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Statistical analysis and sample size calculation 

In the original study protocol, the sample size was set at 8000 women in each study group. This 

would allow us to assess a reduction in ‘perinatal asphyxia’ (defined as Apgar score after five 

minutes <7 and/or pH of the umbilical artery <7.05) from 1 to 0.6%.21 Since the start of 

recruitment for our study, the sample size has been adjusted. In the recalculation of the sample 

size, we assumed an intracluster correlation coefficient (ICC) of 0.08. We calculated that we 

needed a sample size of 24 clusters, 12 clusters in each study group, with a cluster size of at 

least 200 deliveries for a power of 80% and an alpha value of 0.05 (two-sided).20 This was based 

on a reduction from 15 to 5% in the composite outcome. The 15% outcome rate in the control 

group was derived from data from Perined and NVOG guidelines. The definition of the primary 

outcome has not been changed between the original protocol, trial registration, the published 

BMC protocol and the current manuscript. The final sample size calculation was finalised before 

all hospitals had received the intervention (or control) in July 2010, prior to the statistical data 

analysis, and was formulated in the protocol submitted to BMC in January 2010. 

Analyses were performed according to intention-to-treat. The difference in morbidity and 

mortality rates (at the cluster level) between the two study groups was assessed by calculating 

the odds ratio (OR) with 95% confidence intervals (95% CI) using a random intercept logistic 

regression model. The use of a random intercept per hospital was required, as the pre- and post-

intervention measurement comprised different women. Stratified randomisation was taken into 

account by including the presence of residents in a hospital as a covariate to the regression 

model.25 Furthermore, to account for possible imbalances in baseline characteristics, the pre-

intervention morbidity and mortality rates were added to the model as a covariate as well. To 

allow comparison with the study of Draycott et al.26 and as the training could possibly be most 

effective in term pregnancies, we performed an additional analysis including only women with a 

term singleton pregnancy in cephalic presentation and without an elective caesarean. The idea 

for this subgroup analysis was conceived before data analysis was performed. We performed 

one post-hoc sensitivity analysis in which treatment for severe postpartum haemorrhage was 

excluded from the composite outcome, as this outcome measure seemed to relate to a 

behaviour rather than an actual patient outcome. 

RESULTS 

We approached 36 obstetric units: eight did not meet the inclusion criteria and four units 

declined participation. The remaining 24 units were randomised and included in the analysis 

(Figure 1). Each study group contained 12 obstetric units, five teaching and seven non-teaching 

units. All obstetric units in the intervention group received the simulation-based team training 
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between November 2009 and July 2010. Both post- and pre-intervention periods for each unit 

are displayed in Figure S1. All teams belonging to one obstetric unit received the training within 

time period of four weeks. No units were excluded after randomisation.  

In the intervention group with 12 units in total, 74 multiprofessional teams, comprising 

471 healthcare professionals, received the training: 74 gynaecologists/obstetricians, 36 

residents, 79 secondary care midwives and 282 nurses. The teams varied between three and 

nine participants, with a median of seven. Whenever a small care team was present, one of the 

facilitators could perform an extra role in the scenario. Participation rates of the healthcare 

professionals of the included obstetric units were around 95%. The facilitator to participant ratio 

ranged between 1:2 and 1:4.5. 

In the intervention group we studied 14,500 pregnancies of singletons beyond 24 weeks 

of gestation compared with 14,157 in the control group in the post-intervention period. The 

median cluster size comprised 1,224 women (interquartile range (IQR) of 845 to 1,509 women); 

the data at cluster level are presented in Figure S1. Demographic characteristics of all deliveries 

in the pre- and post-intervention period showed significant differences between the intervention 

and control group for the parity, presentation at birth, (medium and high) socio-economic status, 

and mean maternal age (Table 2). 

 

Figure 1. CONSORT flow diagram of enrolment of Dutch obstetric units in the cluster-randomised design. 
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Primary and secondary outcomes 

The composite of obstetric complications did not differ between study groups (287/14,500 

(2.0%) versus 299/14,157 (2.1%); OR 1.0; 95% CI 0.80 to 1.3). A breakdown of the primary 

outcome indicated less trauma due to shoulder dystocia in the intervention group (0.16% versus 

0.25%; OR 0.50; 95% CI 0.25 to 0.99) (Table 3), which was mainly driven by a lower number of 

clavicle fractures. Furthermore, blood transfusion with >4 packed cells, embolisation or 

hysterectomy for massive postpartum haemorrhage occurred more often in the intervention 

group than in the control group (0.28% versus 0.13%; OR 2.2; 95% CI 1.2 to 3.9) (Table 3). No 

differences between the intervention and the control group were found for low Apgar score or 

low Apgar score combined with an arterial umbilical pH <7.05. The number of women with 

eclampsia was lower and HIE higher in the intervention group, but these differences did not 

Table 2. Demographic characteristics of singleton deliveries beyond 24 weeks of gestation: pre and post-

intervention periods for both intervention and control group.  

 Pre-intervention period Post-intervention period 

 
Characteristics 

Intervention 
group 

N=13,971 

Control group 
N=13,538 

P value † Intervention 
group 

N=14,500 

Control group 
N=14,157 

P value † 

Maternal age, mean (SD), 
years 

30.0 (± 5.0) 30.5 (± 5.0) <0.0001 30.0 (± 5.0) 30.4 (± 5.0) <0.0001  

Parity   0.0003   <0.0001 

   Nulliparous, n (%) 7318 (52.4) 7387 (54.6)  7352 (50.7) 7530 (53.2)  

   Multiparous, n (%) 6653 (47.6) 6150 (45.4)  7145 (49.3) 6624 (46.8)  

Gestational Age, median 
(IQR),  days 

279 (± 16.0 ) 279 (± 16.0) 0.19 278 (± 15.0) 278 (± 16.0) 0.56  

  24w0d - < 28w0d, n (%) 20 (0.1) 8 (0.1) 0.12 17 (0.1) 17 (0.1) 0.17 

  28w0d - < 32w0d, n (%) 26 (0.2) 32 (0.2)  19 (0.1) 32 (0.2)  

  32w0d - < 37w0d, n (%) 1020 (7.3) 1013 (7.5)  973 (6.7) 999 (7.1)  

  ≥ 37w0d, n (%) 12905 (92.4) 12485 (92.2)  13491 (93.0) 13109 (92.6)  

Presentation at birth   0.02   0.0008 

   Cephalic, n (%) 13072 (93.6) 12651 (93.5)  13622 (93.9) 13282 (93.8)  

   Transverse, n (%) 64 (0.46) 47 (0.35)  39 (0.27) 73 (0.52)  

   Breech, n (%) 735 (5.3) 809 (6.0)  726 (5.0) 778 (5.5)  

Birth weight, mean (SD), 
grams 

3426 (± 582) 3442 (± 582) 0.03 3429 (± 564) 3433 (± 574) 0.54  

Socio-economic status   <0.0001   <0.0001 

  High, n (%) 2448 (17.5) 3415 (25.2)  2553 (17.6) 3468 (24.5)  

  Medium, n (%) 7296 (52.2) 5658 (41.8)  7395 (51.0) 5976 (42.2)  

  Low, n (%) 4072 (29.2) 4112 (30.4)  4408 (30.4) 4340 (30.7)  
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Table 3. Associations between intervention and patient outcome in singleton pregnancies beyond 24 weeks’ 

gestation. 

HIE: hypoxic ischemic encephalopathy; NA, not applicable. 

The components of the composite outcome do not add up to the group total as one individual can have 

multiple components. 

 

 

 Pre-intervention Post-intervention   

Primary and  

Secondary outcome  

measures 

Interventio

n group 

N=13,971 

Control 

group 

N=13,538 

Intervention 

group 

N=14,500 

Control 

group 

N=14,157 

Odds 

ratio 

(95%-CI) 

P 

value 

Composite of obstetric 

complications 

273  

(2.0%) 

302  

(2.2%) 

287  

(2.0%) 

299  

(2.1%) 

1.0 (0.80 

– 1.3) 

0.90 

Low Apgar Score 

      

211  

(1.5%) 

244  

(1.8%) 

226  

(1.6%) 

251  

(1.8%) 

0.96 

(0.74 – 

1.2) 

0.72 

Severe postpartum 

haemorrhage 

20  

(0.14%) 

32  

(0.24%) 

41  

(0.28%) 

19  

(0.13%) 

2.2 (1.2 – 

3.9) 

0.009 

     >4 packed cells 16 

(0.11%) 

31 

(0.23%) 

34 

(0.23%) 

18 

(0.13%) 

2.1 (1.1 - 

3.8) 

0.021 

     Embolisation 8 

(0.06%) 

9 

(0.07%) 

10 

(0.07%) 

3 

(0.02%) 

4.7 (1.3 – 

17) 

0.020 

     Hysterectomy 1 

(0.01%) 

4 

(0.03%) 

10 

(0.07%) 

1 

(0.01%) 

10 (0.99 

– 120) 

0.051 

Trauma due to  shoulder 

dystocia 

43  

(0.31%) 

26  

(0.19%) 

23  

(0.16%) 

35  

(0.25%) 

0.50 

(0.25 – 

0.99) 

0.048 

     Brachial plexus injury 13 

(0.09%) 

9 

(0.07%) 

8  

(0.06%) 

6 

(0.04%) 

1.3 (0.39 

– 4.3) 

0.68 

     Clavicle fracture 23 

(0.16%) 

11 

(0.08%) 

13  

(0.09%) 

26  

(0.18%) 

0.38 

(0.15 – 

0.93) 

0.034 

     Humeral fracture 7 

(0.05%) 

8 

(0.06%) 

3 

(0.02%) 

2 

(0.01%) 

1.5 (0.25 

– 9.1) 

0.65 

     Other injury 2 

(0.01%) 

0 

(0.0%) 

0  

(0.0%) 

2  

(0.01%) 

NA‡ NA‡ 

Eclampsia 4  

(0.03%) 

6  

(0.04%) 

6  

(0.04%) 

12  

(0.08%) 

0.67 

(0.19 – 

2.4) 

0.54 

HIE† 7  

(0.05%) 

5  

(0.04%) 

14  

(0.10%) 

4  

(0.03%) 

3.2 (0.77 

– 13) 

0.11 

Perinatal mortality 82  

(0.59%) 

59  

(0.44%) 

65  

(0.45%) 

 78  

(0.55%) 

0.75 

(0.53 – 

1.07) 

0.11 

Maternal mortality 0  

(0.0%) 

1  

(0.01%) 

0  

(0.0%) 

1  

(0.01%) 

NA‡ NA‡ 

Low Apgar score and 

arterial umbilical pH <7.05 

342  

(2.4%) 

339  

(2.5%) 

373  

(2.6%) 

355  

(2.5%) 

1.0 (0.77 

– 1.3) 

0.98 
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reach statistical significance (Table 3). The perinatal mortality rate in the intervention group was 

0.45% compared with 0.55% in the control group (OR 0.75; 95% CI 0.53 to 1.07) (Table 3). One 

maternal death occurred; this was in the control group and was caused by an amniotic fluid 

embolism in a multiparous woman with a term pregnancy. Resuscitation was started and a 

perimortem caesarean section was performed after more than 5 minutes.  

Subgroup analysis of women with singletons in cephalic presentation at term (exclusion 

of elective caesareans) showed results that were similar to the results found in the analysis of 

the total study group (Table S1). The post-hoc sensitivity analysis of a modified composite 

outcome without postpartum haemorrhage did not lead to different results. 

DISCUSSION 

Main findings 

Our multicentre, cluster-randomised controlled trial revealed that a one-day, multiprofessional, 

simulation-based obstetric team training in a simulation centre, focusing on teamwork skills, did 

not reduce a composite of obstetric complications. When we looked at the components of the 

primary outcome, a two-fold reduction in neonatal damage due to shoulder dystocia and a two-

fold increase of treatment with >4 packed cells of blood transfusion, embolisation or 

hysterectomy in the case of a postpartum haemorrhage were found. For the other outcome 

measures we found no statistically significant differences between the team training group and 

the control group. 

Strengths and limitations 

The most important strength of our study is the cluster-randomised design. A second strength 

concerns the intervention itself, with a high participation rate, opportunity for repetition of 

teamwork skills and a thorough debriefing by two professional facilitators. Thirdly, we assessed 

the training intervention on the level of patient outcome after we previously observed a positive 

change in teamwork and medical technical skills.16 This is desirable, as simulation-based 

teamwork training has been recommended by previous inquiries to improve patient safety.4,5 

Limitations of our study should also be considered. First, we changed our original sample 

size calculation to take into account the cluster design of the study by including an ICC in the 

sample size calculation. As indicated, this was done while the intervention was running and prior 

to data analysis. Secondly, the actual incidence of the composite outcome was much lower (2%) 

than the 15% that was anticipated. This overestimation was mainly caused as we first 

considered all women with postpartum haemorrhages to suffer the primary endpoint. However, 

as there was no indication of a difference in the composite outcome between the two groups, it 
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is unlikely a larger sample size would have changed our results. Thirdly, we used a non-validated 

composite outcome, which may be a disadvantage, as the underlying process of the individual 

components can be different,27 as was the case for postpartum haemorrhage. A sensitivity 

analysis, in which postpartum haemorrhage was not considered a component of the composite 

outcome, showed results similar to the primary analysis. A fourth limitation is the difference in 

the baseline characteristics at patient level, which were probably caused by the randomisation 

on cluster level. However, we accounted for this by including the pre-intervention outcome rate 

as a covariate in our analysis. Finally, all obstetric units were allowed to continue local individual 

skills training programmes during the study. As information on these training programmes was 

not collected, we were not able to assess this distribution. 

Interpretation 

The lack of an effect on obstetric complications is intriguing, as we previously showed that the 

applied intervention successfully improved teamwork skills and the application of medical 

technical skills.16 A similar absence of effect on patient outcome has been observed in a 

previous randomised controlled trial by Nielsen et al.28 who investigated the effect of a 

standardised teamwork training curriculum (without simulation), on the Adverse Outcome Index 

(AOI) and Weighted Adverse Outcome Score (WAOS). Walker et al.29 who investigated the effect 

of a low-tech, simulation-based team training course, also found no effect on maternal 

complications. Contrary to these findings, non-randomised studies have shown positive effects 

of simulation-based team training on composite outcome measures like the WAOS8 and the 

AOI.30 It might have been interesting to use these validated composite outcome measures. 

The decrease of trauma due to shoulder dystocia in the intervention group compared 

with the control group is in alignment with results from other studies.31,32 In contrast to most 

studies, this decrease was mainly caused by a lower number of clavicle fractures instead of 

brachial plexus injury. However, in both study groups the number of plexus lesions was very low.  

An increased use of >4 packed cells of blood transfusion, embolisation or hysterectomy 

for the treatment of postpartum haemorrhage was found in the intervention group. As these 

interventions were encouraged during the training course, the increased use might represent a 

learning effect comparable to the change in behaviour demonstrated in our previous 

publication.16 However, other studies consider an increase in interventions such as blood 

transfusion to be a negative outcome, as it might indicate insufficient management of 

postpartum bleeding or over-treatment.33,34  

The number of babies with a low Apgar score was comparable in both study groups, 

whereas previous non-randomised studies had reported a decrease of low Apgar score after 



Chapter 4 

72 
 

simulation-based obstetric team training.26 The relatively high number of low 5-minute Apgar 

scores compared with other literature might have been caused by the inclusion of women with 

gestational ages of 24 weeks onwards.35,36 For eclampsia and HIE, the numbers were very low. 

In contrast to Draycott et al.,26 we found a non-significant higher rate of HIE in the intervention 

group than in the control group. This might be explained by a non-significant decreased number 

of perinatal mortalities. 

Several factors concerning the intervention itself should be considered to explain the 

lack of an effect on patient outcome. First, the training model was limited to a one-day training 

course, in contradiction to the current recommendation of distributed practice and repetition.37–

40 Second, the training course focused on the acquisition of teamwork skills and, as such, time 

was only provided for repetition of teamwork skills, not for medical technical skills. Third, the 

training course took place at a simulation centre, whereas ‘in-house’ training courses are 

currently recommended.41,42 Fourth, the clinical content of the training course was partly based 

on MOET. However, MOET has not proven to lead to improved patient outcomes in the 

Netherlands.43,44 Besides, it could be that CRM training leads to improved teamwork skills but 

does not result in improved patient outcomes.45 Fifth, the use of patient actors instead of high-

fidelity mannequins could have resulted in better results for communication skills.46 Finally, 

anaesthesiologists were not included in the training as they are not part of a standard obstetric 

care team in the Netherlands. Future research should consider their involvement in obstetric 

team training.  

Another explanation could be that the primary care midwives, who work independently 

from the hospital, did not receive the intervention. These midwives initially care for more than 

50% of women during labour in the Dutch obstetric care system. Of the women in labour who 

have been cared for by midwives, 44%47 is transferred to a secondary care team in the hospital 

for reasons that include postpartum haemorrhage, fetal distress and obstructed labour. Before 

women are transferred to a secondary care team, complications such as postpartum 

haemorrhage or fetal distress may already have occurred. 

Future efforts should focus on the optimisation of the design of simulation-based team 

training courses. The comparison of different training models could be done using a stepped 

wedge design.48–50 It would also be interesting to assess patient outcomes at different time 

points, to decide the right time for repeating the training course. For the Netherlands specifically, 

it would be worth trying to involve the independently working primary care midwives. This may 

be feasible in the future, as the Dutch government has recently decided to change the Dutch 

obstetric care system to a shared care obstetric system.51 
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Conclusion 

This open, multicentre, parallel, cluster-randomised controlled trial demonstrated that a one-day, 

simulation-based obstetric team training of hospital teams in a simulation centre, focusing for 

80% on teamwork skills, did not improve a composite of obstetric complications. Other training 

models for simulation-based training courses should be investigated using the same robust 

methodologies. 
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Figure S1. Pre- and post-intervention periods for each unit. 
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Table S1. Associations between intervention and patient outcome in term singletons in cephalic presentation 

(exclusion of elective caesareans). 

The components of the composite outcome do not sum to the group total as one individual can have 
multiple components.  
† HIE: hypoxic ischemic encephalopathy; ‡ NA: not applicable.  
 
 

 

 

 

Appendix S1. Background information about the TOSTI study. (Available upon request) 

 

 

 

 

 Pre-intervention Post-intervention   
Primary and  
Secondary outcome  
measures 

Intervention 
group 

N=13,971 

Control 
group 

N=13,538 

Intervention 
group 

N=14,500 

Control 
group 

N=14,157 

Odds ratio 
(95%-CI) 

P value 

Composite of obstetric 
complications* 

273  
(2.0%) 

302  
(2.2%) 

287  
(2.0%) 

299  
(2.1%) 

1.0 (0.80 
– 1.3) 

0.90 

Low Apgar Score 
      

211  
(1.5%) 

244  
(1.8%) 

226  
(1.6%) 

251  
(1.8%) 

0.96 (0.74 
– 1.2) 

0.72 

Severe postpartum 
haemorrhage 

20  
(0.14%) 

32  
(0.24%) 

41  
(0.28%) 

19  
(0.13%) 

2.2 (1.2 – 
3.9) 

0.009 

   >4 packed cells 16 
(0.11%) 

31 
(0.23%) 

34 
(0.23%) 

18 
(0.13%) 

2.1 (1.1 - 
3.8) 

0.021 

   Embolisation 8 
(0.06%) 

9 
(0.07%) 

10 
(0.07%) 

3 
(0.02%) 

4.7 (1.3 – 
17) 

0.020 

   Hysterectomy 1 
(0.01%) 

4 
(0.03%) 

10 
(0.07%) 

1 
(0.01%) 

10 (0.99 – 
120) 

0.051 

Trauma due to 
  shoulder dystocia 

43  
(0.31%) 

26  
(0.19%) 

23  
(0.16%) 

35  
(0.25%) 

0.50 (0.25 
– 0.99) 

0.048 

   Brachial plexus injury 13 
(0.09%) 

9 
(0.07%) 

8  
(0.06%) 

6 
(0.04%) 

1.3 (0.39 
– 4.3) 

0.68 

   Clavicle fracture 23 
(0.16%) 

11 
(0.08%) 

13  
(0.09%) 

26  
(0.18%) 

0.38 (0.15 
– 0.93) 

0.034 

   Humeral fracture 7 
(0.05%) 

8 
(0.06%) 

3 
(0.02%) 

2 
(0.01%) 

1.5 (0.25 
– 9.1) 

0.65 

   Other injury 2 
(0.01%) 

0 
(0.0%) 

0  
(0.0%) 

2  
(0.01%) 

NA‡ NA‡ 

Eclampsia 4  
(0.03%) 

6  
(0.04%) 

6  
(0.04%) 

12  
(0.08%) 

0.67 (0.19 
– 2.4) 

0.54 

HIE† 7  
(0.05%) 

5  
(0.04%) 

14  
(0.10%) 

4  
(0.03%) 

3.2 (0.77 
– 13) 

0.11 

Perinatal mortality 82  
(0.59%) 

59  
(0.44%) 

65  
(0.45%) 

 78  
(0.55%) 

0.75 (0.53 
– 1.07) 

0.11 

Maternal mortality 0  
(0.0%) 

1  
(0.01%) 

0  
(0.0%) 

1  
(0.01%) 

NA‡ NA‡ 

Low Apgar score and 
arterial umbilical pH <7.05 

342  
(2.4%) 

339  
(2.5%) 

373  
(2.6%) 

355  
(2.5%) 

1.0 (0.77 
– 1.3) 

0.98 
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ABSTRACT 

Background: Simulation-based obstetric team training has been proposed as a tool to improve 

the overall outcome of obstetric health care. 

Objectives: To determine the effect of simulation-based obstetric team training on patient 

outcome, performance of the obstetric care team in practice and educational settings, and 

trainees' experience. The intervention is compared to no training or other type of training. 

Search methods: We searched the Cochrane Pregnancy and Childbirth Group's Trials Register, 

ClinicalTrials.gov, the WHO International Clinical Trials Registry Platform (ICTRP) (7 June 2017). 

We also handsearched the proceedings of the International Meeting on Simulation in Healthcare 

(IMSH) (2006 to 2016), the conference of the Society in Europe for Simulation Applied to 

Healthcare (SESAM) (2014) and reference lists of retrieved studies. 

Selection criteria: Randomised (including cluster-randomised) trials, comparing simulation-

based obstetric team training with no or other type of training. Outcome measures included 

maternal and/or perinatal outcome, performance of the obstetric care team in practice and 

educational settings, and, trainees' experience. 

Data collection and analysis: Two authors independently identified articles, assessed their 

methodological quality, and extracted data. Due to significant clinical and methodological 

heterogeneity, only data from two cluster-randomised trials were pooled to perform generic 

inverse variance meta-analyses. The meta-analyses were based on odds ratios (OR) with 95% 

confidence intervals (CI), from which a summary risk ratio was calculated. The effect measures 

of studies that could not be used to pool data, were presented in tabular form. 

Main results: Seven studies met the inclusion criteria, of which five studies compared simulation-

based obstetric team training with no training. High and moderate quality of evidence from two 

studies suggested no improvement of combined outcomes of maternal and/or perinatal 

adverse events, 12 months after simulation-based obstetric team training (28,657 pregnancies, 

and 50,589 live births). A meta-analyses form these studies showed a trend towards lower 

neonatal mortality and eclampsia after simulation-based obstetric team training (neonatal 

mortality: OR 0.70, 95% CI 0.48 to 1.01, summary risk ratio 0.70, 2 studies, 79,246 pregnancies; 

eclampsia: OR 0.64, 95% CI 0.31 to 1.31, summary risk ratio 0.64, 2 studies, 79,246 pregnancies). 

Among the non-pooled outcome measures, positive effects after training were identified for 

trauma due to shoulder dystocia, number of caesarean sections, and invasive treatment for 

postpartum haemorrhage. A third study that reported on patient outcome described a lower 

score on the Weighted Adverse Outcome Score (WAOS) after simulation-based obstetric team 

http://clinicaltrials.gov/
http://apps.who.int/trialsearch/
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training (1,769 births a year, low quality of evidence). Performance of the obstetric care team, 

was evaluated in two other studies with moderate quality of evidence. Data could not be pooled 

due to substantial heterogeneity. Better teamwork skills, essential medical technical skills, and 

specific routine practices, eight months after simulation-based obstetric team training were 

identified. None of the included studies reported on the performance of the obstetric care team 

in educational settings or trainees´ experience. 

From the seven included studies, three studies described a comparison with another 

type of training. The first study identified a lower score on the WAOS, after simulation-based 

obstetric team training, compared to didactics (1,769 births a year, low quality of evidence). The 

second study, identified better team performance and similar knowledge improvement, one 

month after simulation-based obstetric team training versus didactics (32 trainees / eight 

teams, high level of evidence). The third study, compared simulation, didactics and a 

combination of these two. An improvement of performance was described directly, and three 

months after training, but no significant impact of teaching method was found (36 trainees / six 

teams, low quality of evidence). The simulation group reported a high enjoyment, lower levels of 

anxiety, more confidence in dealing with any emergency, transferable skills, and improved 

communication and teamwork (low quality of evidence). None of the studies reported on the 

performance of the obstetric team in practice. 

Authors' conclusions: Simulation-based obstetric team training can be used to improve team 

performance in practice and might contribute to improvement of maternal and perinatal 

outcome. It seems to be more effective to use simulation-based obstetric team training, instead 

of didactics, to improve team performance (tested in educational settings). Compared to 

didactics, it is unclear whether simulation-based obstetric team training leads to improvement 

of patient outcome or trainees' experience, due to a limited amount of studies with a low quality 

of evidence.  
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PLAIN LANGUAGE SUMMARY   

What is the issue?  

Inadequate performance of obstetric care teams can lead to substandard obstetric care 

resulting in poor outcomes for mothers and their children. Simulation-based obstetric team 

training has been recommended to improve the overall outcome of obstetric health care.  

Why is this important? In order to know whether simulation-based obstetric team training 

actually improves obstetric health care, the effectiveness needs to be evaluated.  

What evidence did we find?  

We identified seven randomised studies, including five cluster-randomised studies. Simulation-

based obstetric team training was compared with no training in five studies and with other type 

of training in three studies. The quality of evidence ranged from low to high. The evidence from 

two studies suggested that simulation-based obstetric team training, compared to no training, 

does not improve combined outcome measures of adverse events (two studies, moderate and 

high quality). However, meta-analysis from these two studies showed a trend towards lower 

neonatal mortality and eclampsia after simulation-based obstetric team training. Besides, 

positive effects for trauma due to shoulder dystocia, invasive treatment for postpartum 

haemorrhage, and the number of caesarean sections were identified. Another study, with a low 

quality of evidence, did found an improvement of the Weighted Adverse Outcome Score (WAOS) 

after simulation-based team training, compared to no training, and compared to didactics. 

Performance of the care team in practice improved after simulation-based obstetric team 

training (two studies, moderate quality of evidence). In addition, simulation-based obstetric team 

training, compared to didactics, resulted in better team performance in educational settings (one 

study, high quality of evidence). However, a last study, with a low quality of evidence, found no 

significant impact of teaching method on team performance in educational settings. There were 

some indications in this study that trainees' experiences was more positive in the simulation 

group.   

What does this mean?  

The results of this review have demonstrated that simulation-based obstetric team training can 

be used to improve performance of care teams (in practice and educational settings) and patient 

outcome. Compared to didactics, the effect on patient outcome and trainees' experience is 

uncertain.  
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BACKGROUND   

Description of the condition   

The advent of the Millennium Development Goals nos. 4 and 5 - reduction of maternal and infant 

(including neonatal) mortality - has focused attention on safety in maternity care worldwide.1 

Since these goals were set, maternal death rates have declined globally by an estimated 47% - 

from 543,000 in 1990 to 287,000 in 2010.2 Estimated child mortality has also dropped - by 41%, 

from 87 deaths per 1000 live births in 1990 to 51 per 1000 live births in 2011.1 Although this 

mortality is largely seen in low- and middle-income countries, high-income countries have also 

been challenged to improve the safety of maternal and neonatal health care. It appears to be 

even more difficult to reduce mortality rates when they are low, than when they are high.2 A 

further decline in mortality rates needs a stronger focus on access to obstetric emergency care 

and the presence of skilled personnel.1  

Obstetric emergencies are pregnancy-related conditions that can threaten the well-being 

of mother and child in pregnancy or around birth. Such emergencies can happen at all times, 

have a high time pressure, with high stakes decisions, and technical and ethical challenges of 

caring simultaneously for two patients (mother and child).3 Provision of safe care in these 

situations requires the presence of skilled health personnel. In developing countries, this was 

only ensured in approximately 66% of births in 2011.1,4 Although professional attendance at birth 

is practically guaranteed in high-income countries, inappropriate management of obstetric 

emergencies can lead to maternal and neonatal mortality and serious morbidity.5-7 Both human 

as well as organisational factors are considered to be major sources for preventable, 

substandard care.8 Similar substandard care is acknowledged in other medical specialties, 

including surgery and anaesthesiology. However, in obstetrics, it leads to the highest number of 

patient-driven clinical negligence claims.9 

Description of the intervention   

Simulation-based team training has been proposed to minimise substandard care by improving 

the overall quality of health care. The driving force for using team training to improve safety in 

health care originated in the 1999 Institute of Medicine report 'To Err is Human',10 that outlines 

the incidence and causes of preventable medical errors leading to substandard care. 

Simulation-based training means to do something in the 'as if', in order to learn 

something without the risk of patient safety.11 In this training, a variety of simulation tools are 

used as alternatives for real patients. Such training can be provided in a medical simulation 

centre or 'in-hospital'. In combination with deliberate practice, simulation turned out to be 

superior to traditional educational methods.12 The use of simulation in maternity care with 
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phantoms, dates back to the 1600s.13 Nowadays, simulation-based medical education is 

considered to be a useful educational intervention to improve knowledge and attitudes of health 

personnel, and patient outcomes.12,14-16  

One of the applications of simulation-based medical education is team training.16,17 In 

this case, simulation is used to educate multiprofessional teams in clinical skills (technical 

skills), teamwork (non-technical skills), or both.18 Teamwork is defined as those behaviours that 

facilitate effective team member interaction. It includes behaviours like communication, 

leadership, situational awareness and decision making.17 In maternity care, the 

multiprofessional teams consist of junior and senior medical staff, midwives and nurses. The 

goal of simulation-based team training is to improve team outcomes (i.e. cognitive, affective, 

process and performance), which, in turn, should result in better patient outcomes.18 

How the intervention might work   

Team training might prevent errors in two ways. First, education might lead to a lower number 

of errors.8 However, it is inevitable that humans make errors. Therefore, secondly, the 

intervention focuses on building a system that will anticipate on errors. This can be realised by 

creating a communicative and mutually-supporting team with a common goal.8 In this way, the 

system is prepared to capture errors before they can actually affect the patient.8 Therefore, 

training should include the obstetric team in its entirety, instead of the individual healthcare 

worker.10,19 

In several other sectors, e.g. aviation and the military, team training has already turned 

out to be a viable approach to enhance team outcomes.18 It has also been applied in a variety of 

medical settings, with the aim of improving patient safety.20,21 In obstetrics, team training has 

been described as improving: dealing with fatigue, team building, communication, recognition 

of adverse events, decision-making and providing feedback.22 However, team training without 

simulation, was not sufficient to improve maternal and neonatal outcomes.23 Nonetheless, team 

training combined with medical simulation appeared to be a useful educational method.16,24 

Previous research showed that obstetric simulation-based team training was able to improve 

team performance and the application of essential medical skills.25 Besides, two studies, albeit 

cohort trials, suggested an improvement in maternal and neonatal outcomes, resulting from 

simulation-based obstetric team training.26,27 Therefore, it is appealing to think that introduction 

of simulation-based team training in obstetrics might improve maternal and neonatal safety. 

Why it is important to do this review   

Simulation-based obstetric team training, however, costs money and time. Even though, medical 

simulation is continuing to be implemented and evidence to support its potential role in 
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improving patient safety is required. The authors of a previous systematic review concluded that 

introduction of simulation-based obstetric teamwork training with integrated obstetric skills 

training, might be potentially effective in the prevention of errors.28 However, there was only one 

(retrospective), publication on patient outcomes included. 

However, change in maternal and neonatal outcome requires a preceding change in 

health worker practice. To evaluate whether training can have this impact, Kirkpatrick’s theory 

can be used.29 According to this theory, the first two levels of training evaluation will focus on 

trainees' experience and change in knowledge and skills in an educational setting. The following 

two levels consist of the downstream change in actual health workers’ behaviour and maternal 

and perinatal outcome.30 The latter is labelled as the highest level of translational science, which 

corresponds with the highest level of training evaluation according to Kirkpatrick's theory.29 The 

current review will discuss all levels of Kirkpatrick's theory in order to evaluate the effect of 

simulation-based, multiprofessional, obstetric team training. 

Objectives   

The aim of the review is to evaluate whether simulation-based, multiprofessional, obstetric team 

training results in change on the different levels of training evaluation. Change - in educational 

and real settings - of health workers performance (e.g. learning experience, knowledge, skills 

and team performance) and, especially, the impact on maternal and neonatal outcomes will be 

discussed. 

METHODS 

Criteria for considering studies for this review   

Types of studies  

We will include randomised controlled trials (RCT), including cluster-RCTs. Since the presence 

of many possible concurrent health strengthening influences on patient outcome, quasi-

randomised trials will be not be included. Cross-over studies will be excluded because of the 

expected long-term effect of training. 

Types of participants  

Obstetric, multiprofessional teams, with qualified healthcare workers, including medical staff 

(junior and senior), midwives and nurses are eligible for inclusion. Depending on the country, 

anaesthesiologists and paediatricians can also participate. A team should have four attributes: 

two or more members, with assigned and clear roles, who perform interdependent tasks, with a 
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common goal. Teams consisting of non-qualified healthcare providers (e.g. medical students, 

student nurses) as well as mono-professional teams will be excluded. 

Studies conducted in low-, middle- and high-income countries will be included. However, causes 

of substandard care might be different in high-income countries versus low- and middle-income 

countries. Subsequently, team training will probably have a different effect in both groups. For 

this reason, a subgroup analysis will be conducted to investigate the effect of the trial setting. 

Types of interventions  

We will include trials comparing simulation-based obstetric team training versus no training, or 

other training (e.g. traditional training, individual training). The criteria that determine whether a 

group of persons constitute a team, are discussed in Types of participants. Eligible studies are 

required to use simulation to educate multiprofessional obstetric teams in skills, teamwork 

(non-technical skills), or both. For a subgroup analysis, we will include trials comparing different 

kinds of simulation-based obstetric team training (e.g. combination of skills and teamwork, 

solely teamwork or skills, CRM-training). Trials solely concerning individual simulation-based 

training or simulation-based team training in other medical fields will not be included. Trials 

about team training, without simulation will also be excluded. 

Simulation training is defined as an artificial representation of a real world process to 

achieve educational goals through experiential learning.31 It is characterised by the use of a wide 

variety of simulation tools that serve as an alternative for real patients. Training can be provided 

in a medical simulation centre or 'in-hospital'. Furthermore, obstetric emergencies are defined 

as pregnancy-related conditions that can threaten the well-being of mother and child during 

pregnancy or around birth. 

Types of outcome measures  

Primary outcomes   

- Maternal and perinatal outcome: 

o Mortality: maternal and perinatal mortality rate 

o Morbidity: assessed by: e.g. number of admissions to intensive care of 

mother/child, Apgar score less than seven after five minutes, hypoxic-ischaemic 

encephalopathy, trauma due to shoulder dystocia 

- Performance of the obstetric team in practice (behaviour), identified by the following: 

o Teamwork performance: e.g. communication, leadership, situational awareness 

(e.g. assessed by rating scale or checklist) 

file:///C:/Users/annemarie/Documents/Onderzoek/Proefschrift/Lezersversie/Chapter%205%20Cochrane/CRIT_PARTICIPANTS
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o Technical skills performance: e.g. applied skills, appropriate use of skills (e.g. 

assessed by rating scale or checklist) 

o Process performance: e.g. time elapsed in emergency situation, adherence to 

guidelines (e.g. assessed by rating scale or checklist) 

Secondary outcomes   

- Performance of the obstetric team in educational settings: 

o Teamwork performance: e.g. communication, leadership, situational awareness 

(e.g. assessed by rating scale or checklist) 

o Technical skills performance: e.g. applied skills, appropriate use of skills (e.g. 

assessed by rating scale or checklist) 

o Knowledge: e.g. about obstetric emergencies, teamwork, technical skills (e.g. 

assessed by a written or oral test) 

- Experience (reaction): e.g. learning experience of trainees, satisfaction (e.g. assessed by 

a satisfaction questionnaire) 

 

Search methods for identification of studies   

The following methods section of this review is based on a standard template used by Cochrane 

Pregnancy and Childbirth. 

Electronic searches  

We searched Cochrane Pregnancy and Childbirth’s Trials Register by contacting their 

Information Specialist (7 June 2017). The Register is a database containing over 23,000 reports 

of controlled trials in the field of pregnancy and childbirth. For full search methods used to 

populate the Pregnancy and Childbirth Group’s Trials Register including the detailed search 

strategies for CENTRAL, MEDLINE, Embase and CINAHL; the list of handsearched journals and 

conference proceedings, and the list of journals reviewed via the current awareness service, 

please follow this link to the editorial information about the Cochrane Pregnancy and Childbirth 

Group in The Cochrane Library and select the ‘Specialised Register ’ section from the options on 

the left side of the screen. Briefly, the Cochrane Pregnancy and Childbirth Group’s Trials Register 

is maintained by their Information Specialist and contains trials identified from: 

1. monthly searches of the Cochrane Central Register of Controlled Trials (CENTRAL); 

2. weekly searches of MEDLINE (Ovid); 

3. weekly searches of Embase (Ovid); 

4. monthly searches of CINAHL (EBSCO); 

5. handsearches of 30 journals and the proceedings of major conferences; 

http://www.mrw.interscience.wiley.com/cochrane/clabout/articles/PREG/frame.html
http://www.mrw.interscience.wiley.com/cochrane/clabout/articles/PREG/frame.html
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6. weekly current awareness alerts for a further 44 journals plus monthly BioMed Central 

email alerts. 

Search results are screened by two people and the full text of all relevant trial reports 

identified through the searching activities described above is reviewed. Based on the 

intervention described, each trial report is assigned a number that corresponds to a specific 

Pregnancy and Childbirth Group review topic (or topics), and is then added to the Register. The 

Information Specialist searches the Register for each review using this topic number rather than 

keywords. This results in a more specific search set which has been fully accounted for in the 

relevant review sections (Included, Excluded, Awaiting Classification or Ongoing). 

In addition, we searched ClinicalTrials.gov and the WHO International Clinical Trials Registry 

Platform (ICTRP) (7 June 2017) for unpublished, planned and ongoing trial reports (see: 

Appendix 1). 

Searching other resources  

We handsearched the available proceedings of the International Meeting on Simulation in 

Healthcare (IMSH) from 2001 to 2016 and the conference of the Society in Europe for Simulation 

Applied to Healthcare (SESAM) from 1994 to 2016. If abstracts met the inclusion criteria, we 

contacted the authors for further assessment of eligibility. We also searched the reference list 

of all retrieved studies. If data were missing, we contacted trial authors. In our search we did not 

apply any language or date restrictions. 

Data collection and analysis   

The following methods section of this review is based on a standard template used by the 

Cochrane Pregnancy and Childbirth Group. 

Selection of studies  

Two review authors independently assessed eligibility of inclusion of all potential studies which 

were identified in our search. We resolved any disagreement through discussion or, if required, 

a third author was consulted. We created a study flow diagram to map out the number of 

records identified, included and excluded. 

Data extraction and management  

We designed a form to extract data. For eligible studies, at least two review authors extracted 

the data using the agreed form. We resolved discrepancies through discussion or, if required, a 

third author was consulted. When information regarding data was unclear, we contacted 

authors of the original reports to provide further details. 

http://clinicaltrials.gov/
http://apps.who.int/trialsearch/
file:///C:/Users/annemarie/Documents/Onderzoek/Proefschrift/Lezersversie/Chapter%205%20Cochrane/01
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Assessment of risk of bias in included studies  

Two review authors independently assessed risk of bias for each study using the criteria outlined 

in the Cochrane Handbook for Systematic Reviews of Interventions.32 We resolved any 

disagreement by discussion. 

(1) Random sequence generation (checking for possible selection bias):  

We described for each included study the method used to generate the allocation sequence in 

sufficient detail to allow an assessment of whether it should produce comparable groups. We 

assessed the method as: a) low risk of bias (any truly random process, e.g. random number 

table; computer random number generator); b) high risk of bias (any non-random process, e.g. 

odd or even date of birth; hospital or clinic record number); c) unclear risk of bias. 

(2) Allocation concealment (checking for possible selection bias) 

We described for each included study the method used to conceal allocation to interventions 

prior to assignment and assessed whether intervention allocation could have been foreseen in 

advance of, or during recruitment, or changed after assignment. We assessed the methods as: 

a) low risk of bias (e.g. telephone or central randomisation; consecutively numbered sealed 

opaque envelopes); b) high risk of bias (open random allocation; unsealed or non-opaque 

envelopes, alternation; date of birth); c) unclear risk of bias. 

(3.1) Blinding of participants and personnel (checking for possible performance bias) 

We described for each included study the methods used, if any, to blind study participants and 

personnel from knowledge of which intervention a participant received. We considered that 

studies are at low risk of bias if they were blinded, or if we judge that the lack of blinding would 

be unlikely to affect results. We assessed blinding separately for different outcomes or classes 

of outcomes. We assessed the methods as: a) low, high or unclear risk of bias for participants; 

b) low, high or unclear risk of bias for personnel. 

(3.2) Blinding of outcome assessment (checking for possible detection bias) 

We described for each included study the methods used, if any, to blind outcome assessors 

from knowledge of which intervention a participant received. We assessed blinding separately 

for different outcomes or classes of outcomes. We assessed methods used to blind outcome 

assessment as: low, high or unclear risk of bias. 

(4) Incomplete outcome data (checking for possible attrition bias due to the amount, nature and 

handling of incomplete outcome data) 

We described for each included study, and for each outcome or class of outcomes, the 

completeness of data including attrition and exclusions from the analysis. We stated whether 
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attrition and exclusions were reported and the numbers included in the analysis at each stage 

(compared with the total randomised participants), reasons for attrition or exclusion where 

reported, and whether missing data were balanced across groups or were related to outcomes. 

Where sufficient information is reported, or can be supplied by the trial authors, we planned to 

re-include missing data in the analyses. We assessed methods as: a) low risk of bias (e.g. no 

missing outcome data; missing outcome data balanced across groups); b) high risk of bias (e.g. 

numbers or reasons for missing data imbalanced across groups; ‘as treated’ analysis done with 

substantial departure of intervention received from that assigned at randomisation); c) unclear 

risk of bias. 

(5) Selective reporting (checking for reporting bias) 

We described for each included study how we investigated the possibility of selective outcome 

reporting bias and what we found. We assessed the methods as: a) low risk of bias (where it is 

clear that all of the study’s pre-specified outcomes and all expected outcomes of interest to the 

review have been reported); b) high risk of bias (where not all the study’s pre-specified outcomes 

have been reported; one or more reported primary outcomes were not pre-specified; outcomes 

of interest are reported incompletely and so cannot be used; study fails to include results of a 

key outcome that would have been expected to have been reported); c) unclear risk of bias. 

(6) Other bias (checking for bias due to problems not covered by (1) to (5) above) 

We described for each included study any important concerns we had about other possible 

sources of bias. We assessed whether each study was free of other problems that could put it 

at risk of bias: a) low risk of other bias; b) high risk of other bias; c) unclear whether there is risk 

of other bias. 

(7) Overall risk of bias 

We made explicit judgements about whether studies are at high risk of bias, according to the 

criteria given in the Handbook.32 With reference to (1) to (6) above, we assessed the likely 

magnitude and direction of the bias and whether we consider it is likely to impact on the findings. 

It was not possible to explore the impact of the level of bias by undertaking sensitivity analyses. 

Assessment of the quality of the evidence using the GRADE approach 

The quality of the evidence has been assessed using the GRADE approach as outlined in the 

GRADE handbook in order to assess the quality of the body of evidence relating to the following 

outcomes for the main comparisons: maternal and perinatal outcome, performance of the 

obstetric team in practice (behaviour), performance of the obstetric team in educational 

settings, experience of trainees. 

http://gdt.guidelinedevelopment.org/central_prod/_design/client/handbook/handbook.html
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We created our own 'Summary of findings tables'. A summary of the intervention effect 

and a measure of quality for each of the above outcomes was produced using the GRADE 

approach. The GRADE approach uses five considerations (study limitations, consistency of 

effect, imprecision, indirectness and publication bias) to assess the quality of the body of 

evidence for each outcome. The evidence can be downgraded from 'high quality' by one level 

for serious (or by two levels for very serious) limitations, depending on assessments for risk of 

bias, indirectness of evidence, serious inconsistency, imprecision of effect estimates or 

potential publication bias. 

Measures of treatment effect  

Dichotomous data 

For dichotomous data, we planned to present results as summary risk ratio with 95% confidence 

intervals if meta-analyses are performed. 

Continuous data 

For continuous data, we planned to use the mean difference if outcomes are measured in the 

same way between trials, and the standardised mean difference to combine trials that measure 

the same outcome, but use different methods. This will only be done whenever meta-analyses 

are performed.  

Unit of analysis issues  

Cluster-randomised trials 

We planned to include cluster-randomised trials in the analyses along with individually-

randomised trials, if appropriate. We planned to adjust their sample sizes using the methods 

described in the Handbook using an estimate of the intracluster correlation coefficient (ICC) 

derived from the trial (if possible), from a similar trial or from a study of a similar population. If 

ICCs from other sources will be used, we planned to report this and conduct sensitivity analyses 

to investigate the effect of variation in the ICC. If only cluster-randomised trials are available to 

pool data, a generic inverse variance meta-analysis will be considered. If both cluster-

randomised trials and individually-randomised trials are identified, we planned to synthesise the 

relevant information. We planned to perform, if possible, a sensitivity analysis to investigate the 

effects of the randomisation unit. 

Cross-over trials 

Cross-over trials were excluded, as we expected a long-term and irreversible effect of training. 
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Other unit-of-analysis issues 

How to deal with a possible unit-of-analysis issue in cluster-randomised trials is described 

above. As we did not include cross-over trials, unit-of-analysis issues concerning individuals who 

undergo more than one intervention, is prevented. 

We included trials with more than two treatment groups. If meta-analyses are performed, 

we planned to assess risk on unit-of-analysis error due to correlated intervention groups. To 

overcome this error we planned to combine groups to create a single pair-wise comparison. In 

this method, all relevant experimental intervention groups of the study are combined in a single 

intervention group and all relevant control groups into a single control group. For dichotomous 

outcomes in these trials, we planned to sum both the sample sizes and the numbers of people 

with events across groups. 

Dealing with missing data  

For included studies, we noted levels of attrition. We planned to explore the impact of including 

studies with high levels of missing data in the overall assessment of treatment effect by using 

sensitivity analysis. We did not use any form of data imputation, since these assumptions can 

never reliably compensate for missing data33. For all outcomes, we planned to carry out 

analyses, as far as possible. 

Assessment of heterogeneity  

We planned to assess statistical heterogeneity in each meta-analysis using the T², I² and Chi² 

statistics. We regarded heterogeneity as substantial if an I² is greater than 30% and either the T² 

is greater than zero, or there is a low P value (less than 0.10) in the Chi² test for heterogeneity. 

Assessment of reporting biases  

If there are 10 or more studies in the meta-analysis we planned to investigate reporting biases 

(such as publication bias) using funnel plots. 

Data synthesis  

We planned to carry out statistical analysis using the Review Manager software. We planned to 

use fixed-effect meta-analysis for combining data where it is reasonable to assume that studies 

are estimating the same underlying treatment effect: i.e. where trials are examining the same 

intervention, and the trials’ populations and methods are judged sufficiently similar. If there is 

clinical heterogeneity sufficient to expect that the underlying treatment effects differ between 

trials, or if substantial statistical heterogeneity is detected, we planned to use random-effects 
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meta-analysis to produce an overall summary, if an average treatment effect across trials is 

considered clinically meaningful. 

Subgroup analysis and investigation of heterogeneity   

If we identify substantial heterogeneity, we will investigate it using subgroup analyses and 

sensitivity analyses. We will consider whether an overall summary is meaningful, and if it is, use 

random-effects analysis to produce it. Subgroup analyses will be performed on the primary 

outcome measures: maternal and neonatal outcome and behaviour of the obstetric team in 

practice. We plan to carry out the following subgroup analyses. 

1. Context of training: low- and middle-income countries, high-income countries. 

2. Type of team training: individual skills or teamwork, or both. 

3. Duration of training: one day of training and more than one day of training. 

4. Location of training: medical simulation centre or 'in-hospital' training. 

5. Time point of assessing outcomes: until six months, one year after the intervention, and 

more than one year after the intervention. 

6. Training design: with or without the principles of deliberate practice. 

The following outcomes will be used in subgroup analysis: maternal and perinatal outcome, 

performance of the obstetric team in practice. 

We will assess subgroup differences by interaction tests available within RevMan. We will report 

the results of subgroup analyses quoting the Chi2 statistic and P value, and the interaction test 

I² value. 

Sensitivity analysis  

A sensitivity analysis will be performed for aspects of the review that might affect the results, 

for example, where there is risk of bias associated with the quality of some of the included trials. 

Only primary outcome measures will be included in the sensitivity analyses. 

We will take the following forms of bias into account for carrying out sensitivity analyses: 

attrition, reporting and selection bias. We consider these forms of bias as the ones with the 

greatest risk to cause an overestimation of treatment effects. We will assess whether attrition 

and exclusions were reported, reasons for attrition were reported, and whether the missing data 

were balanced across groups or were related to outcomes. Trials in which description of attrition 

or exclusions is missing or unclear, or more than 20% of data are missing, will be excluded in 

the sensitivity analyses. Reporting bias due to selective outcome reporting will be evaluated by 

assessing the presence of pre-specified outcomes in the results, whether presented data were 
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pre-specified and whether including data about a key outcome is lacking. In case of high risk of 

reporting bias, trials will be excluded from sensitivity analyses. Allocation concealment will be 

judged as adequate if allocation concealment is clearly described and an appropriate way of 

concealment is used, e.g. sequentially numbered, opaque, sealed envelopes and central 

randomisation. In the case of unclear or inadequate allocation, concealment trials will be 

excluded from the sensitivity analyses. 

We will also carry out a sensitivity analysis to explore the effects of fixed-effect or 

random-effects analyses for outcomes with statistical heterogeneity and the effects of the value 

of the ICC used for cluster-randomised trials. 

RESULTS 

Description of studies   

Results of the search 

The search performed by the Cochrane Pregnancy and Childbirth Group yielded 85 trial reports. 

Based on these reports, 4 additional reports were identified and added to the search. After 

searching the proceedings of the International Meeting on Simulation in Healthcare (IMSH) from 

2006 until 2016 and the proceedings of the Society in Europe for Simulation Applied to 

Healthcare (SESAM) 2014, an additional 165 reports were identified. Unfortunately, the 

remaining proceedings of IMSH (2001 until 2006) and SESAM (2010-2013 and 2015-2017) were 

not available. After removing the duplicates, 230 reports were eligible for screening by two 

independent reviewers using a standardised data form (AF and FB). A total of 187 reports were 

excluded based on their title and/or abstract. This resulted in 43 reports for further assessment 

(see Figure 1). The two reviewers reached consensus about the eligibility of 37 reports, for six 

reports a third reviewer (SO) was consulted. Seven authors were contacted for additional 

information.23,34-39 Of the 43 eligible reports, 36 reports were excluded (for reasons see Figure 

1), which resulted in the inclusion of seven reports representing seven studies. The details of the 

included studies are reported in the Characteristics of included studies. 

Included studies  

Seven studies reported on the effect of simulation-based obstetric team training and met our 

inclusion criteria.25,38,40-44 Four studies compared a simulation-based obstetric team training with 

no intervention.25,38,42,44 One study compared a simulation-based obstetric team training with a 

didactic intervention.41 The remaining two studies had three study groups with a combined 

intervention group (didactic and simulation), didactics only group, and either a simulation only40 

file:///C:/Users/annemarie/Documents/Onderzoek/Proefschrift/Lezersversie/Chapter%205%20Cochrane/01
file:///C:/Users/annemarie/Documents/Onderzoek/Proefschrift/Lezersversie/Chapter%205%20Cochrane/01
file:///C:/Users/annemarie/Documents/Onderzoek/Proefschrift/Lezersversie/Chapter%205%20Cochrane/01
file:///C:/Users/annemarie/Documents/Onderzoek/Proefschrift/Lezersversie/Chapter%205%20Cochrane/CHARACTERISTICS_OF_INCLUDED_STUDIES
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or a control group.43 All studies used a randomised design of which in five studies the 

randomisation was at the cluster level.25,38,42-44 

Studies evaluating patient outcome and/or performance in practice 

Three studies investigated the effect on patient outcome.38,42,43 The effect on performance in 

practice of the obstetric care team was addressed in two studies.25,44 

Riley et al. performed a cluster-randomised study in the United States involving all 

multiprofessional obstetric staff of three hospitals.43 The hospitals were assigned to three study 

groups: a teamwork curriculum provided by didactics (60 trainees), didactics combined with 

simulation (36 trainees), or no training course (38 trainees). The content of the didactic training 

included a condensed teamwork curriculum (based on TeamSTEPPS), focusing on situational 

awareness, standardised communication (Situation-Background-Assessment-

Recommendation-Readback (SBAR-R)), closed loop communication, and shared mental model. 

These skills were additionally presented in a 30-minute audio visional webinar. In the simulation 

group, the same teamwork skills were addressed in a one-day training course using three in situ 

simulations (uterine rupture, placental abruption and postpartum haemorrhage), followed by a 

2-hour debriefing. A four year trend in perinatal outcome (using the Weighted Adverse Outcome 

Score (WAOS)), including a pre-intervention period and an estimated follow-up of 12 months, 

was presented. Besides, an evaluation of the culture of safety was performed (using the Safety 

Attitudes Questionnaire (SAQ)). An estimated number of 1769 births per year were studies in the 

follow-up period. 

Fransen et al. reported on a cluster-randomised study that included nearly all 

multiprofessional obstetric staff of 24 hospitals in the Netherlands.25,42 The inclusion of 24 

hospitals was based on a sample size calculation, with an intracluster correlation coefficient 

(ICC) of 0.08. A computerised stratified randomisation was applied to allocate hospitals to the 

intervention (n=12) or control group (n=12). In the intervention group 471 trainees received a 

one-day, simulation-based obstetric team training course in a simulation centre. The control 

group received no team training. The content of the team training focused on crew resource 

management (CRM) skills applied in different clinical scenarios, including: shoulder dystocia, 

eclampsia, postpartum haemorrhage, umbilical cord prolapse and resuscitation of a pregnant 

woman. The primary outcome in the study of Fransen et al. (published in 2012) was team 

performance in practice and the use of two specific obstetric procedures, measured during an 

unannounced in situ simulation six to eight months post-intervention.25 The primary outcome in 

the study of Fransen et al. (published in 2017) concerned the effect on maternal and perinatal 
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outcome until 12 months post-intervention.42 In the follow-up period, 28,657 singleton 

pregnancies beyond 24 weeks of gestation were studied.  

 

 

Figure 1. Study flow diagram. 
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Walker et al. and Fritz et al. described a cluster-randomised study in Mexico.38,44 A pair-

matched, cluster-randomised design was used to allocate 12 hospitals to a simulation-based 

obstetric team training, and 12 hospitals to no intervention. They calculated that by using a one-

sided test, and an intraclass correlation of 0.05, 12 hospitals in the intervention group would 

yield a power of 60% to detect 75% reduction in the main outcomes.38,44 The training course 

consisted of three full days of in situ simulations, in which 450 trainees received the first two 

training days and 305 completed all three days. Participation was based on a pre-selection by 

the hospital board, and on voluntary basis, resulting in a participation rate of 20.5% of eligible 

staff. The first two training days focused on teamwork, obstetric haemorrhage and neonatal 

resuscitation. The third training day, two to three months later, focused on shoulder dystocia, 

pre-eclampsia and eclampsia. The primary outcome of Walker et al. was neonatal deaths at 12 

months follow-up.38 Besides, the impact on maternal complications, including obstetric 

haemorrhage, hysterectomy, and eclampsia, as well as a composite measure (including 

obstetric hysterectomy, obstetric haemorrhage and maternal deaths) was studied in 50,589 live 

births during 12 months of follow-up. Fritz et al. investigated the probability of routine birth 

practices after receiving the intervention.44 They performed a second power calculation, 

showing that an intraclass correlation of 0.05, whereby the average cluster size was 27 

deliveries, would result in 80% power to detect a 10 to 15% difference between study groups 

(two-sided). The routine practices included: active management of third stage of labour 

(AMTSL), delayed cord clamping, skin-to-skin contact between mother and child, episiotomy, 

fundal uterine pressure, and uterine sweeping. Data collection was achieved by the observation 

of 648 births (318 in the intervention, and 323 in the control group) at four time points (baseline, 

4, 8 and 12 months post-intervention). 

Studies evaluating performance in educational settings and/or experience of trainees 

Two studies addressed the effect on the performance of obstetric teams in educational 

settings.40,41 Birch et al. reported on a randomised trial in the United Kingdom that evaluated 

three one-day interventions in one hospital: lecture-based teaching (didactics), simulation-based 

teaching (in situ) and a combination of these two.40 The unit of randomisation was at the level 

of the multiprofessional teams. They intended to provide a training course for all staff members. 

In total six teams, consisting of six trainees each, were randomised using sealed envelopes in a 

ratio of 1:1:1. The training content comprised topics as team roles, leadership, communication 

and delegation, which were addressed in the context of a postpartum haemorrhage. Primary 

outcome consisted of team performance in the educational setting: a summation of individual 

knowledge scores and team score derived from Objective Structured Clinical Examination 

(OSCE) criteria. In addition, trainees' perception of enjoyment, knowledge, confidence and 
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effectiveness as a team was tested with a 5-point Likert scale. The study was supplemented 

with qualitative data received from semi-structured interviews one year after the intervention. 

All teams underwent a pre-intervention test, and were subsequently tested immediately after the 

intervention, and again after three months. 

Daniels et al. performed a randomised trial of eight multiprofessional obstetric teams 

(with 32 trainees) of one hospital in the United States.41 Participation was on voluntary basis. 

They applied a computerised randomisation for the allocation of the teams to simulation-based 

teaching or a didactic intervention. The simulation group received a 3-hour simulation-based 

obstetric team training (on eclampsia, shoulder dystocia and crisis resource management) in a 

simulation centre, while the didactic group received 1.5 hour of classroom lecture on eclampsia, 

and watched a 26-minute videotape on shoulder dystocia, followed by 30 minutes of hands-on 

demonstration on a pelvic model. The main outcomes included knowledge (multiple-choice 

questionnaire) and team performance (assessed with a checklist which included the correct 

execution and efficiency of manoeuvres as well as teamwork). A pre- and post-intervention 

assessment (at one month) was obtained. 

Excluded studies  

We excluded 36 reports that evaluated simulation-based team training courses. The studies are 

described in Characteristics of excluded studies. The main reason for exclusion was a non-

randomised design in 17 studies. Another important reason for exclusion was the comparison 

between different types of simulation-based obstetric team training courses instead of 

comparing them with no training or another type of training.45-51 Two studies were excluded as 

it turned out that they did not use any form of simulation.23,52 Five studies did not involve 

multiprofessional obstetric teams.53-57 Of two reports only a conference abstract was available, 

and the three remaining studies were ongoing studies (see Characteristics of ongoing 

studies).35,36,39 

Non-randomised studies 

In total 17 non-randomised studies were excluded, but all of them found positive effects after 

training. Four of these studies evaluated the effect on knowledge, skills and/or confidence. 

Crofts et al. evaluated the effect of a 40-minute workshop on shoulder dystocia.58 Assessments 

were performed before training, and after three weeks, six months and 12 months. Training 

resulted in improved performance, in which annual training is recommended for those who were 

proficient before training. More frequent training should be provided for trainees that initially 

were lacking competency. Nelissen et al. performed a pre-post analysis in which they identified 

an improvement in knowledge, skills, and confidence immediately after training for postpartum 

file:///C:/Users/annemarie/Documents/Onderzoek/Proefschrift/Lezersversie/Chapter%205%20Cochrane/CHARACTERISTICS_OF_EXCLUDED_STUDIES
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haemorrhage.59 After nine months, knowledge and basic delivery skills decayed, while 

confidence and simulated obstetric emergency skills retained. Kumar et al. described, in a pre-

post study, that a simulation workshop about home births was evaluated as being useful.60 

Watters et al. identified additional positive effects on self-efficacy for nurses and doctors 

following simulation-based interprofessional training compared to monoprofessional training.61 

Six studies reported on non-technical skills after simulation-based team training and 

were excluded based on their study design. Walker et al. performed pre-post analyses, that 

demonstrated improvement of knowledge, self-efficacy, and teamwork scores following 

PRONTO training in Mexico and Guatemala.62,63 The PRONTO training course in Guatemala also 

resulted in an improvement of evidence-based practices, patient-centred care, and teamwork.64 

Zabari et al. identified an improvement in patient satisfaction with teamwork of the neonatology 

and obstetric services, improved team responses and communication skills.65 An improvement 

in communication following annual simulation-based training was also identified by Dadiz et 

al..66 Robertson et al. identified a positive change in attitude, perception of individual and team 

performance, and overall team performance in a simulated environment.67 

The remaining seven excluded non-randomised studies investigated the effect on 

patient outcome. Draycott et al. described an association between shoulder dystocia training 

and improvement of clinical management, and neonatal outcome, in a retrospective 

observational study.68 These results were affirmed by Crofts et al., who identified significant 

benefits in an interrupted time-series study of a long-term training program for the management 

of shoulder dystocia.69 In two other retrospective observational studies by Draycott et al. and 

Siassakos et al.,26,70 obstetric emergency training courses were associated with a significant 

reduction in low Apgar scores after five minutes and hypoxic-ischemic encephalopathy (HIE), 

and improved management of cord prolapse. In another retrospective cohort, it was 

demonstrated that after training the management and documentation of shoulder dystocia 

improved, and that there might be beneficial effects on neonatal injuries.71 Egenberg et al. also 

used a retrospective design and identified a reduction of blood transfusion after training.72 

Truijens et al. performed a pilot study with a pre-post design, in which transmural simulation-

based team training seemed to improve patient-reported quality of care.73 

Randomised studies comparing different types of simulation-based obstetric team training 

Seven studies compared two different types of simulation-based obstetric team training 

courses. As they did not compare the intervention with no training or another type of training, 

these studies were excluded. Crofts et al. examined the impact of high-fidelity mannequins 

versus traditional devices for the training of shoulder dystocia.74 They found an overall increase 
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of successful deliveries (tested with an in situ simulation), showing that the likelihood of delivery 

after the use of high-fidelity mannequins was higher than after the use of traditional devices. 

Crofts et al. and Ellis et al. report on a same study in which knowledge (acquisition and retention), 

patient-actor perception of care, and performance (three weeks post-intervention) were 

tested.46-48,51 The following study groups were included: 1) one-day course at local hospital, 2) 

one-day course at simulation centre, 3) two-day course with teamwork training at local hospital, 

and 4) two-day course with teamwork training at simulation centre. They described an overall 

improvement in knowledge,46 patient-actor perception of care,47 and performance.48 Neither 

location, nor inclusion of teamwork training, affected knowledge acquisition,46 knowledge 

retention,51 or performance.48 Perception of safety and communication was significantly better 

with the use of patient-actors compared to the use of mannequins.47 

Rovamo et al. found no additional effect of a pre-training instruction of non-technical 

skills, for the acquisition of teamwork skills.75 Sørensen et al. compared on-site versus off-site 

training and found no significant differences in knowledge, patient safety attitude, motivation, or 

stress measurements when comparing in situ simulation versus off-site simulation. However, 

in the in situ simulation group there were more suggestions for organisational changes.76 

Risk of bias in included studies   

We considered only two trials to be of low risk of bias.3,42 Two trials were considered to be of 

high risk of bias, as there was risk of selection bias, detection bias, performance bias, 

recruitment bias, and unit-of-analysis error.40,43 In the remaining three studies there were also 

indications for selection, detection or other risk of bias (including recruitment or unit-of-analysis 

error), but in these studies the type of bias seemed to affect results less. In the ´Risk of bias´ 

section of the Characteristics of included studies table, detailed information of each study is 

provided. The risk of bias is summarised in Figure 2. 

Allocation (selection bias)  

Three out of seven included studies had a high risk on selection bias due to inadequate random 

sequence generation, and poor concealment of allocation.38,43,44 Fritz et al. and Walker et al. 

reported on the same study design, in which 11 of the 24 included hospitals dropped out before 

the start of the baseline data collection.38,44 These hospitals were replaced, but the way this was 

performed increased the risk on selection bias. Riley et al. did not describe any details about the 

randomisation procedure.43 In the study by Birch et al., a random sequence was generated, but 

allocation concealment was not guaranteed.40 The remaining three studies had an adequate 

randomisation and allocation concealment.3,25,42 
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Blinding (performance bias and detection bias)  

Blinding of the hospitals and trainees in order to minimise performance bias was not performed 

in any of the studies as this was not possible. The risk on performance bias for the applied 

objective outcome measures in most studies is expected to be limited. In one study,40 the risk 

on performance bias for the subjective outcome measure ‘perceived knowledge/confidence’ is 

unclear. 

In the cluster-randomised studies examining the effect on behaviour in practice and 

patient outcome, patients were probably blinded to the allocation status of the hospital they 

were admitted.38,42-44 This is not explicitly mentioned in any of the studies. However, the risk on 

bias for these objective patient outcome measures is expected to be very low. Considerations 

and methods to minimise performance bias were not clearly described. 

Blinding of data collectors or analysts in order to decrease detection bias is only 

performed in three out of seven studies.3,25,40 None of the randomised trials studying the effect 

on patient outcome ensured blinding of research personnel. 

 
Figure 2. Risk of bias summary: review authors' judgements  

about each risk of bias item for each included study. 



Chapter 5 

104 
 

Incomplete outcome data (attrition bias)  

Overall, follow-up was good in all studies, and risk on attrition bias was therefore low in all 

included studies. Birch et al. and Riley et al. did not report on any missing data in their 

manuscripts.40,43 Daniels et al. reported on missing team members in five teams which were 

replaced by faculty members (equally divided over study groups).3 Fransen et al. (2012) 

described an inability to evaluate three out of 48 videos.25 In the four cluster-randomised studies 

on behaviour in practice and patient outcome, there were no clusters loss to follow-up after the 

intervention was rolled out.38,42-44 Walker et al. described missing data in the first, fifth and ninth 

month post-intervention, but these missing data were similar for all included hospitals.38 

Selective reporting (reporting bias)  

Birch et al. was the only included study in which risk on selective reporting was detected.40 Two 

outcome measures, concerning the ‘perceived effectiveness as a team’ and ‘how much trainees 

enjoyed the training’ were not reported in the results section. In the other studies there was low 

risk on reporting bias. 

Other potential sources of bias 

Two of the cluster-randomised studies had a high risk on recruitment bias, since trainees were 

recruited after inclusion of the hospitals and participation was on voluntary basis.38,44 Of the 

cluster-randomised studies, two had a high risk on other bias due to a lack of taken the clustering 

effect into account.25,43 One study was considered to have high risk on performance bias due to 

different co-interventions in the simulation group.43 

Effects of interventions   

See: Summary of findings table 2; Summary of findings table 3; Summary of findings table 4; 

Summary of findings table 5 

I. Simulation-based obstetric team training compared with no training (Comparison I) 

We identified five studies that made a comparison of simulation-based obstetric team training 

with no training.25,38,42-44 All of these studies used a cluster-randomised design. In three studies 

training was provided by in situ simulations,38,43,44 in the remaining two studies, training was 

provided in an off-site medical simulation centre.25,42 Given the substantial variation in 

participants, interventions, and outcomes, pooling of data to perform a meta-analysis was only 

appropriate for two studies regarding two outcome measures: neonatal mortality and 

eclampsia.38,42 The other studies and outcome measures are presented in tabular form, 

file:///C:/Users/annemarie/Documents/Onderzoek/Proefschrift/Lezersversie/Chapter%205%20Cochrane/02
file:///C:/Users/annemarie/Documents/Onderzoek/Proefschrift/Lezersversie/Chapter%205%20Cochrane/03
file:///C:/Users/annemarie/Documents/Onderzoek/Proefschrift/Lezersversie/Chapter%205%20Cochrane/04
file:///C:/Users/annemarie/Documents/Onderzoek/Proefschrift/Lezersversie/Chapter%205%20Cochrane/05


 Cochrane review: multiprofessional simulation-based team training in obstetrics 

105 
 

including the effect measures arrived from the studies (see: Summary of findings table 2; 

Summary of findings table 3).  

Primary outcome 

Maternal and perinatal outcome 

In three studies, a composite outcome of maternal and/or perinatal adverse events (including 

different individual outcome measures in each study) was assessed over an (estimated) period 

of 12 months.38,42,43 Riley et al. reported a lower mean score of the Weighted Adverse Outcome 

Score (WAOS; mean score of 0.72 versus 1.50; low quality of evidence), after simulation-based 

obstetric team training combined with didactics, compared to no training.43 In the other two 

studies, with high and moderate quality of evidence, a composite outcome of adverse events did 

not differ between the simulation-based obstetric team training group and the control group.38,42 

From these two studies, data about neonatal mortality and eclampsia, with a follow-up period 

of 12 months, could be pooled to perform meta-analyses. This suggested a trend towards lower 

neonatal mortality (Figure 3, OR 0.70, 95% CI 0.48 to 1.01, with low statistical heterogeneity, I2 

= 0%; calculated summary risk ratio of 0.70), and eclampsia after simulation-based obstetric 

team training (Figure 4, OR 0.64, 95% CI 0.31 to 1.31, low statistical heterogeneity, I2 = 0%; 

calculated summary risk ratio of 0.64). As both studies were cluster-randomised studies that 

applied an appropriate analyses at the cluster-level, we performed generic inverse variance 

analyses based on effect estimates derived from the study of Fransen et al. (2017) (odds ratio 

(OR)).42 Walker et al. reported incidence rate ratios (IRR), using a difference-in-difference 

approach.38 As in randomised trials, rate ratios are often very similar to relative risks, and the 

number of events were low, we interpreted the IRR as being odds ratios.  

 

Figure 3. Forest plot of comparison: 1 Simulation-based obstetric team training (SBOTT) versus no training, 

outcome: 1.1 Neonatal mortality after 12 months. 
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Figure 4. Forest plot of comparison: 1 Simulation-based obstetric team training (SBOTT) versus no training, 

outcome: 1.2 Eclampsia after 12 months. 

Due to clinical heterogeneity, we judged it inappropriate to pool data for the other 

outcome measures or time points. Among these results, several positive effects were 

acknowledged for simulation-based obstetric team training versus no training. Fransen et al. 

described a lower number of trauma due to shoulder dystocia (1/1000 versus 2/1000; OR 0.50, 

95% CI 0.25 to 0.99), and a higher number of invasive treatment for severe postpartum 

haemorrhage (3/1000 versus 1/1000; OR 2.2, 95% CI 1.2 to 3.9) in the training group versus the 

control group.42 Walker et al. identified a lower number of caesarean sections in the intervention 

group (291/1000), compared to the control group (368/1000; IRRDID 0.80, 95% CI 0.68 to 0.93), 

after 12 months.38 This lower number of caesarean sections was also identified after four, eight 

and 12 months (non-cumulative data). Furthermore, at eight months post-intervention, a lower 

number of neonatal mortality was observed in the training group compared to the control group 

(8/1000 versus 14/1000; IRRDID 0.59, 95% CI 0.37 to 0.94). The results are summarised in 

Summary of findings table 2. 

Performance of the obstetric team in practice (behaviour) 

Performance of the obstetric team in practice was reported in two cluster-randomised 

controlled studies, both with a moderate quality of evidence.25,42 Fransen et al. performed 48 

unannounced in situ simulations in 24 hospitals, eight months after the intervention.25 The 

training group received a median score of 7.5 for team performance, versus a score of 6.0 in the 

control group (p 0.014; assessed with the Clinical Teamwork Scale77). The use of predefined 

obstetric procedures for two clinical scenarios was observed in 83% of the scenarios in the 

training group versus 46% in the control group (P 0.009). Fritz et al. observed 641 births in 24 

hospitals, divided over four time points (baseline, four, eight and 12 months post-intervention), 

resulting in 6.25 (SD 2.8, range 1-12) observed births per hospital at each time point.44 At eight 

months post-intervention, they estimated an 18 percentage point increase of fundal pressure (P 

0.034), and a 22 percentage point decrease of uterine sweeping (P 0.010), in the training group 

versus the control group. The authors note that the increase of fundal pressure seems to be 

caused by an unexplained decrease in the control group. The results of both studies are 

summarised in Summary of findings table 3. Fritz et al. also performed an evaluation at four and 
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12 months after the intervention.44 At four months post-intervention an increase of performing 

a complete active management of third stage of labor (AMTSL; p 0.044), and decrease of uterine 

sweeping (P 0.001) was observed. At 12 months, a significant increase of the first step of 

AMTSL (P 0.026), and delayed cord clamping (P 0.004) was identified. The authors concluded 

that despite the significant impacts on several routine practices, none of the changes were 

consistent or sustained over time. 

Secondary outcomes 

Performance of the obstetric team in educational settings 

There were no studies identified that evaluated the impact on performance of the obstetric team 

in educational settings after simulation-based obstetric team training versus no training. 

Experience (reaction) 

No studies were identified that evaluated the experience of trainees in simulation-based team 

training versus no training. 

II. Simulation-based obstetric team training compared with other type of training (Comparison II) 

We identified three randomised controlled studies that compared simulation-based obstetric 

team training with another type of training.3,40,43 In all three studies, a comparison with didactics 

was performed. Birch et al. included three study groups: lecture-based teaching, lecture and 

simulation-based teaching, and simulation-based teaching.40 Daniels et al. used two study 

groups: simulation and didactics.3 Riley et al. included the following three study groups: full 

intervention (simulation and didactic), didactics only, and a control group.43 The clinical and 

methodological heterogeneity was too large to pool study data. The results of the studies, with 

effect measures arrived from the studies, are presented in Summary of findings table 4; 

Summary of findings table 5. 

Primary outcomes 

Maternal and perinatal outcome 

There was one relevant cluster-randomised controlled study included.43 The Weighted Adverse 

Outcome Score (WAOS) was used to assess maternal and perinatal outcome. The WAOS 

represents an average adverse event score per delivery.78 It includes the following outcome 

measures: maternal death, intrapartum or neonatal death (more than 2500g), uterine rupture, 

maternal admission to ICU, birth trauma (Erb's palsy, vacuum or forceps injury), return to 

operation room or labor and delivery unit, admission to NICU (more than 2500g for more than 

24 hours), Apgar score less than 7 after 5 minutes, blood transfusion, third- or fourth-degree 

perineal tear. Riley et al. reported a WAOS of 0.72 for the full intervention group (simulation-
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based team training combined with didactics), compared to 1.45 for the didactics only group.43 

We rated the quality of evidence low because of risk on selection and detection bias, and ignored 

the clustering effect in the analysis. Beside, this evidence was only available from one study. 

Performance of the obstetric team in practice (behaviour) 

We identified no studies that reported on the performance of the obstetric care team in practice 

after simulation-based team training compared to other type of training. 

Secondary outcomes 

Performance of the obstetric team in educational settings 

Two randomised trials reported on performance of the obstetric team in educational settings. 

Daniels et al. assessed knowledge and performance of obstetric teams one month post-

intervention (high level of evidence).3 A multiple choice questionnaire yielded no change in 

knowledge scores between study groups (2.78 versus 1.31, for the simulation and didactic 

group respectively; P = 0.06). The trainees' performance was assessed in a labor and delivery 

drill. A checklist was designed to score the performance and included: correct execution, 

efficiency as well as teamwork used during the drill. The performance assessment showed a 

higher score for the simulation group versus the didactic group for the management of shoulder 

dystocia and eclampsia (shoulder dystocia: 11.75 versus 6.88, P = 0.002; eclampsia: 13.25 

versus 11.38, P = 0.032). Birch et al. assessed team performance directly after training, and three 

months later (low quality of evidence).40 A questionnaire and Objective Structured Clinical 

Examination (OSCE) criteria were applied for assessment. In all study groups an improvement 

in performance was seen directly after training, and three months post-intervention. They 

reported that teaching method had no significant impact on score, probably due to a small 

sample size (P 0.086). Trainees were also asked to indicate their perception of knowledge and 

confidence. The trainees of the didactic intervention seemed to improve the most, measured 

directly after training, while the simulation and combination group were able to maintain their 

improvement after three months. No statistics were performed. After one year, Birch et al. 

performed semi-structured interviews yielding qualitative data.40 The trainees of the simulation 

group reported lower levels of anxiety in subsequent emergencies, development of transferable 

skills, more confidence dealing with any emergency, and improvement in communication and 

teamwork. 

Experience (reaction) 

Birch et al. was the only study reporting on trainees’ experience.40 From semi-structured 

interviews one year after the intervention, qualitative data demonstrated that the trainees from 

the simulation group enjoyed the training day the most. No statistical analyses were performed. 
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DISCUSSION 

Summary of main results   

Adequate performance of the obstetric care team is essential for safe management of obstetric 

emergencies. If team performance fails, serious morbidity and mortality for mothers and their 

babies can be the consequence. Simulation-based training of obstetric care teams has been 

recommended to prevent such substandard care. In the current review, we studied the effect of 

simulation-based obstetric team training on patient outcome, performance of the obstetric care 

team in practice and educational settings, and trainees' experiences. The intervention was 

compared to no training or another type of training. We identified seven randomised studies, 

including five cluster-randomised studies.25,38,42-44 We judged that a meta-analysis was only 

appropriate for two outcome measures in two studies,38,42 because of substantial clinical and 

methodological heterogeneity. For the same reasons, and due to the small amount of included 

studies, we did not perform any subgroup or sensitivity analyses. 

Simulation-based obstetric team training versus no training 

We identified five cluster-randomised studies comparing simulation-based obstetric team 

training versus no training. Simulation-based obstetric team training was not able to change 

combined outcome measures of adverse events in two studies with a follow-up period of one 

year (high quality of evidence42 and moderate quality of evidence38). Pooling of data showed a 

trend towards lower neonatal mortality, and no effect on eclampsia. Several positive effects 

after training were described in both studies, regarding a lower number of trauma due to 

shoulder dystocia after 12 months,42 more frequent application of invasive treatment for 

postpartum haemorrhage after 12 months,42 lower number of caesarean sections after 12 

months,38 and lower number of neonatal mortality at eight months post-intervention. A third 

study, with a low quality of evidence, showed a lower score on the Weighted Adverse Outcome 

Score (WAOS) in the full intervention group versus the control group.43 Team performance in 

practice improved after simulation-based obstetric team training, compared to no training, eight 

months post-intervention.25,44 Better teamwork skills, essential medical technical skills, and 

specific routine practices were described. The effect on routine practices was also assessed at 

four and 12 months after the intervention, but the results did not sustain over time.44 None of 

the included studies reported on the performance of the obstetric team in educational settings 

or the experience of trainees. 
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Simulation-based obstetric team training versus other type of training 

Three randomised studies were identified for this comparison, of which one study with low 

quality of evidence reported on patient outcome. Compared to didactics only, simulation-based 

obstetric team training combined with didactics resulted in a lower score on the WAOS.43 

Performance in educational settings was evaluated in two studies. High quality evidence 

revealed an improvement in team performance in the management of shoulder dystocia and 

eclampsia one month after simulation-based obstetric team training compared to didactics.3 

No difference in knowledge scores between study groups was identified. Low quality of evidence 

from another study showed improvement of team performance three months after the 

intervention, but no effect of teaching method was identified (including simulation-based 

obstetric team training, didactics, or a combination of these two40). Perceived knowledge and 

confidence improvement directly after training was the largest for the trainees of the didactic 

intervention, while the simulation and combination group were able to maintain improvement 

after three months. Qualitative data after one year showed lower levels of anxiety in subsequent 

emergencies, transferable skills, more confidence dealing with any emergency, improved 

communication and teamwork, and the largest enjoyment of training in the simulation group. 

Overall completeness and applicability of evidence   

Several randomised studies with varying levels of evidence were identified, but the available 

evidence was limited to meet the comparisons and outcome measures. Besides, most included 

studies had a substantial clinical and methodological heterogeneity which made meta-analyses 

inappropriate. Evidence from the included studies are specifically applicable to obstetric team 

training, since no other medical disciplines were included. As the studies were performed in 

middle- and high-income countries (Mexico, the Netherlands, United Kingdom and United 

States), the results cannot be extrapolated to countries with low-income economies. Strong 

evidence for a positive effect on patient outcome following simulation-based obstetric team 

training is limited. The effect on performance of the obstetric teams is more evident. Many of 

the studies identified were non-randomised studies, exposing a positive learning effect of 

simulation-based obstetric team training. These studies might have contributed in the general 

acceptance of the beneficial effects of simulation-based obstetric team training, and the 

initiating of training courses all over the world. Nowadays, research in medical education is 

focused on optimalisation of training courses in order to achieve the highest possible effect. 

However, regarding the limited effect found on patient outcome while comparing simulation-

based obstetric team training with no training, the comparison with other types of simulation-

based training is expected to be challenging. Considering different outcome measures - e.g. 
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substandard care indicators, near misses, weighted outcomes - with higher incidence rates, can 

be supportive. In the meantime, one should be aware that applying a suboptimal training design 

could possibly result in a limited learning effect, and this might not balance with the invested 

effort, time, and expenditures. 

Quality of the evidence   

Risk of bias varied across the included studies. The most frequent observed bias referred to the 

lack of blinding of outcome assessors,38,42-44 and allocation concealment38,40,43,44. In three studies 

inadequate random sequence generation was also identified.38,43,44 Two studies had a high level 

of evidence according to the GRADE assessment.3,42 These studies investigated the effect on 

knowledge, team performance in educational settings, and patient outcome. Three studies that 

assessed the effect on team performance both in practice and patient outcome, were 

downgraded to moderate quality of evidence.25,38,44 Reasons included substantial risk of bias 

(lack of allocation concealment, no blinding of assessors, clustering not taken into account), and 

a small sample size. The studies by Birch et al.40 and Riley et al.43 were rated as low quality of 

evidence. The reasons were comparable, but the risk of bias was assessed to be higher. In 

general, the quality of evidence of the included studies was moderate; hence especially the 

studies with a moderate or high quality of evidence allow further conclusions (Summary of 

findings table 2; Summary of findings table 3; Summary of findings table 4; Summary of findings 

table 5). 

Potential biases in the review process   

We pursued to minimise the risk of bias in the review process as much as possible. The search 

was performed by the information specialist of the Cochrane Pregnancy and Childbirth’s Trials 

Register. Selection of studies was non-blinded, but this was done independently by two 

researchers and in this way bias is largely reduced. We contacted authors for additional 

questions and obtained data that facilitated the analyses. Bcause the limited number of included 

studies and substantial heterogeneity, we did not perform any subgroup or sensitivity analyses. 

We have presented the data, that could not be used for pooling, in a table, displaying the effect 

measures presented by the studies (Summary of findings table 2; Summary of findings table 3; 

Summary of findings table 4; Summary of findings table 5). There were no other deviations from 

the study protocol. 

Agreements and disagreements with other studies or reviews   

We identified four previously published reviews that addressed the effect of (obstetric) 

simulation-based team training.28,79-81 Cook et al. performed a systematic review about 

technology-enhanced training, including individual as well as team training, in a variety of 
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medical disciplines.80 Large effects on knowledge, skills and behaviours were demonstrated. 

However, the effect on patient outcome was moderate. The systematic review by Boet et al.  

focused on teaching crisis resource management (CRM) with simulation-based training.79 

Different medical disciplines were included, while examining the transfer of learning to patient 

outcome. Four included studies described the translation to the workplace, of which three 

showed positive effects. Boet et al. included five studies reporting on patient outcome, but only 

one study could demonstrate a significant impact on patient outcome.79 Also Fung et al.  

examined the effectiveness of CRM teaching with simulation-based training, with a special 

interest for interprofessional and interdisciplinary teams.81 They described promising results for 

teaching CRM with simulation-based training courses, compared to didactic or simulation 

without CRM teaching. Merién et al. was the only systematic review that addressed obstetric 

emergencies and the effectiveness of simulation-based team training courses.28 There was one, 

retrospective cohort study, that referred to the level of patient outcome. This study showed 

positive findings for low Apgar score and hypoxic ischemic encephalopathy. The remaining 

seven included studies showed improvement of knowledge, practical skills, communication, and 

team performance. Overall, the systematic reviews demonstrate comparable results: positive 

effects on knowledge, skills and behaviour in practice and less clear effects on patient outcome. 

This overall conclusion is in line with the findings of the current review. However, we need to be 

aware that the effect of educational interventions is related to the follow-up period, since 

knowledge and skills might decline. Crofts et al. identified sustained improvement of 

management of shoulder dystocia at 12 months, especially for those who were proficient before 

training.58 However, more frequent rehearsal of training was advised for those initially lacking 

competency. Van de Ven et al. found only effect of training in the first three months post-

intervention, which resulted in the recommendation to repeat training interventions every three 

months.82 Regarding these studies and the results of the current review, we would like to 

emphasize that the follow-up period is crucial for determining whether simulation-based 

obstetric team training is effective or not. 

AUTHORS' CONCLUSIONS   

Implications for practice   

Simulation-based obstetric team training can be used to improve team performance in practice 

and might contribute to improvement of maternal and perinatal outcome. In order to improve 

team performance, it seems to be more effective to use simulation-based obstetric team 

training than didactics (tested in educational settings). Compared to didactics, it is unclear 
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whether simulation-based obstetric team training leads to improvement of patient outcome or 

trainees' experience, due to a limited amount of studies with a low quality of evidence. 

Implications for research   

In light of the current evidence - also derived from non-randomised trials - simulation-based 

obstetric team training is an effective learning method. We recommend future studies to clarify 

how to use simulation-based obstetric team training in the most effective way. This can be 

achieved by comparing training courses with a different instructional design. Alternatives for 

effect measurement at the level of patient outcome should be considered, as the incidence of 

adverse maternal and perinatal outcome is low. These alternatives could include indicators of 

substandard care, weighted outcome measure or near-miss approach. Besides, randomised 

studies in low-income countries have not been performed and are intriguing as the incidence 

rate of adverse events is higher.  
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SUMMARY OF FINDINGS TABLES   

1. Summary of findings for main comparison   

Simulation-based obstetric team training (SBOTT) compared to no training for neonatal mortality and eclampsia 

Patient or population: neonatal mortality and eclampsia 
Setting: obstetric units of hospitals 
Intervention: Simulation-based obstetric team training (SBOTT) 
Comparison: no training 
Outcomes Anticipated absolute effects* (95% CI) Relative 

effect 
(95% 
CI) 

No. of 
participants 

(studies) 

Certainty of the 
evidence  

(GRADE)** 

Comments 

Risk with 
no training 

Risk with Simulation-
based obstetric team 

training (SBOTT) 
Neonatal 
mortality 
follow up: 12 
months 

Study population 
OR 0.72 
(0.39 to 

1.32) 

79246 
(2 cluster- 

RCTs) 

⊕⊕⊕⊝ 
moderate 

The quality of evidence of Walker 2016 was downgraded 
1 level because of risk on selection and recruitment bias. 7 per 1000 5 per 1000  

(3 to 9) 

Eclampsia 
follow up: 12 
months 

Study population  
OR 0.71 
(0.25 to 

2.01) 

79246 
(2 cluster- 

RCTs) 

⊕⊕⊕⊝ 
moderate 

The quality of evidence of Walker 2016 was downgraded 
1 level because of risk on selection and recruitment bias. 2 per 1000 2 per 1000 

(1 to 5) 

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the 
intervention (and its 95% CI). CI: Confidence interval; RR: Risk ratio; OR: Odds ratio; 
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2. Summary of findings for main comparison   

Simulation-based obstetric team training compared with no training for maternal and perinatal outcome, of which no pooling of data was performed 

Patient or population: Singleton pregnancies beyond 24 weeks of gestation (Fransen 2017) / live births (Walker 2016) 
Settings: obstetric units in high- and middle-income settings 
Intervention: simulation-based obstetric team training 
Comparison: no training 

Studies Outcomes measures Effect estimates 
derived  

from studies 
(95% CI) 

Effect** 

 

No of Participants Quality of the evidence 
(GRADE) Anticipated absolute effects* (95% CI) 

Risk with no 
training 

Risk with Simulation-based 
obstetric team training 

Fransen 2017 
follow-up: 12 
months42 

1. Mortality - maternal1 

n/a n/a 

14,157 singleton pregnancies beyond 24 
weeks of gestation in the control group 

14,500 singleton pregnancies beyond 24 
weeks of gestation in the intervention 

group 

⊕⊕⊕⊕ 
high 

Not available 

2. Mortality - perinatal 

OR 0.75 
(0.53 to 1.07) = 

6 per 1000 
4 per 1000 

(3 to 6) 

3. Morbidity - composite of obstetric 
complications 

OR 1.0 
(0.80 to 1.3) = 

21 per 1000 
21 per 1000 
(17 to 27) 

a. Low Apgar score 

OR 0.96 
(0.74 to 1.2) = 

18 per 1000 
17 per 1000 
(13 to 21) 

b. Postpartum haemorrhage 

OR 2.2 
(1.2 to 3.9) ↑*** 

1 per 1000 
3 per 1000 

(2 to 5) 

c. Trauma due to shoulder dystocia 

OR 0.50 
(0.25 to 0.99) ↓ 

2 per 1000 
1 per 1000 

(1 to 2) 

d. Hypoxic ischaemic encephalopathy 

OR 3.2 
(0.77 to 13) = 

0 per 1000 
1 per 1000 

(0 to 4) 

1. Mortality - maternal1 

n/a n/a Not available 
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Walker 2016: 

follow at 8 
months (non-
cumulative 
data)38 

2. Neonatal mortality 

IRRDID 0.59 
(0.37 to 0.94) ↓ 

At 8 months there were 7433 live births 
in the control group 

At 8 months there were 7879 live births 
in the intervention group 

⊕⊕⊕⊝ 
moderate 

Comment: The quality of evidence 
was downgraded 1 level because of 
risk on selection and recruitment 
bias. 

14 per 1000 
8 per 1000 

(5 to 13) 

3. Morbidity - maternal complications composite 

IRRDID 0.84 
(0.44 to 1.61) = 

17 per 1000 
15 per 1000 

(8 to 28) 

a. Obstetric Haemorrhage 

IRRDID 0.88 
(0.38 to 2.04) = 

12 per 1000 
11 per 1000 

(5 to 25) 

b. Hysterectomy 

IRRDID 0.78 
(0.31 to 1.94) = 

5 per 1000 
4 per 1000 

(2 to 10) 

c. Caesarean Delivery 

IRRDID 0.80 
(0.68 to 0.93 ↓ 

351 per 1000 
281 per 1000 
(239 to 327) 

4. Eclampsia 

IRRDID 0.50 
(0.16 to 1.59) = 

5 per 1000 
3 per 1000   

(1 to 8) 

Walker 2016: 

follow-up 12 
months 
(cumulative 
data)38 

1. Mortality - maternal1 

n/a n/a 

25,708 live births in 
the control group 

24,881 live births in 
the intervention group 

⊕⊕⊕⊝ 
moderate 

Comment: The quality of evidence 
was downgraded 1 level because of 
risk on selection and recruitment 
bias. 

Not available 

2. Morbidity - maternal complications composite 

IRRDID 0.82 
(0.41 to 1.61) = 

15 per 1000 
12 per 1000 

(6 to 24) 

a. Obstetric haemorrhage 

IRRDID 0.72 
(0.32 to 1.65) = 

11 per 1000 
8 per 1000 

(4 to 18) 

b. Hysterectomy 

IRRDID 1.08 
(0.50 to 2.31) = 

4 per 1000 
4 per 1000 

(2 to 9) 

c. Caesarean Delivery 

IRRDID 0.79 
(0.67 to 0.93) ↓ 

368 per 1000 
291 per 1000 
(247 to 342) 

Riley 201143 1. Weighted Adverse Outcome Score (WAOS) Not provided n/a 
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1 Both included studies that reported on maternal mortality did not provide any effect estimates, probably due to the low number of events.  
CI: Confidence interval; OR: Odds Ratio; IRRDID: Incidence Rate Ratio (using a Difference-in-Difference approach) 
*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the 
intervention (and its 95% CI). 
**Direction of effect graphically presented (= no significant effect; ↓ significant decrease ; ↑ significant increase) 
*** Outcome measure ‘postpartum heamorrhage’ was defined as the use of more invasive treatments (>4 packed cells blood transfusion, embolisation, 
hysterectomy) in case of a severe haemorrhage. An increase is therefore interpreted as a positive result. 
 

3. Summary of findings for the main comparison   

The mean WAOS was 
1.50 

The mean WAOS was 
0.72 

380 births a year in the full 
intervention group (simulation combined 

with didactics) 

500 births a year in the control group 

⊕⊕⊝⊝ 
low 
Comment: The quality of evidence 
was downgraded 2 levels because of 
risk on selection, detection, and 
recruitment bias, indirectness of 
evidence, and unit-of-analysis error. 

Simulation-based obstetric team training compared with no training for performance of the obstetric team in practice, assessed at 8 months post-intervention 

Patient or population: multiprofessional obstetric care teams 
Settings: obstetric units in high- and middle-income settings 
Intervention: simulation-based obstetric team training 
Comparison: no training 

Studies Outcomes measures P-value derived 
from studies 

Effect** No of participants Quality of the evidence 
(GRADE) No training* Simulation-based 

team training* 

Fransen 
201225 

1. Team performance (Clinical Teamwork 
Scale [range 0-10]) 

p = 0.014 

 

↑ 

 

503 health care professionals in the 
control group received no 

intervention; of which 12 on-call 
teams were assessed 

471 health care professionals in the 
intervention group received the 
intervention; of which 12 on-call 

teams were assessed 

 

⊕⊕⊕⊝ 
moderate 

Comment: The quality of evidence was downgraded 
with 1 level because of unit-of-analysis error. 

The total median 
score was 6.0 

(min-max: 2.0-8.0) 

The total median 
score was 7.5 

(min-max: 2.0-8.5) 

2. Use of essential medical technical skills 

p = 0.009 ↑ 

In 10 out of 22 in situ 
scenarios 

In 19 out of 23 in 
situ scenarios 

Fritz 
201744 

1. Routine practices 
  

In total 323 births were observed in 
the control group. Average observed 

 

a. Complete AMTSL  p = 0.240 = 
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* These results are not assumed risk, but present data derived from studies. 
** Direction of effect graphically presented (= no significant effect; ↓ significant decrease ; ↑ significant increase) 

4. Summary of findings for second comparison   

Simulation-based obstetric team training compared with didactics for maternal and perinatal outcome 12 months post-intervention 

Patient or population: multiprofessional obstetric care teams  
Settings: three hospitals in the United States 
Intervention: simulation-based obstetric team training (combined with didactics) 
Comparison: no training 

Outcomes Outcomes measures Effect 
estimate 

Effect No of Participants Quality of the evidence 
(GRADE) Didactics Simulation-based 

team 
training (combined 

with didactics) 

Riley 
201143 

1. Weigthed Adverse Outcome Score 
(WAOS) 

not 
provided 

n/a 

889 births per year in the 
didactics group 

380 births per year in the 
full intervention group 

⊕⊕⊝⊝ 
low 

Comment: The quality of evidence was downgraded 2 levels because of risk on 
selection, detection, and recruitment bias, indirectness of evidence, and unit-of-
analysis error. 

The mean 
WAOS was 1.45  

(SD 0.82) 

The mean WAOS 
was 0.72  
(SD 0.12) 

Impact 0.099 births per time point for each 
hospital (n=12): 6.25 births (SD 2.8, 

range 1-12). 

In total 318 births were observed in 
the intervention group. Average 

observed births per time point for 
each hospital (n=12): 6.25 births (SD 

2.8, range 1-12). 

⊕⊕⊕⊝ 
moderate 

 

Comment: The quality of evidence was downgraded 
with 1 level because of risk on selection, detection, and 
recruitment bias. 

b. Skin to skin contact  
p = 0.149 = 

Impact 0.129 

c. Delayed Cord Clamping  
p = 0.696 = 

Impact 0.046 

d. Episiotomy  
p = 0.238 = 

Impact -0.127 

e. Fundal pressure  
p = 0.034 ↑ 

Impact 0.175 

f. Uterine Sweeping  
p = 0.010 ↓ 

Impact -0.223 
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5. Summary of findings for second comparison   

Simulation-based obstetric team training compared with didactics for performance of the obstetric team in educational settings 1-3 months post-intervention 

Patient or population: multiprofessional obstetric care teams  
Settings: one obstetric unit in the United Kingdom / United States 
Intervention: simulation-based obstetric team training (combined with didactics) 
Comparison: didactics 

Outcomes Comparative risks Effect 
estimate 

Effect No of Participants Quality of the evidence 
(GRADE) Didactics Simulation-based 

team training 

Birch 
200740 

Team performance after 3 months  

p = 0.086* = 

12 trainees (two teams) in 
the didactics group 

12 trainees (two teams) in 
the intervention group 

⊕⊕⊝⊝ 
low 

Comment: The quality of evidence has been downgraded 2 levels because of risk 
on selection, reporting, and publication bias and unclear risk on performance and 
recruitment bias. 

No significant difference between 
interventions groups 

Perceived knowledge and 
confidence after 3 months 

not 
provided n/a 

increase of 
6 points 

increase of 10 points 

Daniels 
20103 

1. Team performance after 1 month 
per scenario: 

 

  

16 trainees (four teams) 
in the didactics group 

16 trainees (four teams) 
in the intervention group 

⊕⊕⊕⊕ 
high 

a. Shoulder dystocia 

p = 0.002 ↑ 

mean 6.88 
(range 5.5-

8.0) 

mean 11.75 
(range 10-13) 

b. Eclampsia 

p = 0.032 ↑ 

mean 11.38 
(range 10-

12.5) 

mean 13.25 
(range 12-14) 

2. Knowledge (improvement in 
scores on MCQ) after 1 month 

p = 0.06 = 1.31 2.78 

* This P-value refers to a comparison between all study groups (didactics, simulation and a combination group). 
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CHARACTERISTICS OF STUDIES 

Characteristics of included studies 

Birch 20 

Methods Randomised controlled trial of the impact of three teaching methods on team 
knowledge and performance. 

Participants 36 multiprofessional obstetric staff divided in 6 teams (each containing 6 staff 
members), 2 teams in each study arm. 

Interventions One-day training using three different teaching methods: lecture-based, simulation-
based and a combination of these two. Training content: postpartum haemorrhage. 

Outcomes Team performance (knowledge/skills) and perceived knowledge/confidence at pre-
training, directly after training, and 3 months. 

Notes Single-centre study, United Kingdom 

Risk of bias 

Random sequence generation 
(selection bias) 

Low risk 
Six sealed envelopes, envelopes were opened at random. 

Allocation concealment 
(selection bias) 

High Risk Predefined number of six envelopes, randomisation was not 
performed at once, therefore some allocations during enrolment could 
be foreseen. 

Blinding of participants and 
personnel (performance bias) 

Unclear 
Risk 

Note noted, probably not done as this seems to impossible. However, 
this might have affected the subjective outcome "perceived 
knowledge/confidence". 

Blinding of outcome 
assessment (detection bias) 

Low risk Assessment of knowledge questionnaires was probably done by an 
unblinded assessor. Video recordings were assessed by two 
independent assessors. 

Incomplete outcome data 
(attrition bias) 

Low risk No information about missing data regarding the outcome 
assessment at 3 months. However, since the small study size probably 
no important loss to follow up. 

Selective reporting (reporting 
bias) 

High risk The outcome measures "perceived effectiveness as a team" and "how 
much trainees enjoyed the training" were not reported 

Other bias Low risk None noted. 

 

Daniels 2010   
Methods Randomised controlled trial to compare simulation-based obstetric team training 

with didactics. 
Participants 32 trainees: labor & delivery nurses and obstetric residents (16 trainees in each 

study group). Each team had 4 staff members. 
Interventions A 3 hour simulation-based team training (in a simulation centre) versus didactic 

instruction. Training content: crisis resource management, eclampsia, shoulder 
dystocia. 

Outcomes Knowledge (pre- and 1 month post-intervention) and performance after 1 month. 
Notes Single centre study, United States of America. 

Risk of bias 
Random sequence 
generation (selection bias) 

Low risk 
Quote: "using a computer randomisation program." 

Allocation concealment 
(selection bias) 

Low risk Quote: "After the teams were formed, they were randomly assigned 
to either the Did or Sim group, using a computer randomisation 
program." 
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Blinding of participants and 
personnel (performance bias) 

Low risk Not noted, probably not done. Low impact on objective outcome 
measures. 

Blinding of outcome 
assessment (detection bias) 

Low risk Quote: "The reviewer was familiar with some of the participants but 
completely blinded to the type of training provided to each team." 
Unclear whether the assessor of the Multiple Choice Questionnaire 
(MCQ) was blinded, however unlikely that this might have influenced 
the results. 

Incomplete outcome data 
(attrition bias) 

Low risk There were 3/16 withdrawals in the didactics group and 2/16 in the 
simulation group. Their prior MCQ results were excluded. Although 
reasons for withdrawals were not mentioned, numbers in both 
groups are comparable and unlikely to be related to true outcome. 

Selective reporting (reporting 
bias) 

Low risk 
None not reported outcomes noted. No study protocol available. 

Other bias Low risk None noted. 

 

Fransen 2012 
Methods Cluster-randomised controlled trial comparing simulation-based team training 

versus no intervention. 
Participants All employed multiprofessional obstetric staff members of included units: 471 

(intervention) versus 503 participants (control). 
Interventions One-day, simulation-based obstetric team training in a simulation centre versus 

no intervention. Training content: crew resource management and medical 
technical skills (shoulder dystocia, postpartum haemorrhage, umbilical cord 
prolapse, eclampsia and resuscitation of a pregnant woman). 

Outcomes Teamwork performance and medical technical skills during an unannounced in 
situ simulation (2 scenarios), assessed 8 months post-intervention. 

Notes Multicentre trial including 24 hospitals, the Netherlands 
Risk of bias 
Random sequence 
generation (selection bias) 

Low risk Computerised randomisation (computer generated list) by an 
independent researcher. 

Allocation concealment 
(selection bias) 

Low risk All cluster were randomised at once by an independent researcher 
using a computerised, stratified randomisation. 

Blinding of participants and 
personnel (performance bias) 

Low risk Participants were not blinded to the intervention (impossible). 
Probably low impact on results. 

Blinding of outcome 
assessment (detection bias) 

Low risk 
Assessors (expert panel) were blinded to the study allocation 

Incomplete outcome data 
(attrition bias) 

Low risk No withdrawals. Only a few missing data (1/24 video missing from 
intervention group and 2/24 videos missing from control group), 
missing data were reported. 

Selective reporting (reporting 
bias) 

Low risk 
None not reported outcomes noted. Study protocol available. 

Other bias High risk High risk on bias due to clustering effect (has not been taken into 
account within the analysis). 

 

Fransen 2017 
Methods Cluster-randomised controlled trial comparing simulation-based obstetric team 

training versus no intervention. 
Participants All employed multiprofessional obstetric staff members of included units: 471 

(intervention) versus 503 participants (control). In the intervention group there 
were 14,500 singleton pregnancies (beyond 24 weeks of gestation) studied, and 
in the control group 14,157. 

Interventions One-day simulation-based obstetric team training in a simulation centre versus 
no intervention. Training content: crew resource management and medical 
technical skills (shoulder dystocia, postpartum haemorrhage, umbilical cord 
prolapse, eclampsia and resuscitation of a pregnant woman). 

Outcomes Primary outcome: composite outcome of obstetric complications during the first 
year post-intervention, including low Apgar score, severe postpartum 
haemorrhage, trauma due to shoulder dystocia, eclampsia and hypoxic-ischemic 
encephalopathy. Maternal and perinatal mortality were also registered. 

Notes Multicentre trial including 24 hospitals, the Netherlands 
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Risk of bias 
Random sequence 
generation (selection bias) 

Low risk Computerised randomisation (computer generated list) by an 
independent researcher. 

Allocation concealment 
(selection bias) 

Low risk All cluster were randomised at once by an independent researcher 
using a computerised, stratified randomisation. 

Blinding of participants and 
personnel (performance bias) 

Low risk Participants were not blinded to the intervention, propably low 
impact on chosen outcome measures. 

Blinding of outcome 
assessment (detection bias) 

High risk Quote: "As this was an open randomised trial, no one involved in 
the study was blinded to the allocation." 

Incomplete outcome data 
(attrition bias) 

Low risk No clusters were loss to follow-up. Data collection was checked 
with national database. 

Selective reporting (reporting 
bias) 

Low risk Quote: "The adjustment of the outcome measure was made before 
analysis. The original definition was added as a secondary 
outcome measure." Comment: probably no selective data 
reporting. 

Other bias Low risk Clustering effect has been taken into account. Baseline 
imbalances were reported and an additional pre-intervention 
measurement was added as a covariate in the analyses. 

 

Fritz 2017 
Methods Pair-matched, cluster-randomised controlled trial comparing simulation-based 

team training with no intervention. 
Participants A total of 450 health care providers in the intervention group participated in the 

training course (305 completed all three training days). In total, 641 births were 
observed (318 births in intervention group, and 323 births in control group) 

Interventions The intervention comprised the PRONTO training sessions, a simulation-based 
team training, using in situ simulations. There were 3 training days: 2 starting days 
followed by 1 training day after 2-3 months. Training content: humanised birth, 
patient communication, evidence-based practices, teamwork and 
communication, obstetric haemorrhage, neonatal resuscitation, shoulder 
dystocia, pre-eclampsia/eclampsia. 

Outcomes Performance of routine practices: 1) Active management of third stage of labor; 
2) Delayed cord clamping; 3) Skin-to-skin contact; 4) Episiotomy; 5) Fundal uterine 
pressure; 6) Uterine sweeping 

Notes Multicentre trial including 24 hospitals, Mexico 
Risk of bias 
Random sequence 
generation (selection bias) 

High risk Randomly (computerised) generated. Comment: in the main 
publication of this study (Walker 2016), there is the following 
described: "except for 2 pairs of hospitals in Mexico State, in which 
the member of the pair that was to receive the intervention was 
discretionally chosen by the local MOH". Probably high risk on 
selection bias. 

Allocation concealment 
(selection bias) 

High risk 11/24 included hospitals dropped out prior to the start of baseline 
data collection. These hospitals were replaced and the new 
hospitals were allocated to the opposite study arm of the 
remaining hospital from the matched pair. 

Blinding of participants and 
personnel (performance bias) 

Low risk Laboring women were blinded to allocation. Health care providers 
were not blinded, probably low impact on results. 

Blinding of outcome 
assessment (detection bias) 

High risk Quote: "The observers … and were not blinded to treatment 
allocation". However, the authors state that the observers were 
unable to assess which of the providers had participated in the 
training. 

Incomplete outcome data 
(attrition bias) 

Low risk 
Probably no missing data. 

Selective reporting (reporting 
bias) 

Low risk None missing data concerning the reported outcome measures in 
the article. 

Other bias High risk High risk on recruitment bias as participants were recruited after 
the clusters had been randomised. Clustering effect has been 
taken into account. 
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Riley 2011 
Methods Cluster-randomised trial comparing a combination of simulation and didactics, 

didactics only, and no intervention. 
Participants All employed multiprofessional labor and delivery staff members: 36 (simulation) 

versus 60 (didactics only) versus 38 participants (control) 
Interventions 2-3 hours didactics versus didactics combined with simulation-based team 

training (in situ) versus no intervention. 

Training content: condensed TeamSTEPPS curriculum (used simulated 
scenarios: uterine rupture, placental abruption, postpartum haemorrhage) 

Outcomes Patient outcome: perinatal morbidity and mortality (Weighted Adverse Outcomes 
Scores). Culture of Safety. Follow-up: approximately 12 months. 

Notes Multicentre study including three hospitals, United States of America 
Risk of bias 
Random sequence 
generation (selection bias) 

High risk Randomisation type not described in manuscript/reported in 
correspondence. 

Allocation concealment 
(selection bias) 

High risk Randomisation type not described in manuscript/reported in 
correspondence. Besides, as there were only three study groups 
and three clusters, allocation might have been foreseen. 

Blinding of participants and 
personnel (performance bias) 

Low risk Patients (outcome measure) were probably unaware of study 
allocation. Blinding of participants was not possible, however 
probably unlikely to affect outcome measures. 

Blinding of outcome 
assessment (detection bias) 

High risk Data-collectors were local personnel of participating hospitals. 
Data-analyst might have been blinded (from correspondence). 

Incomplete outcome data 
(attrition bias) 

Low risk No clusters loss to follow-up. From correspondence: "We had no 
missing data. All data were downloaded from the medical record." 
Although not mentioned in the manuscript, probably low risk of 
attrition bias. 

Selective reporting (reporting 
bias) 

Low risk None not reported outcomes. No published study protocol 
available. 

Other bias High risk High risk on performance bias as the simulation group received the 
TeamSTEPPS curriculum within the context of a clinical scenario, 
while the didactic group received no information about these 
scenarios. Clustering has not been taken into account. 

 

Walker 2016 
Methods Pair-matched, cluster-randomised controlled trial comparing simulation-based 

team training with no intervention. 
Participants A total of 450 health care providers in the intervention group participated in the 

training course (305 completed all three training days). Mean participation rate 
was 20.5%. During follow-up of one year there were 50,589 live births in the 24 
hospitals. 

Interventions The intervention comprised the PRONTO training sessions, a simulation-based 
team training, using in situ simulations. There were 3 training days: 2 starting 
days, followed by 1 training day after 2-3 months. Training content: humanised 
birth, patient communication, evidence-based practices, teamwork and 
communication, obstetric haemorrhage, neonatal resuscitation, shoulder 
dystocia, pre-eclampsia/eclampsia. 

Outcomes Primary outcome: hospital-based neonatal mortality. Secondary outcomes: 
maternal complications (obstetric haemorrhage, hysterectomy, and eclampsia), 
and a composite of maternal complications (obstetric hysterectomy, obstetric 
haemorrhage and maternal death). Additional exploratory outcome (before main 
data analysis started): mode of delivery. 

Notes Multicentre trial including 24 hospitals, Mexico 
Risk of bias 
Random sequence 
generation (selection bias) 

High risk Quote: "..except for 2 pairs of hospitals in Mexico State, in which 
the member of the pair that was to receive the intervention was 
discretionally chosen by the local MOH". Probably high risk on 
selection bias. 

Allocation concealment 
(selection bias) 

High risk 11/24 included hospitals dropped out prior to the start of baseline 
data collection. These hospitals were replaced and the new 
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hospitals were allocated to the opposite study arm of the 
remaining hospital from the matched pair. 

Blinding of participants and 
personnel (performance bias) 

Low risk Laboring women were probably unaware of allocation. Health care 
providers were not blinded, probably low impact on results. 

Blinding of outcome 
assessment (detection bias) 

High risk Quote: "There was no blinding in this study ... The data analysts 
were also not blinded to the study assignments." 

Incomplete outcome data 
(attrition bias) 

Low risk There seemed to be no withdrawals after the baseline data 
collection. The authors report on missing data for all clinics in the 
first, fifth and ninth-month post-intervention. The missing data 
were equally for each site. 

Selective reporting (reporting 
bias) 

Low risk Although the intended outcome measures have been adjusted, 
these adjustment have been described in the manuscript and have 
been performed before the main data analysis had taken place. 

Other bias High risk High risk on recruitment bias as participants were recruited after 
the clusters had been randomised. Clustering effect has been 
taken into account. 

 

Characteristics of excluded studies 

Study Reason for exclusion 
Barrera de Leon 
2015   

Comparison between participative educative strategies with traditional strategy. This did 
not included simulation-based obstetric team training. 

Crofts 2006   Randomised study in which different types of simulation-based obstetric team training are 
compared (but no comparison with other teaching methods/control group). 

Crofts 2007a   Randomised study in which different types of simulation-based obstetric team training are 
compared (but no comparison with other teaching methods/control group). 

Crofts 2007c   Not a randomised design. 
Crofts 2008   Randomised study in which different types of simulation-based obstetric team training are 

compared (but no comparison with other teaching methods/control group). 
Crofts 2013   Randomised study in which different types of simulation-based obstetric team training are 

compared (but no comparison with other teaching methods/control group). 
Crofts 2016   Not a randomised study: interrupted time series study over three periods of 4 years. 
Dadiz 2013   Not a randomised study: a prospective observational study. 
Deering 2004   Participants were solely residents, so no multiprofessional obstetric teams were included. 
Draycott 2006   Retrospective observational cohort study. They compared 2 years before and 2 years after 

implementation of simulation-based obstetric team training in one hospital. 
Draycott 2008   Retrospective observational study were the management of shoulder dystocia and 

neonatal outcome were compared pre-training versus post-training. 
Egenberg 2015   Not a randomised design: the authors used a pre-post study design. Study was performed 

in a university hospital in Norway and compared a selected population in 2 years. 
Ellard 2012   Participants were not multiprofessional obstetric teams, but solely non-physician 

clinicians (NPCs). 
Ellis 2008   Randomised study in which different types of simulation-based obstetric team training are 

compared (but no comparison with other teaching methods/control group). 
Fisher 2010   Participants were solely residents, no multiprofessional obstetric teams were included 
Kerr 2013   Participants included academic-, and community-based general internists. 
Kumar 2016   Not a randomised study. A pre-post study design, that included midwives and paramedics 

to manage birth emergencies. 
Mannella 2016   Only a conference abstract available. Randomised study comparing a preceding 

educational briefing session and a subsequent simulation with an unanticipated simulated 
scenario. 

Nelissen 2015   Not a randomised study. A pre-post study design, studying the retention of knowledge and 
skills after simulation-based training in Tanzania. 

Nielsen 2007   The team training intervention did not included simulation. 
Nilsson 2014   Participants were senior nursing students instead of multiprofessional obstetric teams. 
Robertson 2009   Not a randomised design, but a pre-post test to study the effect of a simulation-based 

obstetric team training session. 
Rovamo 2015   Randomised study in which the effect of a CRM and ANTS instruction prior to a simulation-

based training was investigated. 
Siassakos 2009   Not a randomised study. A retrospective cohort, examining the effect of team training on 

the management of umbilical cord prolapse. 
Sørensen 2015   Randomised study comparing in situ versus off-site team training (but no comparison with 

other teaching methods/control group). 
Truijens 2015   Not a randomised design. 
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Table Chacracterisctics of studies continued 
van de Ven 2016   Not a randomised design, but a retrospective cohort study. 
Verhaeghe 2017   Participants were medical students and midwives, no multiprofessional obstetric care 

teams. 
Walker 2014a   A pre-post analysis was made as part of a larger randomised study. 
Walker 2015   A pre-post analysis was made as part of a larger randomised study. 
Walton 2015   A cross-sectional analysis as part of a larger randomised study. 
Watters 2015   Not a randomised design. 
Zabari 2006   Not a randomised design. 

 

Characteristics of ongoing studies 

Banga 2014 
Study name n/a 
Methods Multicentre, stepped-wedge cluster-randomised controlled design. 
Participants Transmural, multiprofessional obstetric care teams in the Netherlands. 
Interventions One-day, simulation-based obstetric team training provided in a medical simulation centre. 
Outcomes Primary outcome: perinatal mortality and/or admission to NICU. Secondary outcome: team 

performance, quality of care (as perceived by patients), self-reported collaboration. 
Starting date 01-02-2014 
Contact 
information 

frbanga@hotmail.com 

Notes n/a 

 

Bhattacharya 2013 
Study name THISTLE-study 
Methods Multicentre, stepped-wedge cluster-randomised controlled superiority trial. 
Participants in Scotland 
Interventions Two-day PROMPT train-the-trainers programme 
Outcomes Primary outcome: Apgar scores < 7 at 5 min (term births) 
Starting date 01-08-2013 
Contact 
information 

s.bhattacharya@abdn.ac.uk 

Notes n/a 

 

Van den Broek 2016   
Study name Making it Happen 
Methods Multicentre, stepped-wedge cluster controlled interventional study. 
Participants Health care providers in maternity services in the Republic of South Africa. 
Interventions Comparison between two in-service training packages: Emergency Obstetric Simulation 

Training (EOST) versus Essential Steps in Managing Obstetric Emergencies (ESMOE). 
Outcomes Facility-level: still-birth rate, maternal case fatality rate for direct obstetric complications, early 

newborn death rate, maternal mortality ratio. 
Starting date 30-09-2011 
Contact 
information 

nynke.vandenbroek@lstmed.ac.uk 

Notes n/a 
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ABSTRACT 

Introduction: To achieve an expert performance of care teams, adequate simulation-based team 

training courses with an effective instructional design are essential. As the importance of the 

instructional design becomes ever more clear, an objective assessment tool would be valuable 

for educators and researchers. Therefore, we aimed to develop an evidence-based and objective 

assessment tool for the evaluation of the instructional design of simulation-based team training 

courses.  

Methods: A validation study in which we developed an assessment tool containing an evidence-

based questionnaire with a visual analogue scale (VAS) and a visual chart directly translating 

the results of the questionnaire. Psychometric properties of the assessment tool were tested 

using five descriptions of simulation-based team training courses. An expert-opinion-based 

ranking from poor to excellent was obtained. Ten independent raters assessed the five training 

courses twice, by using the developed questionnaire with an interval of two weeks. Validity and 

reliability analyses were performed by using the scores from the raters and comparing them 

with the expert’s ranking. Usability was assessed by an 11-item survey. 

Results: A 42-item questionnaire, using VAS, and a propeller chart were developed. The 

correlation between the expert-opinion-based ranking and the evaluators’ scores (Spearman ρ) 

was 0.95, and the variance due to subjectivity of raters was 3.5% (VTraining*Rater). The G-coefficient 

was 0.96. The interrater reliability (intraclass correlation coefficient (ICC)) was 0.91 (95% CI 0.77 

to 0.99), and intrarater reliability for the overall score (ICC) was ranging from 0.91 to 0.99.  

Conclusions: We developed an evidence-based and reliable assessment tool for the evaluation 

of the instructional design of a simulation-based team training: the ID-SIM. The ID-SIM is 

available as a free mobile application. 

 

  



 Assessment tool for instructional design: the ID-SIM 

133 
 

INTRODUCTION 

Simulation-based team training courses are recommended to improve teamwork skills of 

healthcare teams. Since a lack of these skills results in preventable harm to patients, the 

effectiveness of these interventions should be guaranteed. A properly conducted simulation-

based team training course should enable that learning activities are ‘predictable, consistent, 

standardised, safe and reproducible’.1 To achieve an effective training course, a robust 

instructional design of the training course is required.2 Instructional design is generally referred 

to as the ‘set of prescriptions for teaching methods to improve the quality of instruction with a 

goal of optimizing learning outcomes’.3 It is an integrated set of elements that interact with each 

other, composing a system of procedures for developing training curricula in a consistent and 

reliable manner.4 

The instructional design of simulation-based training courses is of great importance, as 

the effectiveness of these courses relies on whether the course is adequately designed and 

whether it provides opportunities for deliberate practice.2 To gain more insight into the value of 

different instructional design features, comparisons between simulation-based team training 

courses are recommended.5,6 In order to perform these comparisons, Eppich et al. emphasised 

that standardised reporting of the applied instructional design is required.6 However, an 

evidence-based and objective assessment tool that enables a standardised way of reporting 

has not been developed until now.  

Although assessment tools are still lacking, essential instructional design features of 

simulation-based education have been described by Issenberg et al., and McGaghie et al.2,7 

Issenberg et al. conducted the first and, thus far, only systematic review in which the literature 

was translated into ten important design features: feedback, repetitive practice, ranging 

difficulty levels, defined outcomes, individualised learning, curriculum integration, multiple 

learning strategies, clinical variation, controlled environment and simulator validity.7 Cook et al. 

confirmed the effectiveness of several of Issenberg’s instructional design features.5 

Interestingly, the first five components selected by Issenberg et al. correspond to Ericsson’s 

educational theory of deliberate practice, in which he demonstrated that achievement of expert 

performance is largely determined by the instructional design quality of a training course.8,9 In 

addition, incorporating deliberate practice in simulation-based education leads to more effective 

educational interventions than traditional medical education methods.2 The features defined in 

the reviews by Issenberg et al. and McGaghie et al. are also incorporated in two guidelines for 

designing an effective simulation-based training by the Association for Medical Education in 



Chapter 6 

134 
 

Europe (AMEE).10,11 For these reasons, it is impossible to imagine simulation-based team 

training without the knowledge derived from these two reviews. 

The next step of getting closer to designing effective training courses is putting the 

contemporary literature in practice by developing an objective assessment tool. Such tool 

increases the consistency and standardisation of training courses, which enables reliable 

comparisons between training designs. These comparisons will lead to advancement of our 

knowledge about the importance of each instructional design feature. This will support the 

design of effective training courses, which in turn, will make a real difference for patient care. 

Hence the primary goal of this study was to develop an evidence-based, objective and easy-to-

use assessment tool to evaluate the quality of the instructional design of simulation-based team 

training courses: the ID-SIM, available as a mobile application. ID-SIM stands for ‘Instructional 

Design of a Simulation Improved by Monitoring’. 

METHODS 

Tool development 

The ten instructional design features defined by Issenberg et al., in a BEME (Best Evidence in 

Medical Education) systematic review, were used to evaluate the instructional design quality of 

team training courses.7 Five out of 10 features corresponded to the effective theory of deliberate 

practice by Ericsson et al.: feedback, repetitive practice, range of difficulty levels, defined 

outcomes and individualised learning.8,9,12 Issenberg’s features were considered to be an 

adequate starting point for the development of the ID-SIM, as they were clearly defined and 

unambiguously interpretable.  

To yield a reliable and objective evaluation of the instructional design quality, we decided 

that the ID-SIM should consist of two parts: a questionnaire and a visual chart. On completion 

of all the items of the questionnaire, the responses to the questionnaire will be converted to the 

visual chart. Both the questionnaire and the related visual chart will be incorporated in a mobile 

application to guarantee an easy to access assessment tool. 

Visual chart 

We envisioned that the visual part of the assessment tool had to be easy to understand. To 

achieve this goal, we aimed that users of the ID-SIM should be able to interpret the visual part 

of the ID-SIM without additional instructions. Besides, the visual chart had to clearly identify the 

strengths and weaknesses of an applied instructional design. Therefore, all instructional design 

features had to be presented in the chart. Moreover, the scores assigned to each feature 
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(expressed in a percentage) had to be depicted. Finally, a rating for the overall quality of a training 

had to be presented in the chart to allow a quick differentiation between training courses. 

Questionnaire 

The following key publications were used for the development of the questionnaire: Issenberg’s 

BEME systematic review (2005),7 the qualitative review by McGaghie et al.2 and the two 

guidelines of the international organisation of medical education (AMEE) on simulation-based 

medical education (no. 50 and no. 82).10,11 In these publications, important educational 

principles are discussed, which lead to effective learning in the context of simulation-based 

training courses.  

Two researchers formulated questions for each design feature, based on the literature 

mentioned above. Furthermore, an English native speaker and an independent group of six 

researchers with different occupational backgrounds reviewed the questions on clear 

formulation and comprehensiveness. The group comprised engineers, clinical doctors and a 

psychologist, all familiar with (medical) simulation-based education. The content validity of the 

questionnaire has thus been obtained through consensus. Considering the experience and 

different backgrounds of the two researchers, it is highly likely that all relevant items of the 

properties have been included.13 

The aim of this questionnaire is to translate systematic recording of observations into a 

visual chart, hence providing a tool for self-assessment. It could thus arguably be interpreted as 

a checklist rather than a questionnaire per se. We pursued to use a question type that yields 

continuous data, as this will also identify slight differences and allows for better statistical 

analysis.14 For the validation process, we used an online version of the questionnaire (Qualtrics, 

Provo, Utah, USA) for the raters who were unable to use the mobile application. 

Tool validation 

An evaluation of the psychometric properties was performed by an assessment of validity 

(construct validity), reliability (interrater and intrarater reliability) and usability. In order to 

determine these properties, one of the authors (AF) used the selected literature to draft five 

realistic team training courses with a predefined poor, fair, average, good and excellent quality 

of the instructional design. We chose to use these standardised training courses rather than 

using published descriptions, as there might be a publication bias with respect to quality of 

simulation-based team training courses. These descriptions had a word count between 227 and 

411 words.  
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To determine reliability, we asked ten raters with varying degrees of experience in the 

field of simulation-based training courses to fill in the questionnaire for each of the five team 

training courses. These raters have a background as educators in simulation-based team 

training courses and/or clinical doctors who were trainers in simulation-based team training 

courses or conducted research in medical simulation. All were independent from our research 

team. We asked them to fill in the questionnaire independently from each other, and they were 

all blinded to the predefined quality levels of the team training courses. As our aim was to create 

a straightforward and easy-to-understand assessment tool, we did not provide any prior 

explanation for the use or interpretation of the questionnaire. The evaluators rated the training 

courses in a random order, without communicating with each other. A fully crossed design was 

used: all evaluators assessed all training courses. To test the intrarater reliability, the evaluators 

assessed the same training courses without access to their previous ratings two weeks later. 

Evidence of construct validity was obtained by examining the correlation between the 

obtained scores by the ten raters and an expert’s ranking of the team training courses from poor 

to excellent. The expert had more than ten years of experience in medical simulation; he was 

involved with designing many simulation-based team training courses, simulation centres, 

scientific conferences and publications, workshops and train-the-trainer courses worldwide. He 

performed the ranking without using the ID-SIM questionnaire or the selected literature. We 

opted to use an expert ranking as expert opinion is the current gold standard for the evaluation 

and design of simulation training courses. Usability of the questionnaire was assessed after the 

first round by a short survey with 11 questions, including an overall rating for the usability of the 

ID-SIM questionnaire (on a scale from 0 to 10). 

Statistical analysis 

Statistical analyses were performed using SPSS (V.24, IBM) and Excel (Microsoft Office 

Professional Plus Excel 2013, Microsoft).  

Construct validity was defined as the degree to which the tool measures what it claims 

to be measuring.15 Applied to the current study, it implies: the correlation (Spearman’s rank 

correlation coefficient (Spearman’s ρ)) between the obtained overall scores of the different 

raters correlated to the expert’s ranking. Reliability refers to the reproducibility of assessment 

data or scores, over time or occasions. In our context, it is defined by the extent to which the 

scores of the rater are reproducible by the same rater (intrarater reliability) and by others 

(interrater reliability).16 The interrater reliability was determined by conducting a generalisability 

theory (GT) analysis, which is identified by Downing as ‘the most elegant estimate of interrater 

reliability’.16 
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The GT study enables us to estimate the value of the different sources of error (variance 

components) that contribute to the overall variance in scores.17 The variance components 

comprise: the training courses, the raters and the items of the questionnaire. To estimate the 

variance components, we used the minimum norm quadratic unbiased estimation in SPSS 

(V.22, IBM), since this estimation does not rely on distributional assumptions. The variance 

components were used to calculate the generalisability coefficient (G-coefficient) that indicates 

how consistent the scores of the different raters are. 

Additionally, an intraclass correlation coefficient (ICC; with a 95% CI) was calculated as 

an estimate of interrater reliability.18 The intrarater reliability was also tested by calculating an 

ICC for the individual raters.19 As we were interested in the agreement between the scores and 

intend to generalise the questionnaire to other situations, we used a two-way random ICC (2,1) 

with an absolute agreement.18,19 This ICC considers both random and systematic error. The ICC 

for the interrater and intrarater reliability was calculated by using the assigned overall score of 

the training course. The overall score was obtained by summing the relative scores for each 

item and dividing the total by 10. The relative score for each item was the average score of the 

corresponding questions per specific design. 

RESULTS 

We developed the ID-SIM (mobile application) containing a questionnaire and a visual chart.i As 

an example of the use of the visual chart, a poor and a good training design have been depicted 

in Figure 1. Each pie of the chart represents one of the ten instructional design items. All the 

items have a similar weight. Depending on how well the item is implemented in the training 

course, the related pie grows. The area of each pie represents the relative score for that specific 

design feature (see Figure 2). The overall score, displayed at the top of the chart, corresponds 

to the total area of the chart, thus averaging all design features. The research panel obtained 

consensus about 42 questions, ranging from two to six questions per design feature (see online 

supplementary Appendix 1 for the included questions). For all questions, a visual analogue scale 

was adopted, yielding continuous data that were rounded to one decimal. The obtained final 

questionnaire was incorporated in the mobile application. 

Validity and usability 

To test the validity and usability, we used an expert-based ranking and a usability questionnaire 

for the raters who used the ID-SIM. The ranking of the team training courses by the simulation 

expert appeared to be identical to the predefined order. The expert was blinded to the assigned 

levels of quality. The Spearman’s ρ between the overall scores obtained by the raters and the  

i The ID-SIM is available for free in the App store of Apple (ID SIM, Denovo, Amsterdam, the Netherlands) 
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ranking by the expert was 0.95. 

All raters (strongly) agreed that the ID-SIM questionnaire was valuable for both design 

and evaluation of simulation-based team training courses. The mean overall rating assigned to 

the ID-SIM was 7.7 (on a scale ranging from 0 to 10). Nine out of ten raters would recommend 

the tool to colleagues (one neither agreed nor disagreed) and all (strongly) agreed that the ID-

SIM provides more insight into the strengths and weaknesses of a team training course. Four 

raters agreed, three raters disagreed and three raters neither agreed nor disagreed on whether 

the ID-SIM questionnaire was easy to use. Five raters thought the needed time was acceptable 

and two raters disagreed. After three training course assessments the raters felt familiar with 

the questionnaire. The average amount of time that they needed to complete the questionnaire 

for the evaluation of their first training course was 32 minutes (95% CI 16 to 48) and the fastest 

average time was 14 minutes (95% CI 9 to 19). 

 

Figure 1. Example of two simulation-based team training courses evaluated with the ID-SIM (poor design (left); 

good design (right)). 
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Figure 2. The score of one of the 10 instructional design features displayed in the mobile application. 

Reliability 

The 10 raters completed the ID-SIM questionnaire twice for the five training descriptions with 

an interval of at least two weeks. Table 1 demonstrates the relative contribution of each variance 

component between the observed scores. The variance due to subjectivity of raters was 3.5% 

(VTraining*Evaluator). The main contributing component of variance in the observed scores was due 

to differences in the quality of the five standardised training courses (VTraining 53.4%). The 

tendency for a training course to perform differently with a specific item was 17.7% (VTraining*Item). 

The G-coefficient calculated from Table 1 was 0.96.17 Among the 50 obtained overall scores 

(five standardised training courses by 10 raters), the single-rater interclass correlation 

coefficient was 0.91 (95% CI 0.77 to 0.99). The intrarater reliability coefficient (ICC) for each 

individual rater (concerning the overall score) ranged from 0.91 to 0.99. 
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Table 1. Variance components and relative contributions to the total variance  

Factor Variance component Percentage of variance (%) 

VTraining 743.8 53.4 

VEvaluator* 6.0 0.4 

VItem* 160.5 11.5 

VTraining*Evaluator 48.3 3.5 

VTraining*Item 246.5 17.7 

VEvaluator*Item* 15.9 1.1 

VTraining*Evaluator*Item 176.7 12.7 

* Item difficulty (VItem), assessor stringency (VEvaluator), and item-specific stringency (VEvaluator*Item) do not 

contribute to error as all training courses were assessed by all rates using the same items.20 

DISCUSSION 

To evaluate the instructional design quality of simulation-based team training courses, we 

developed the ID-SIM. The ID-SIM is a mobile application consisting of an evidence-based 42-

item questionnaire of which the results are directly visualised in a propeller chart. The current 

validation demonstrates that it is a valid, useful and reliable assessment tool. Raters agreed that 

the ID-SIM questionnaire increased the transparency of the strengths and weaknesses of the 

ten most important instructional design features. Furthermore, they all agreed that the ID-SIM 

was a valuable assessment tool to design or evaluate a simulation-based team training course. 

Only 3.5% of variance in scores was due to subjectivity of raters (VTraining*Raters). This minor 

contribution of the raters’ taste implies that the ID-SIM yields objective scores. A G-coefficient 

of 0.96 indicates that a reliable judgement based on the ID-SIM is possible, as the reliability 

threshold is 0.80.17 One could interpret this coefficient as that 96% of the variance in obtained 

scores is caused by real and stable differences between the training courses. Based on the 

overall score of the training courses, there was an excellent interrater reliability (ICC 0.91; 95% 

CI 0.77 to 0.99) and intrarater reliability (ICC varying from 0.91 to 0.99 for the individual 

evaluators). Besides, there was a high correlation (Spearman’s ρ 0.98) with the current gold 

standard (expert opinion).  

An important advantage of the ID-SIM is that it provides the research community with 

standardisation in the assessment of team training courses, based on the current key 

educational theories and literature. An objective and standardised evaluation of these courses 

enables reliable comparisons between different training designs. The ID-SIM can therefore play 

a fundamental role in examining the importance of the individual instructional design features. 

The configuration of a mobile app for this assessment tool guarantees that it is easy to access, 

and the propeller chart provides a quick overview. 

The ID-SIM also creates opportunities for less-experienced individuals who are 

challenged with the development of a simulation-based team training course. Although design 
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quality of a simulation-based team training course nowadays is most often determined by the 

opinion of simulation experts, an expert might not always be available. This implies that also 

less-experienced professionals are challenged to design and/or evaluate a simulation-based 

team training course, without being aware of the effective instructional design features. The ID-

SIM provides them with an easy-to-access mobile application, offering a standardised and 

objective framework of key features that should be included. Moreover, we found a high 

correlation between the ID-SIM overall score and expert opinion, which is of great importance 

as an expert opinion includes knowledge from literature and combines his/her knowledge with 

experience of turning this knowledge into reality. 

Limitations of our research design should be considered. First of all, we used 

standardised training course descriptions with an instructional design varying from poor to 

excellent. The variability in design quality might have influenced the magnitude of the ICC. 

However, the use of these training courses rules out inferences of possible publication bias and 

examines the use of the ID-SIM for all quality levels. Future research goals include the use of the 

ID-SIM across ‘real’ team training courses. Second, the obtained ratings might be influenced by 

common method bias. Although the raters were not involved with the development of the ID-

SIM, common rater effects (e.g., the tendency to maintain consistent in their responses, social 

desirability) cannot be ruled out. Both limitations are important to keep in mind when interpreting 

our results. However, the performed GT analysis provides more information about the different 

variance components that attribute to the total measurement error.  

Now that the validation results of the ID-SIM are promising, the ID-SIM should be tested 

across a diversity of simulation experts and training courses. Applying the ID-SIM to simulation-

based education more broadly might be possible in the future. Subsequently, the predictive value 

of the ‘ID-SIM overall rating’ for the effectiveness of a team training course needs to be 

established. To this end, it would be useful to evaluate the instructional design of training 

courses of which its effectiveness is assessed in a randomised controlled study. To enable 

evaluation with the ID-SIM, we therefore encourage authors to provide detailed information in 

scientific publications on the instructional design of team training courses. The use of the ID-

SIM may help guiding in inevitable tradeoffs between an optimal training course design and the 

available financial and other resources. 
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APPENDIX 1  

Feedback 

1. How many of the scenarios are provided with formative feedback? (The purpose of formative 

feedback is to improve performance rather than to present summative judgments. The former 

can come from several sources, e.g. from a facilitator, simulator and/or video recordings.) 

2. To which extent is the debriefing focused on identifying the reason for the gap between 

observed performance and the expected performance? 

3. How well is the following framework applied to all debriefing sessions: participant reaction –  

in-depth analysis of performance - discussion of lessons learned and take home points? 

4. How often are objectives debriefed that arise out of the simulated scenarios, but differ from the 

predefined learning goals? (These objectives are called ´emergent´ objectives.) 

5. How often are video recordings used to support the debriefing? 

6. How many of the facilitators are professionally trained to provide feedback to the trainees? 

Repetitive practice 

7. How many of the scenarios are repeated by the trainees during a training? 

If you have answered ´None´ or ´Unknown´ on the previous question, please click the ´Unknown´-option in 

the following two questions and continue with the last question of this block.  

8. How often is the repetition of the scenario focused on the correction of previous errors? 

9. How often is there opportunity to repeat the scenarios until the trainees completely master the 

skills? 

10. Distributed practice means that multiple training opportunities are provided over time (e.g. 

weekly, monthly or annual training). This is the opposite of ´massed practice´, in which a single 

training opportunity is provided. How well is the idea of ´distributed learning´ integrated in the 

training? 

Curriculum integration 

11. Simulation-based courses can be part of a standard training program or can be an extra-

ordinary training opportunity. To which extent is the current training part of a standard training 

program for trainees? 

12. An integration of a simulation-based training in an existing training program can contain the 

following framework: planning, implementation and evaluation. How well is this framework 

applied to the current training? 

13. How extensive was the contribution from the involved clinical department(s) in the facilitation of 

the training (e.g. support in way of training facilities, scenario development, protected time for 

teaching or providing facilitators)? 

14. After the entire training program, how many persons of one department are trained? 

15. High-stakes testing means that the results of the test have important consequences for the 

trainees. How important is the achievement of the learning goals of the current training for the 

daily practice of the trainees (e.g. certification, advancement, passing a course, license to 

practice, payment)? 

Difficulty range 

16. How often is there an appraisal of the ´a priori´ competencies of the team? 

17. How well is the degree of difficulty adapted to the performance of the trainees during the 

scenario? 
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18. A training with increasing difficulty levels will provide chances for trainees to build upon 

previously attained competencies. How well is this applied in the training? 

19. How often does the team have to master all aspects of the scenario before it can proceed to 

the next difficulty level? 

Learning strategies 

20. To which extent is the choice of the used learning method(s) clearly determined by the learning 

goals? 

21. Blended learning is the combination of multiple learning methods with the intent to achieve 

effective learning (e.g. studying literature, lectures, tutorials, instructional videos, serious 

games). How well does the current training represent the principle of blended learning? 

Clinical variation 

22. How extensive are the opportunities to simulate different clinical scenarios with the available 

equipment? 

23. To which extent are the settings of the simulation changing in response to the actions of the 

trainees (e.g. vital parameters, treatment response)? 

24. How well are different approaches to one learning goal applied in the current training? 

(´Different approaches´ means that a learning goal can be addressed in different scenarios, in 

which each scenario presents, for example, a different setting, etiology, progress of scenario or 

treatment.) 

25. To which extent is the training focused on life-threatening situations? 

Controlled environment  

26. How controlled is the learning environment? (A controlled learning environment is defined as an 

environment where trainees can make errors without any adverse outcomes for patients as well 

as for the trainees themselves.) 

27. How often does real clinical patient care distract the trainers during the training? 

28. How often does real clinical patient care distract the trainees during the training? 

Defined outcomes 

29. How extensive are the training needs of the trainees explored, with the intend to determine 

learning goals prior to the development of the training (e.g. by a survey, performance 

observation, interviews, brainstorm session)?   

30. To which extent is the design of the scenarios based on defined learning goals? 

31. How well are learning goals further specified in learning objectives? (Learning goals are 

statements about general aims of education that are broad, e.g. ´clear communication´. 

Objectives are brief, measurable and clear statements that describe the desired learning 

outcomes, e.g. closed loop communication.) 

32. How often are objective measurement tools used to measure the desired learning outcomes? 

33. How many of the learning goals have a minimum passing score? 

 

Individualised learning 

34. In how many of the scenarios of the training can each trainee participate actively? 

35. To which extent are the trainees required to define individual learning goals?  

36. To which extent is the training focused on individual learning goals? 

37. To which extent do the facilitators provide guidance in the achievement of individual learning 

goals apart from the common learning goals (e.g. support for defining individual learning goals, 

keep an eye on progress, next difficulty degree)? 
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Simulation fidelity 

38. To which extent do learning goals determine the choice for the type of simulator? (The type of 

simulator is defined as low-, medium or high fidelity simulators; corresponding with the ability to 

simulate clinical signs with reliability and realism.) 

39. How extensive is the introduction to the equipment and the learning environment prior to the 

simulated scenarios? 

40. How extensive is the introduction to the equipment and the learning environment prior to the 

simulated scenarios? 

41. How realistic is the time line of the scenarios? (This concerns the interval between interventions 

and effects.) 

42. How realistic is the clinical progress of the scenarios? 
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ABSTRACT 

Objective: To compare the opinion of trainees from different professions about simulation-

based obstetric team training courses with variation in the instructional design feature repetitive 

practice. 

Methods: The present study is part of a multicentre cluster-randomised controlled trial (TOSTI 

trial) that investigated the effectiveness of a one-day, multiprofessional, simulation-based team 

training. The training course focused on crew resource management in obstetric emergencies, 

and was provided in a simulation centre. In the TOSTI study the intervention group received a 

training which was designed based on best practice, and the control group received no training. 

After finishing the one year of follow-up, the control group received a training course in which 

the instructional design was changed by providing repetitive practice. At the end of the training 

day, all participants were asked to fill in a 29-item evaluation form, including a rating of the total 

training day on a scale of 1 to 10.  

Results: The best practice group consisted of 471 trainees and the repetitive practice  group of 

549, including gynaecologists, residents, midwives, and nurses. The best practice group rated 

the training significantly higher than the repetitive practice group (mean 8.8, SD 0.6 and mean 

8.7, SD 0.6; P < 0.003). Several characteristics of the training were also scored higher in the best 

practice group.   

Conclusion: A simulation-based obstetric team training with more repetitive elements is rated 

lower by obstetric health care professionals. However, differences in scores are very small, and 

will therefore probably not lower motivation.  

Keywords: Education; instructional design; repetitive practice; Simulation training; training; 

teamwork  
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INTRODUCTION 

Systematic reviews on the effectiveness of simulation-based training courses have 

recommended to implement effective instructional design features to optimise learning 

outcomes.1–3 Effective instructional design features have been described by Issenberg et al. and 

include the following 10 items: feedback, repetitive practice, ranging difficulty levels, defined 

outcomes, individualised learning, curriculum integration, multiple learning strategies, clinical 

variation, controlled environment and simulator validity.2 The effectiveness of several of these 

features were confirmed in another review  and were recommended to consider as the current 

‘best practice’ for the field.1 At the same time, the need for further research was highlighted, to 

elucidate what works, for whom, and under what circumstances.1 To unravel these elements, 

comparisons of different instructional designs is required.1,4  

One of the essential instructional design features is repetitive practice. The importance 

of repetitive elements during training sessions originates from learning theories such as 

deliberate practice and mastery learning. The goal of deliberate practice is constant skill 

improvement, not just skill maintenance. The power of it has been demonstrated in many 

professional domains including sports, commerce and science.5–7 The mastery learning theory 

is a strategy in which learners must attain a clearly-defined standard of performance before 

qualifying or advancing to the next task.8,9 A key requisite in both models is the need of highly 

motivated learners with good concentration. However, repetition of scenarios can negatively 

affect motivation, whenever tasks are not challenging enough.  

This multicentre, cluster-randomised controlled trial makes a direct comparison of two 

simulation-based team training courses with and without repetitive practice. The effectiveness 

on the level of trainees’ satisfaction was evaluated. We hypothesise that a training with more 

repetitive elements might be less challenging and causes a lower satisfaction of trainees.  

MATERIALS AND METHODS 

The current study is part of an open, multicentre, parallel, cluster-randomised controlled trial to 

evaluate the effectiveness on obstetric complications of a one-day, simulation-based obstetric 

team training in a simulation centre, in comparison with the absence of such team training with 

a follow-up period of one year.10 The simulation‐based obstetric team training focused on crew 

resource management (CRM) skills in obstetric emergencies. The intervention group received a 

training which was designed based on best practice, and the control group received no training. 

After the follow-up period of one year, the obstetric units of the control group received also a 

one-day, simulation-based obstetric team training. This training course differed from the initial 
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intervention, as we integrated the opportunity to repeat scenarios. In the present study, we report 

on how both training courses (best practice versus repetitive practice course) were evaluated 

by trainees. According to Kirkpatrick’s training evaluation, our assessment refers to the first level 

of training evaluation: trainees’ reactions to a training event.11 

In total, 24 Dutch obstetric units were randomly allocated in a 1:1 ratio to the intervention 

or to the control group using a computer-generated list. Eligible units were obstetric 

departments in both teaching and non-teaching hospitals in the Netherlands with at least 1000 

deliveries per annum. Randomisation was performed by an independent researcher using a 

computer-generated list. The randomisation was stratified for units being situated in teaching 

or non-teaching hospitals. Obstetric units which already had team training sessions were 

excluded. The entire multiprofessional staff of the obstetric units were obliged to participate, 

including gynaecologists, residents, midwifes, and nurses. All individual teams from one hospital 

were trained within a time period of four weeks.  

As this was a cluster-randomised clinical trial, allocating interventions at the group level, 

the institutional review board of the Máxima Medical Centre judged that ethical approval was 

not necessary.  

Team training was provided by a gynaecologist and a communication expert in a medical 

simulation centre in Eindhoven, the Netherlands. All the training instructors underwent an 

instructor training course, with emphasis on CRM skills. Teamwork training was provided in the 

context of clinical scenarios. The main learning objective concerned the improvement of CRM 

skills and communication while managing obstetric emergencies. Approximately 80% of the 

training course was spent on CRM and communication skills, and 20% on medical technical 

skills. This was reflected in the debriefing sessions and the oral presentations after the first 

scenario about CRM and medical technical skills. The birthing simulator Noelle TM (Gaumard, 

Miami, FL, USA) or the Emergency Care Simulator ECSTM (METI, Sarasota, FL, USA) were used 

in the clinical scenarios. 

The two training courses are outlined in Figure 1. In the best practice course, five 

obstetric scenarios were used with an increasing difficulty level: shoulder dystocia, eclampsia, 

umbilical cord prolapse, postpartum haemorrhage and resuscitation of a pregnant woman. The 

scenarios were based on national and international accepted guidelines by NVOG (The Dutch 

Society for Obstetrics and Gynaecology) and MOET (Managing Obstetric Emergencies & 

Trauma). Every scenario started with an introductory video, where the clinical situation was 

explained. After this introduction, the team moved to the simulation delivery room where they 

were required to manage the simulated patient. All the scenarios, lasting approximately 15 
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minutes, were videotaped. After each scenario, the team returned to the briefing room for a 30-

minute debriefing session. More thorough description of the scenarios, learning goals and 

instructions for facilitators is available online.12  

The repetitive practice course contained three of the five obstetric scenarios: shoulder 

dystocia, postpartum haemorrhage and resuscitation of a pregnant woman. The scenarios 

concerning shoulder dystocia and postpartum haemorrhage, were repeated till learning goals 

were reached. Intermittent feedback was provided, and difficulty levels of the scenarios were 

adjusted to match competency levels. Whenever skills were mastered, there was the possibility 

to advance to the next scenario.  

The main outcome of interest of the current paper was trainees’ opinion about the 

simulation-based medical team training course with and without repetitive practice features. At 

the end of the training day, all participants were asked to fill in a 29-item evaluation form with 

questions about personal details, and features such as: ‘The rooms in this accommodation were 

good’, ‘Learning goals were clear before the start of the course ’, ‘The set-up of the course was 

clear’, ‘The scheduled time for each scenario did match my training needs’, and ‘The training 

scenarios were challenging’. Every item could be rated on a scale of 1 to 5. The participants were 

also asked to rate the total training day on a scale of 1 to 10. Mean scores were calculated for 

all participants together as well as for the different professions separately.  

 Power calculation was performed based on the primary outcome of the study (a 

composite of maternal and perinatal outcome).10 This study comprised a secondary outcome. 

Data were analysed using SPSS (V.25, IBM). Descriptive statistics were calculated for participant 

characteristics. To compare mean scores between the best practice group and the repetitive 

practice group, unpaired t-tests were performed for the total group of participants, and for the 

separate professions. A variance analyses was performed to identify possible differences 

between the separate professions on how they rated the training in both study groups. Statistical 

significance was accepted at a two-sided P-value of 0.05. 

RESULTS  

In total, 36 obstetric units were approached of which eight did not meet the inclusion criteria, 

and four units declined participation. The remaining 24 units were randomised, and participants 

were included in the analysis. Each study group contained twelve obstetric units, five teaching 

and seven non‐teaching units. The obstetric units in the best practice course group received the 

simulation‐based team training between November 2009 and July 2010. The repetitive practice 

course group received the training between September 2011 and June 2012.  
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  Figure 1. The steps used in the best practice course and repetitive practice course. 
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The best practice group consisted of 471 trainees and the repetitive practice  group of 

572 participants including gynaecologists, residents, midwives, nurses, maternity assistants 

and unit leaders. Because no maternity assistants and unit leaders were trained in the best 

practice group, only results from gynaecologists, residents, midwives and nurses were included 

for analyses, resulting in 471 trainees in the best practice group and 549 trainees in the repetitive 

practice group. Baseline characteristics of both groups are presented in Table 1. Compared to 

the best practice group more participants in the repetitive practice group participated before in 

acute obstetric multiprofessional team training sessions or acute obstetric multiprofessional 

team training sessions with high-technology mannequins. 

Mean scores of the items that were evaluated in both training groups are shown in Table 

2. The rooms in the accommodation, ambiance and environment, food, drinks and customer 

friendliness were rated higher in the best practice group (respectively 4.5, standard deviation 

(SD) 0.6; 4.7, SD 0.5; and 4.7, SD 0.5) compared with the repetitive practice group (respectively 

4.4, SD 0.6, P 0.001; 4.5, SD 0.6, P < 0.001; and 4.6, SD 0.5, P < 0.001). The best practice group 

did also score significantly higher on not missing any feature in the course (4.3, SD 0.7 versus 

4.1, SD 0.9; P 0.017), the set-up of the training (4.5, SD 0.6 versus 4.4, SD 0.6; P 0.012), evaluation 

moments (4.7, SD 0.5 versus 4.6, SD 0.5; P 0.023) and the scheduled time for each scenario (4.5, 

SD 0.6 versus 4.4, SD 0.6; P 0.017).  Moreover, scenarios were rated more challenging in the best 

Table 1. Baseline characteristics of best practice group and repetitive practice group. 

Variables Best practice course Repetitive practice 

course 

P-value 

Number, n (%) 471 (46.2) 549 (53.8)  
Female, n (%) 423 (89.8) 502 (91.4) 0.43 

Years of experience in obstetrics, mean (SD) 14.32 (10.0) 13.92 (9.9) 0.53 

Profession  
  0.33 

   Gynecologist, n (%) 74 (15.7) 71 (12.9) 
 

   Midwife, n (%) 79 (16.8) 80 (14.6) 
 

   Nurse, n (%) 282 (59.9) 347 (63.2) 
 

   Resident, n (%) 36 (7.6) 51 (9.3) 
 

Have been participated before in individual acute obstetric 

training sessions, n (%) 
174 (36.9) 221 (40.3) 0.40 

Have been participated before in acute obstetric 

multiprofessional team training sessions, n (%) 
172 (36.5) 285 (51.9) <0.01 

Have been participated before in acute obstetric 

multiprofessional team training sessions with high-technology 

mannequins,   n (%) 

38 (8.1) 89 (16.2) <0.01 

In my hospital, acute obstetric training courses are frequently 

organised, n (%) 
264 (56.1) 298 (54.3) 0.45 
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Table 2. Mean scores for the items that were evaluated in the best practice and repetitive practice group. 

Variables Best practice 

group  

(mean, SD) 

Repetitive practice 

group 

(mean, SD) 

P-value 

1. The rooms in this accommodation were good 4.5 (0.6) 4.3 (0.6) 0.001 

2. The ambiance and environment were nice 4.7 (0.5) 4.5 (0.6) <0.001 

3. Foods, drinks and customer friendliness were good 4.7 (0.5) 4.6 (0.5) <0.001 

4. Learning goals were clear before the start of the course 3.8 (0.9) 4.2 (0.8) <0.001 

5. The content of the training did fit my learning needs 4.5 (0.6) 4.5 (0.6) 0.193 

6. I did not miss any feature in this course 4.3 (0.7) 4.1 (0.9) 0.001 

7. The set-up of the course was clear 4.5 (0.6) 4.4 (0.6) 0.012 

8. This training contains enough evaluation moments 4.7 (0.5) 4.7 (0.5) 0.083 

9. The evaluation moments were valuable 4.7 (0.5) 4.6 (0.5) 0.023 

10. The scheduled time for each scenario did match my 

training needs 
4.5 (0.6) 4.4 (0.6) 0.017 

11. The training scenarios were challenging  4.6 (0.5) 4.5 (0.6) <0.001 

12. The set-up of the scenarios was realistic 4.4 (0.6) 4.3 (0.6) 0.142 

13. The opportunities of the mannequins were clear before 

the start of the first scenario 
4.0 (0.9) 4.1 (0.8) 0.008 

14. The course content was interesting 4.8 (0.4) 4.7 (0.5) 0.105 

15. The scheduled program and pace of the training were 

good 
4.5 (0.6) 4.5 (0.6) 0.597 

16. The video recordings were useful 4.6 (0.6) 4.6 (0.6) 0.494 

17. I learned about:    

               Communication and teamwork 4.7 (0.5) 4.7 (0.5) 0.389 

               Medical technical aspects of acute obstetric 

               situations 
4.2 (0.8) 4.3 (0.8) 0.059 

18. I will perform more efficient in future acute obstetric 

situations after this training 
4.4 (0.6) 4.5 (0.6) 0.181 

19. The flowcharts support learning 4.5 (0.6) 4.5 (0.6) 0.383 

20. Individual training in acute obstetric situations is 

required 
4.6 (0.6) 4.6 (0.7) 0.175 

21. Team training in acute obstetric situations is required 4.9 (0.4) 4.9 (0.4) 0.812 

22. Multidisciplinary training will help to reduce avoidable 

medical errors 
4.8 (0.4) 4.8 (0.5) 0.537 

 

Table 3. Comparison of mean scores of the total training day for the separate professions. 

 

Best practice group   

(mean, SD) 
Repetitive practice group  

(mean, SD) 

P-value 

All participants 8.8 (0.6) 8.7 (0.6) 0.003 

Gynecologists 8.8 (0.6) 8.5 (0.7) 0.016 

Residents 8.7 (0.6) 8.7 (0.6) 0.685 

Midwives 8.7 (0.5) 8.7 (0.7) 0.745 

Nurses 8.8 (0.6) 8.7 (0.6) 0.005 
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practice group compared with the repetitive practice group (4.6, SD 0.5 versus 4.5, SD 0.6); P < 

0.001). On the contrary, learning goals were more clear before the start of the course in the 

repetitive practice group (3.8, SD 0.9 versus 4.2, SD 0,8; P < 0.001).  

 Comparison of mean scores of the total training day between the best practice group 

and the repetitive practice group are presented in Table 3. The best practice group rated the 

training significantly higher than the repetitive practice group (8.8, SD 0.6 and 8.7, SD 0.6; P < 

0.003). Comparative analysis between the two groups for the separate professions showed a 

significantly higher score among gynaecologists and nurses in the best practice group (8.8, SD 

0.6 and 8.8, SD 0.6) compared to the repetitive practice group (8.5, SD 0.7 and 8.7, SD 0.63;  

P 0.016 and P 0.005, Table 3).  

One-way ANOVA was performed to compare mean scores between professions in both 

groups. No difference between the professions was found (respectively P 0.142 and P 0.239).  

DISCUSSION 

This study showed that a simulation-based obstetric team training with more repetitive 

elements was generally rated lower by obstetric healthcare professionals. Also, the set-up of the 

training, not missing any feature in the course, the evaluation moments, the scheduled time for 

each scenario and the challenges of the scenarios were rated lower. On the contrary, learning 

goals were more clear before the start of the course in the group with more repetitive elements. 

The results confirm our hypothesis that a training with more repetitive elements is rated less 

challenging and is scored lower on satisfaction by trainees. However, the differences in scores 

found in this study were very small and will probably not lower motivation.  

The repetitive practice group was exposed to a training course with the opportunity of 

repeating scenarios with intermittent feedback. This instructional design feature is regarded to 

be effective for learning through simulation.1,2 In the current study the repetitive practice group 

rated the scenarios less challenging. They also scored lower on not missing any feature in the 

course, the set-up of the training, evaluation moments and the scheduled time for each scenario. 

An explanation could be that trainees consider repetition as less interesting, compared to 

participating in a new scenario. Although the ratings were still high and differences were small, 

one should keep in mind that integrating repetitive practice can impact trainees opinion about 

the training course. 

Trainees’ opinion about a training course might interfere with their motivation during the 

training course. Motivation of trainees is a fundamental requisite for effective adult learning.6–

8,13 When trainees are highly motivated they are able to engage in learning processes like 
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deliberate practice. The continuous improvement of performance, and sometimes acquisition 

of expertise, is not only the result of mere experience, but the building of a system including 

processes such as monitoring, planning and evaluation.7,13 This type of learning is not possible 

without the trainees’ full motivation and cooperation in the learning process. Scenarios need to 

be challenging to generate failures and feelings of inadequacy to drive and motivate trainees to 

critical reflect and learn.14 The design of a training course should therefore take trainees’ 

interests and motivation into account. 

The use of instructional design principles in obstetrics was also explored by De Melo et 

al.15,16 They showed that trainees who attended an instructional design format training yielded 

a better learning outcome, compared to a training based on best practice. After two years, the 

trainees in the instructional design format group still perceived improvements in communication 

skills and situational awareness.15,16 Applied to the current paper, trainees from the repetitive 

practice group rated their training course high, albeit significantly lower compared to the best 

practice group. The implications of this small difference between study groups on trainees 

motivation was not further examined, but we hypothesise that this small difference will probably 

not lower motivation.   

As the present study demonstrated a direct comparison of two simulation-based team 

training courses with and without repetitive practice, the present findings contribute to 

minimising the gap in comparative effectiveness research on simulation training courses. 

Strengths of this study are the randomised design, the amount of multiprofessional participants, 

and the specific investigation of one instructional design feature. A limitation is that the 

questionnaire was not validated. Further research should focus on the effectiveness on other 

Kirkpatrick levels and instructional design features. The ID-SIM, an evidence-based and reliable 

assessment tool for the instructional design of a simulation-based team training, may be an 

useful instrument for evaluation.17 

In conclusion, one of the essential instructional design features in simulation-based 

education is repetitive practice. This study showed that a simulation-based obstetric team 

training with more repetitive practice features is rated lower by experienced obstetric healthcare 

professionals. However, the differences in scores were very small (mean 8.8, SD 0.6 versus 

mean 8.7, SD 0.6; P 0.003), so this will probably not lower motivation.  
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ABSTRACT 

Objective: To investigate whether the effect of a one-day, simulation-based obstetric team 

training on patient outcome changes over time.  

Study design: Post-hoc analysis of a multicentre, open, randomised controlled trial that 

evaluated team training in obstetrics (TOSTI study). We studied women with a singleton 

pregnancy beyond 24 weeks of gestation in 24 obstetric units. Included obstetric units were 

randomised to either a one-day, multiprofessional, simulation-based team training focusing on 

crew resource management in a medical simulation centre (twelve units) or to no team training 

(twelve units). We assessed whether outcomes differed between both groups in each of the first 

four quarters following the team training and compared the effect of team training over quarters. 

Primary outcome was a composite outcome of low Apgar score, severe postpartum 

haemorrhage, trauma due to shoulder dystocia, eclampsia and hypoxic-ischemic 

encephalopathy.  

Results: During a one year period after the team training the rate of obstetric complications, both 

on the composite level and the individual component level, did not differ between any of the 

quarters. For trauma due to shoulder dystocia team training led to a significant decrease in the 

first quarter (0.06% versus 0.26%, OR 0.19, 95% CI 0.03 to 0.98) but in the subsequent quarters 

no significant reductions were observed. Similar results were found for invasive treatment for 

severe postpartum haemorrhage where a significant increase was only seen in the first quarter 

(0.4% versus 0.03%, OR 19, 95% CI 2.5 to 147), and not thereafter.  

Conclusion: The beneficial effect of a one-day, multiprofessional, simulation-based, obstetric 

team training seems to decline after three months. If team training is further evaluated or 

implemented, repetitive training sessions every three months seem therefore recommended. 

 

 

 

 

 

Keywords: obstetric care, patient outcome, randomised controlled trial, simulation, team training 
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INTRODUCTION  

Ensuring the safety of patients is an important aspect in emergency health care, including 

obstetrics.1 Patient safety in obstetric care has an extra dimension because the health of both 

mother and child are at risk.2 Unexpected life-threatening events can happen at every moment, 

challenging obstetric care teams to make decisions under major time pressure. Consequently, 

medical errors occur which can have extensive effects for patients.3,4 A considerable proportion 

of these medical errors are related to a lack of non-technical skills, such as communication and 

teamwork.5 Training of these non-technical skills is therefore thought to be important to improve 

patient safety. In fact, a recent review showed that the use of simulation training is effective for 

educating communication and critical thinking skills.6 Our research group showed that 

technology-enhanced simulation team training in obstetrics, with a special focus on non-

technical skills, was associated with a better team performance on the Clinical Teamwork Scale7 

and significant better use of technical skills.8 Similar results were found in other studies,9,10 but 

randomised controlled trials are scarce and only moderate benefits were identified on patient 

outcome.11,12 In view of the identified knowledge gap, we conducted a cluster-randomised trial 

to assess the effectiveness of a one-day, simulation-based obstetric team training in a 

simulation centre on the number of obstetric complications, during a one year follow-up (TOSTI 

study).13,14 The primary outcome, which was a composite of neonatal and maternal obstetric 

complications, was comparable in the intervention and control group. A breakdown of the 

primary outcome indicated less trauma due to shoulder dystocia in the intervention group and 

increased invasive treatment for severe postpartum haemorrhage.  

One of the possible limitations of this one-day intervention was that a decay of trainees’ 

acquired skills may have occurred during the one year follow-up after training, resulting in a 

decline of the effect of simulation-based team training on patient outcome. To assess this 

decay, we performed a post-hoc analysis of the TOSTI trial and divided the one year follow-up in 

four equal periods of three months assuming that most effects on patient outcomes will be seen 

in the first period after team training in comparison with the later periods.   

 

MATERIALS AND METHODS  

Trial design, study population and intervention  

We performed a post-hoc analysis of a cluster-randomised clinical trial that evaluated the effect 

of simulation-based team training on patient outcome, the TOSTI trial. Full details of the TOSTI 

trial, including the CONSORT flowchart, were reported previously.8,13,14 In short, the study was a 

multicentre cluster-randomised controlled trial performed between November 2009 and July 
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2011 to evaluate the effectiveness of a simulation-based obstetric teamwork training in a 

medical simulation centre on patient outcome. We randomly allocated 24 obstetric units in a 1:1 

ratio to team training in a medical simulation centre or to no team training. The study population 

consisted of all singleton pregnancies beyond 24 weeks of gestation. As the allocation of the 

intervention was at the cluster level, the institutional review board of the Máxima Medical Centre 

decided that ethical approval was not necessary. The trial has been registered in the Dutch Trial 

Register (NTR no. 1859) and a study protocol paper was published.13  

Outcomes  

Similar to the primary study, the primary outcome of this study comprised a composite of 

neonatal and maternal obstetric complications. We rated this outcome whenever one or more 

of the following events occurred during the year before the training and each quarter (Q1–Q4) 

after training: low Apgar score (defined as Apgar score <7 after five minutes), severe postpartum 

haemorrhage (defined as >4 packed cells blood transfusion, embolisation or hysterectomy), 

neonatal trauma due to shoulder dystocia (e.g. brachial plexus injury, clavicle fracture, humeral 

fracture), eclampsia and hypoxic-ischemic encephalopathy (HIE) in the neonate. We also 

performed an analysis on the composite outcome without postpartum haemorrhages as these 

interventions were encouraged during the training course, so the increased use might represent 

a learning effect. Other secondary outcomes included the individual components of the 

composite primary outcome, and perinatal and maternal mortality. Perinatal mortality was 

defined as fetal or neonatal mortality beyond 24 weeks of gestation and within 7 days 

postpartum. Maternal mortality was defined as the death of a woman during or within 6 weeks 

postpartum. The intervention and all outcome measures were evaluated at the cluster level. 

Cases complicated by one of the described obstetric complications without a clear event date 

were excluded for further analysis. This was also the case for event dates which were ahead of 

the start date of the prospective registration period, or subsequently to the follow-up period of 

one year. This was done because these obstetric complications could not be assigned to one of 

the four quarters.  

Statistical analysis  

Analyses were performed according to intention-to-treat. The difference in morbidity and 

mortality rates (at the cluster level) between the two study groups was assessed by calculating 

the odds ratio (OR) with 95% confidence intervals (95% CI) using a random intercept, logistic 

regression model for each quarter. The random intercept per hospital was required since the 

pre- and post-intervention measurement comprised different women. Stratified randomisation 

was taken into account by including the presence of residents in a hospital as a covariate to the 
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regression model.15 Furthermore, the analysis of each outcome was accounted for possible 

imbalances in baseline characteristics by adding the pre-intervention rate of that particular 

outcome to the model as a covariate as well. A Chi-square test was used to assess potential 

statistical heterogeneity between the odds ratios of each quarter for the different outcomes.  

RESULTS  

There were 24 units randomised and included in the analysis (see CONSORT flow chart in Figure 

1). Each study group contained five teaching and seven non-teaching units. The starting time of 

the follow-up period of one year was synchronised with the moment that the entire unit was 

trained. In total, 74 multiprofessional teams received the training, consisting of 74 

gynaecologists, 36 residents, 79 midwives and 282 nurses. Participation rates of the healthcare 

professionals of the included obstetric units were around 95%. In the post-intervention period 

we studied 29,063 women with a singleton pregnancy beyond 24 weeks of gestation of which 

13,975 were included in the intervention group and 15,088 in the control group.  

 

Figure 1. CONSORT flow diagram of enrolment of Dutch obstetric units in the cluster-randomised design. 
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Primary outcome  

The primary composite outcome of morbidity was comparable in the intervention and control 

group over all four quarters (Figure 2, P-value heterogeneity 0.97). Similar results were found for 

the composite morbidity outcome without invasive treatment for postpartum haemorrhages (P-

value heterogeneity 0.85).  

Secondary outcomes  

There were no statistically significant differences in between the four quarters of the one year 

follow-up in the intervention and control groups regarding the individual obstetric complications 

(Table 1). P-values for heterogeneity for all outcome measures were > 0.05. For two outcomes 

statistically significant effects of team training were found in one of the four quarters. Trauma 

due to shoulder dystocia was decreased after team training as compared to no training in the 

first quarter after team training (0.06% versus 0.26%, OR 0.19; 95% CI 0.03–0.98) as seen in 

Table 1 and Figure 3. A similar significant effect was seen for invasive treatment for severe 

postpartum haemorrhage in the first quarter (0.4% versus 0.03%, OR 19; 95% CI 2.5–147), as 

seen in Figure 4. No statistically significant effects were found for both outcomes in the 

consecutive quarters.  

 

Figure 2. Odds ratio of composite outcome over  

the four quarters 
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Table 1. Obstetric complications in singleton pregnancies beyond 24 weeks pre-intervention and post-

intervention per quarter (Q1-4) 

 

HIE: Hypoxic ischemic encephalopathy. * statistical significant effect 

 

 Pre-intervention Q1 Q2 

Main outcome 
measures 

Interven-
tion group 
N= 13971 

Control  
group 

N= 13538 

Intervention 
group 

N= 3523 

Control  
group 

N= 3781 

Odds ratio 
(95% CI) 

Interven-
tion group 
N=3733 

Control  
group 

N=3879 

Odds ratio 
(95% CI) 

Composite outcome 
273  

(2.0%) 
302  

(2.2%) 
43 

(0.01%) 
45  

(0.01%) 
1.5       

(0.77-2.9) 
59  

(1.6%) 
46 

(1.2%) 
1.4       

(0.87-2.1) 

Composite outcome 
without postpartum 
haemorrhage 

255  
(1.8%) 

272  
(2.0%) 

30 
(0.85%) 

44  
(1.2%) 

0.99      
(0.51-1.9) 

53  
(1.4%) 

43 
(1.1%) 

1.3       
(0.82-2.2) 

Perinatal asphyxia 
(AS <7 after 5 min) 

211  
(1.5%) 

244  
(1.8%) 

50 
(1.4%) 

62  
(1.6%) 

1.0       
(0.68-1.6) 

59  
(1.6%) 

50 
(1.3%) 

1.3       
(0.85-1.9) 

Trauma due to 
shoulder dystocia 

43  
(0.31%) 

26  
(0.19%) 

2 
(0.06%) 

10  
(0.26%) 

0.19*      
(0.03-0.98) 

9  
(0.24%) 

7 
(0.18%) 

0.78      
(0.25-2.5) 

Severe postpartum 
haemorrhage 

20  
(0.14%) 

32  
(0.24%) 

14 
(0.40%) 

1  
(0.03%) 

19*         
(2.5-147) 

7  
(0.19%) 

6 
(0.15%) 

0.84      
(0.22-3.2) 

Eclampsia 
4  

(0.03%) 
6  

(0.04%) 
1 

(0.03%) 
5  

(0.13%) 
0.27      

(0.03-2.4) 
4  

(0.11%) 
6 

(0.15%) 
0.86      

(0.23-3.2) 

HIE* 
7  

(0.05%) 
5  

(0.04%) 
3 

(0.09%) 
2  

(0.05%) 
1.7       

(0.23-13) 
4  

(0.11%) 
1 

(0.03%) 
2.8       

(0.17-45) 

Perinatal mortality 
82  

(0.59%) 
59  

(0.44%) 
20 

(0.57%) 
14  

(0.37%) 
1.8       

(0.82-3.8) 
15  

(0.40%) 
14 

(0.36%) 
1.1       

(0.51-2.5) 

Maternal mortality 0 (0%) 
1  

(0.01%) 0 (0%) 
1  

(0.03%) NA 
0  

(0%) 0 (0%) NA 

 Q3 Q4 

Main outcome 
measures 

Interven-
tion group 

N=3481 

Control  
group 

N=3772 
Odds ratio 
(95% CI) 

Interven-
tion group 

N=3238 

Control  
group 

N=3656 
Odds ratio 
(95% CI) 

Composite outcome 
46 

(1.3%) 
42  

(1.1%) 
1.4       

(0.68-2.9) 
37  

(1.1%) 
30  

(0.82%) 
1.5       

(0.82-2.7) 

Composite outcome 
without postpartum 
haemorrhage 

37  
(1.1%) 

39  
(1.0%) 

1.2       
(0.56-2.6) 29 (0.90%) 

26  
(0.71%) 

1.4       
(0.66-3.0) 

Perinatal asphyxia 
(AS <7 after 5 
minutes) 

54  
(1.6%) 

83  
(2.2%) 

0.85      
(0.57-1.3) 

54  
(1.7%) 

64  
(1.8%) 

1.1       
(0.74-1.6) 

Trauma due to 
shoulder dystocia 

8  
(0.23%) 11 (0.29%) 

0.72      
(0.26-2.0) 

4  
(0.12%) 

4  
(0.11%) 

0.90      
(0.20-4.0) 

Severe postpartum 
haemorrhage 10 (0.29%) 

3  
(0.08%) 

3.5       
(0.89-14) 

9  
(0.28%) 

6  
(0.16%) 

1.6       
(0.55-4.9) 

Eclampsia 
0  

(0%) 
0  

(0%) NA 
1  

(0.03%) 
1  

(0.03%) 
1.9       

(0.12-31) 

HIE* 
6  

(0.17%) 
0  

(0%) NA 
1  

(0.03%) 
1  

(0.03%) 
0.29      

(0.00-20) 

Perinatal mortality 13 (0.37%) 28 (0.74%) 
0.51      

(0.25-1.0) 12 (0.37%) 
23  

(0.63%) 
0.55      

(0.27-1.2) 

Maternal mortality 
0  

(0%) 
0  

(0%) NA 
0  

(0%) 
0  

(0%) NA 
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The effect of team training on the rate of eclampsia seems to decline from Q1 to Q2 to 

Q4 (OR 0.27 vs. OR 0.86 vs. OR 1.9, P-value heterogeneity 0.52), while an opposite trend was 

found for perinatal mortality from Q1 to Q4 (OR 1.8 vs. OR 1.1 vs. OR 0.51 vs. OR 0.55, P-value 

heterogeneity 0.06). There were no differences seen for the outcomes low Apgar score, HIE, and 

maternal mortality.  

There were 76 women with newborns with a day of birth which was ahead of the start 

date of the prospective registration period, or with neonates born subsequently to the follow-up 

of one year. These cases were excluded for further analysis.  

Figure 3. Odds ratio of fetal damage due to shoulder  Figure 4. Odds ratio of invasive treatment 

dystocia      for severe postpartum haemorrhage 

 

COMMENT  

Our multicentre, cluster-randomised controlled trial revealed that a one-day, multiprofessional, 

simulation-based obstetric team training in a simulation centre, focusing on teamwork skills, did 

not reduce a composite of obstetric complications. This was also the case in this post-hoc 

analysis. A breakdown of the components of the primary outcome showed a reduction in the 

number of trauma due to shoulder dystocia in the intervention group. Our current study shows 

that this effect was mainly a result of the technology-enhanced simulation training in the first 

quarter. A similar result was seen for invasive treatment for severe postpartum haemorrhage. 

Our findings are in line with our hypothesis that the effect of simulation-based team training on 

patient outcome declines after training. Based on this analysis in which the beneficial effect 

seems to decline the first quarter after simulation team training, a repetition of training sessions 

e.g. every three months seems advised.  
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There is increasing evidence in actual literature on repetitive practice. Cook et al. 

analysed over 600 studies in a systematic review and meta-analysis and reported that the 

distribution of learning activities over more than one day were consistently associated with 

larger effect sizes.16 Although effectiveness of technology-enhanced simulation is well-

established, question remains on how often to perform this simulation to be (cost-)effective. 

Repetitive practice is identified as a factor leading to a maximum benefit of simulation-based 

medical education with a rising number of repetitions resulting in an increasingly superior 

performance until a performance plateau is reached and to promote long-term retention.17,18 

Bluestone et al. reported in an integrative literature review repetitive interventions, rather than 

single interventions, were shown to be superior for psychomotor, communication or critical 

thinking skills.6 Repetitive training provided reinforcement of important messages, opportunities 

to practice skills and mechanisms for fostering interaction resulting in better knowledge 

outcomes, better long-term retention of knowledge and better clinical decisions compared with 

single interventions. A one-day training as performed in our study seems to have a short-term 

effect on learning activities.  

The Simulation And Fire drill Evaluation (SAFE) study in the UK investigated factual 

knowledge and performance after training for shoulder dystocia, postpartum haemorrhage and 

eclampsia and reported that improvements were maintained for at least 12 months after 

training.19,20 Difference between this SAFE study and our study is that they trained particularly 

on technical skills. As a result almost all trainees in the SAFE study were proficient at the end of 

the training. They reported at the end of their study that annual training seems adequate for 

those already proficient before training, but more frequent rehearsal is advisable for those 

initially lacking competency until skill acquisition is achieved.  

Training programmes associated with improvements in clinical outcome have all 

mandated annual training.21 Based on these studies the fifth CESDI report in 1998 

recommended that a ‘high level of awareness and training for all birth attendants’ should be 

observed.22 Annual ‘skill drills’, including shoulder dystocia, are recommended jointly by both the 

Royal College of Midwives23 and the RCOG24 and are one of the requirements in the Clinical 

Negligence Scheme for Trusts (CNST) maternity standards.25 The recommendations of these 

guidelines might therefore be adjusted by the findings of our study.  

A recent paper by Bergh et al.26 reviewed evidence regarding change in healthcare 

provider behaviour and maternal and neonatal outcomes as a result of emergency obstetric and 

neonatal care training. They identified 35 peer-reviewed articles representing 23 trials. Six of 

these studies reported on repeat or refresher training sessions. The SAFE study recommended 
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annual updating for training participants proficient in the management of shoulder dystocia. 

Another trial (QUARITE) required recertification once per year. A recent study by Crofts et al.27 

investigated the management and outcomes of incidences of shoulder dystocia in the 12 years 

following the introduction of an obstetric emergencies training programme. Training course 

consisted of a bimonthly multiprofessional one-day intrapartum emergencies training course. 

They reported that there were significant benefits to long-term, embedded training programmes 

with improvements in both management and patient outcomes.  

Our study shows that one-day, simulation-based obstetric team training has a short-term 

effect on the highest Kirkpatrick level of training evaluation: the health of mother and baby. In 

line with a growing body of evidence, repetitive practice, retention and transfer of knowledge and 

skills have a beneficial effect on learning outcomes. This also fits within the theory that expert-

level performance is primarily the result of expert-level practice and not just due to innate talent. 

This concept is known as ‘deliberate practice’.28  

Strengths and limitations  

The most important strength of the main study is its trial design: a large randomised study within 

the field of simulation-based team training with evaluation on patient outcome. Recent literature 

on the effect of repetitive training on patient outcome is scarce. The applied cluster-randomised 

design diminishes the risk on bias from external influencing factors, for example an 

implementation of a national guideline, in comparison to pre-post study designs.  

Obstetric units allocated to the intervention group received a one-day team training 

course in a medical simulation centre. Each obstetric unit consisted of multiple 

multiprofessional teams consisting of a gynaecologist, a midwife, a resident and two or three 

nurses. Each team was formed around a single gynaecologist. In the year following 

randomisation, group composition (which is dependent on the on-call rota) could have been 

different from the team composition that underwent the team training. However, we assumed 

that simultaneous training of different healthcare professionals would lead to a change in work 

ethics, which is not dependent on the composition of a specific team. Besides, because all 

personnel was trained in the same roles as their own normal professional responsibilities, we 

think that different team compositions during real-life situations will not have affected the team 

performance. This was even one of the main reasons to train all personnel of the participating 

hospitals. It represents everyday work in the delivery rooms of the different hospitals.  

During this post-hoc analysis it turned out that in the effect measurement there were 76 

women with newborns with a day of birth which was ahead of the start date of the prospective 

registration period, or with neonates born subsequently to the follow-up of one year. We 
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excluded these cases for further analysis. The primary study was specifically powered on a total 

number of cases after twelve months follow up and not just after three months. A lack of power 

in the current analysis could explain why we found no statistically significant differences despite 

some trends towards less obstetric complications seemed to be present (e.g. lower incidence 

of eclampsia in the first two quarters). Additionally, the morbidity rates found in the primary trial 

were lower than expected which further attributes to the low statistical power to detect between 

quarter intervention effects.  

Another limitation was the fact that we did not have data on patient-level, but only data 

per quarter in the year after the training. With data on patient-level we might have been able to 

determine the optimal moment for repetitive training sessions.  

In the effect measurement concerning low Apgar score and perinatal mortality there was 

a considerable amount of lost cases (around 350) due to missing delivery dates. Because of the 

missing dates we performed an extra search for these two outcome measures to complement 

the missing data. This work was done by local employed staff and data from Perined. As a result 

we collected more women with a singleton pregnancy beyond 24 weeks of gestation than we 

did in our primary analysis (N: 29,063 vs. 28,657).  

Interpretation  

We have assessed whether outcomes differed between both groups in each of the first four 

quarters following the team training. We choose these intervals rather randomly. Therefore, 

more research is needed to determine the ideal training interval, but with the current available 

evidence team training every three months seems advised. Literature on retention of skills 

suggests that detoriation of the non-used skills appears to occur about 6–12 months after 

training. More research within this field of retention of skills and on the effect of possible short 

booster courses on patient outcome is necessary to determine the optimal interval between 

training sessions.  
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Objective 

Leadership is a complex concept of non-technical skills that directly influences the quality of 

patient care.1 Competence in leadership includes a set of behaviours that are related to 

evaluation and planning (such as prioritising, making plans, assigning roles), more action-related 

skills (monitoring the team and the patient, coordination), and interpersonal skills (positive 

attitude, trustworthy).1 These cognitive and social skills are highly demanding, and therefore the 

leader should preferably be not distracted by performing technical skills or other interruptions.2 

We hypothesise that simulation-based obstetric team training improves leadership, and hence 

will influence walking behaviour of leaders and other team members. In the current study we 

explored whether simulation-based obstetric team training leads to a change of movements of 

the gynaecologists, compared to the other team members. The gynaecologists are considered 

to be the team leader. 

Study design 

Ten multiprofessional obstetric care teams participated in simulation-based obstetric team 

training, provided in a medical simulation centre. The teams were videotaped while managing 

two clinical scenarios at the beginning (pre-briefing), and after several scenarios and debriefing 

sessions (post-briefing). Each scenario during this one-day training course was debriefed by a 

communication and medical expert, with special attention for teamwork skills, including 

leadership skills. The pre-briefing scenario comprised a shoulder dystocia, and in the post-

briefing scenario the team needed to manage a postpartum haemorrhage. Video recordings 

were evaluated by four observers who measured the time each team member walked during the 

scenario. Main outcome was the relative moving time of the gynaecologists versus the other 

team members. The relative time was calculated by dividing the absolute time the participant 

was moving, by the absolute time the participant was in the room. A Mann-Whitney U test was 

used to compare groups. 

Results 

Ten multiprofessional teams consisted of four to five team members (in total 10 gynaecologists, 

three residents, nine midwives and 25 nurses participated in the training course). Two pre-

briefing scenarios were excluded as no gynaecologist was consulted by the team. In the pre-

briefing scenario, the relative time spent on walking by the gynaecologists was comparable to 

the rest of the group (9.3% versus 9.0%; for the gynaecologist and other team members 

respectively; P-value 0.49). The gynaecologists in the post-briefing group moved significantly 

less than the other team members (6.3% versus 12.6%; for the gynaecologist and other team 

members respectively; P-value 0.009).  
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Conclusion 

Before training, the relative moving time of the gynaecologists was comparable to the other 

team members. After simulation-based obstetric team training, the relative moving time of a 

gynaecologist was significantly less compared to the other team members. Further research 

should consider to correlate our findings with the quality of leadership and team performance. 

These efforts could eventually result in clear instructions during training and new possibilities 

for assessment.  
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General discussion and future perspectives 

 

Obstetric care can be called a ‘risky business’, as the risk of a baby dying at the day of birth, is 

comparable to the risk of dying until the 92nd year of life.1 Safety of the care for babies is related 

to the quality of teamwork performance of the obstetric care team.2 Unfortunately, a lack of 

teamwork and communication skills is identified in 75% of preventable medical errors in 

obstetric care in the Netherlands.3 These results are not restricted to the Dutch care system, nor 

to obstetric care, since international studies and other medical disciplines report the same 

problems.4-6 It is therefore that improvement of teamwork and communication skills is strongly 

advised in medical disciplines throughout the world. However, changing the way health care 

professionals communicate and work together is challenging, as this is related to their 

personality and interpersonal relationships. Improvement of communication and teamwork 

skills demands the application of an effective learning method. One of the proposed methods is 

simulation-based medical education. Simulation-based education was already proven to be an 

effective learning method for medical technical skills, and has now become a main learning 

method for teamwork and communication skills. The ultimate goal of simulation-based 

obstetric team training is to improve patient safety by increasing the capability of care teams to 

manage emergency situations in a safe way. Development of such a training course requires a 

systematic approach in which training evaluation is an integral part.7 Evaluation comprises an 

iterative process, that serves the ongoing endeavours of designing an optimal training course. 

This thesis aims to provide insight into the effectiveness and design of simulation-based 

obstetric team training.  

 

In this chapter the following research questions mentioned in chapter 1 are discussed and 

placed in light of the most recent literature: 

 

Training evaluation – what we can learn from comparisons in the past 

1. What is the best validated assessment tool to evaluate teamwork performance in obstetric 

simulations? 

2. What is the effectiveness of a one-day, simulation-based obstetric team training in a 

simulation centre, on teamwork skills and medical technical skills in practice? 
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3. How does a one-day, simulation-based obstetric team training in a simulation centre, 

impact patient outcome? 

4. What is the current evidence on effectiveness of simulation-based obstetric team training 

courses? 

Training design – putting current evidence into practice 

5. Which instructional design features are needed to design an effective simulation-based 

team training? 

6. How to apply the instructional design feature ‘repetition’ in simulation-based obstetric 

team training to achieve effective learning? 

Future perspectives – team behaviour and simulation-based obstetric team training 

7. Does simulation-based obstetric team training changes the walking behaviour of team 

members? 

 

Training evaluation – what we can learn from comparisons in the past 

What is the best validated assessment tool to evaluate teamwork performance in obstetric 

simulations? 

Training evaluation requires reliable and valid assessment tools. Besides, assessment tools are 

also required to measure desired learning outcomes in order to provide feedback, and achieve 

effective training courses.8,9 Hence, we performed a systematic search and review in chapter 2 

to identify the best assessment tool(s) for the evaluation of obstetric teamwork performance in 

simulated settings. Six assessment tools were included and critically evaluated regarding their 

psychometric properties, based on the guidelines developed by the Accreditation Council for 

Graduate Medical Education (ACGME).10 The Clinical Teamwork Scale (CTS) demonstrated the 

best psychometric properties.11 Furthermore, the Teamwork Measurement Tool (TMT) was also 

a promising tool, but the validation process was not yet sufficient.12 However, based on the 

ACGME guideline, all included assessment tools were classified as a Class 3, and level C of 

evidence.13 Class 3 refers to an overall recommendation, indicating that the assessment method 

can be used provisionally as a component of the program’s evaluation process. Level C of 

Evidence means that there is acceptable reliability, validity or educational impact, and that it may 

be usable by many programs.14 Since the ACGME guidelines are not yet frequently applied, we 

additionally assessed all studies according to the Oxford Centre for Evidence Based Medicine 

levels of evidence. The CTS and TMT both received a level 3b, while the other tools received a 

level 4 of evidence. In conclusion, there are some promising evaluation tools for obstetric 
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teamwork performance available, but the overall quality of evidence to support the use of these 

tools as a core component of the training program’s evaluation, is limited.  

Similar limitations in quality of evidence are found in two other reviews on assessment 

tools for teamwork performance.15,16 The lack of a gold standard for teamwork performance 

may explain the applied validation processes. Different methods are used to overcome this 

problem, for example the comparison with other teamwork assessment tools, and/or the use of 

expert opinions. The unawareness of available guidelines may be another explanation for the 

lack of appropriate validation studies. To make the ACGME guidelines more familiar to other 

researchers, we applied them in chapter 2.  

New publications regarding assessment tools for teamwork performance in obstetrics, 

unfortunately, did not yet apply the ACGME guideline. A possible explanation could be that the 

time between our publication and the new ones was too short. These new publications included 

a systematic review.16 This review found no other relevant, validated, assessment tools for the 

evaluation of obstetric teamwork performance, compared to our review.16 In two other studies 

new assessment tools were described. The MINTS-DR17 showed positive findings for 

usefulness and usability. The lack of an evaluation of validity and reliability is an important 

shortcoming in its validation process, which makes it, for now, inappropriate to apply. The other 

assessment tool18 was a more promising tool that was developed using a systematic 

consensus-based Delphi process.19 This PETRA scale had a strong construct validity, high 

internal consistency, and moderate agreement between raters. However, due to the moderate 

agreement between rates and lack of usefulness evaluation of the PETRA scale, in our opinion 

the CTS20 currently remains the best available validated tool.   

Further research should focus on refinement of validation processes of the most 

promising assessment tools, like the CTS20, TMT12 (and PETRA scale18). This validation should 

preferably follow the recommended ACGME guideline. To reach the highest level of evidence, 

the validation should also include an external validation.  

 

What is the effectiveness of a one-day, simulation-based obstetric team training in a simulation 

centre, on teamwork skills and medical technical skills in practice? 

It was known from earlier studies that simulation-based obstetric team training causes a 

positive shift in participants’ perception of team performance, and patient satisfaction regarding 

teamwork.21,22 In addition, a randomised trial comparing didactics, simulation-based teaching, 

and a combination of these two, found improvement of team performance after each 

intervention (measured at level two of Kirkpatrick), but there was no significant difference 

between teaching methods.23 As the available evidence was limited,24 we performed a 
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multicentre, cluster-randomised controlled trial to evaluate the effectiveness of a one-day, 

simulation-based obstetric team training in a simulation centre (TOSTI trial).  

In chapter 3 this cluster-randomised trial is discussed. In total, 24 Dutch obstetric units 

were included and randomised 1:1 to the intervention or to the control group. The intervention 

comprised a one-day, simulation-based obstetric team training in a simulation centre. 

Teamwork training was provided within the context of clinical scenarios. The main learning 

objective concerned the improvement of crew resource management (CRM), and 

communication skills in obstetric emergencies.25 In chapter 3, teamwork and communication 

skills were assessed by performing two unannounced in situ simulation six to eight months after 

the intervention at each obstetric unit.26 Based on the review in chapter 2, we used the CTS for 

the evaluation of teamwork performance in the scenarios of the in situ simulation. The group 

who received the intervention, scored significantly higher on the CTS, compared to the group 

who received no team training. Predefined obstetric procedures for the management of two 

obstetric emergency situations were also significantly more frequently used in the training 

group, compared to the control group.   

The improvement of teamwork performance was mainly based on the improvement of 

communication. This could be explained by the existence of clear learning goals for 

communication, e.g. SBAR (Situation-Background-Assessment-Recommendation) structure for 

hand-over, directed communication, and closed loop communication. Items like ‘resource 

allocation’ are more difficult to define, which might result in reduced implementation by 

participants. Moreover, assessment of the latter is more challenging, as these items are difficult 

to observe.  

A limitation of our trial could be that a relatively small number of clinical teams was 

tested during the in situ simulation. The composition of these teams (which is dependent on the 

on-call rotations) could have been different from those that participated in the team training. 

However, we assumed that training of an estimated 95% of employed staff, would lead to a 

change in work ethics, which is not dependent on the composition of a specific team. Our aim 

was to perform an unannounced clinical assessment, which would represent the real-life team 

performance and skills of the medical on-call team.  

Since the conduction of the TOSTI trial, several trials were published that evaluated the 

effect on teamwork and communication. An improvement in communication was identified by 

Dadiz et al., in a prospective observational trial.27 Moreover, the PRONTO training in Mexico and 

Guatamala also revealed improvement of teamwork scores.28,29 However, these results arrived 

from non-randomised studies.  
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How does a one-day, simulation-based obstetric team training in a simulation centre, impact 

patient outcome? 

The evaluation at patient outcome refers to level four of Kirkpatrick. This embodies the 

translation from learning achieved in educational settings, to downstream patient care practices 

and patient health.30 Before the start of the TOSTI trial, there were only two studies – both from 

the same research group - that reported on the effect on patient outcome of simulation-based 

obstetric team training. The first study was a retrospective cohort trial in which obstetric 

emergency training was associated with a significant reduction in low 5-minute Apgar scores 

and hypoxic-ischemic encephalopathy (HIE).31 Two years later they also found an improvement 

of neonatal outcome after shoulder dystocia training.32  

In chapter 4 the evaluation of the effect of a one-day, simulation-based obstetric team 

training in a simulation centre was performed at the level of patient outcome.33 This multicentre, 

cluster-randomised controlled trial showed that the intervention was not able to reduce a 

composite outcome of obstetric complications, with a follow-up period of one year. However, a 

two-fold reduction in neonatal trauma due to shoulder dystocia was identified, similar to the 

findings of Draycott et al.32 Furthermore, a two-fold increase of invasive treatment for 

postpartum haemorrhage, including blood transfusion (>4 packed cells), embolisation or 

hysterectomy was found, which is indicative for an active management of postpartum 

haemorrhage. The other components of the composite outcome measure (including low Apgar 

score, eclampsia, hypoxic ischemic encephalopathy, and perinatal asphyxia) and secondary 

outcomes (perinatal and maternal mortality) did not significantly differ between study groups.  

The lack of an effect on obstetric complications is interesting, as our prior publication 

showed that the applied intervention successfully improved teamwork skills and the application 

of medical technical skills.26 However, these results are in line with the findings of a systematic 

review that described large effects on knowledge, skills, and behaviours, and moderate effects 

on patient-related outcomes after technology-enhanced training.34 In the same year that our 

results were published, a similar randomised study, performed in Mexico, was published.35 

Comparable to our findings, this trial found no effect on maternal complications after a low-tech, 

simulation-based team training course. However, a reduction of the number of caesarean 

deliveries was identified. Other studies, mainly non-randomised, have shown positive effects of 

simulation-based team training on patient outcome and other composite outcome 

measures.31,32,36-38  

The decrease of trauma due to shoulder dystocia in the intervention group compared 

with the control group, is in alignment with results from other studies.32,39 In contrast to most 

studies, this decrease was mainly caused by a lower number of clavicle fractures instead of 
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brachial plexus injury. However, in both study groups the number of plexus lesions was very low. 

The chosen outcome measure for severe postpartum haemorrhage (>4 packed cells of blood 

transfusion, embolisation or hysterectomy) is somewhat confusing. In the training course the 

interventions of massive transfusion, embolisation and hysterectomy were encouraged. The 

goal was to prevent hypovolemic shock and maternal mortality. An increase of the use of these 

interventions can therefore be considered as a positive learning effect, in contrast to the 

negative effect associated with the increase of the other outcomes (like low Apgar score). Other 

authors considered an increase of blood transfusion to be a negative outcome.40,41 However, 

they used a transfusion rate, rather than looking at the need for massive transfusion, or 

intervention as embolisation or hysterectomy. 

The question “why haven’t we found any effect on the composite outcome measure?”  

remains. Multiple hypotheses can be considered, yet distinguishing three main causes: 1) the 

design of the study was not optimal, 2) the design of the intervention was not sufficient, and 3) 

the intervention will never improve patient outcome.  

Regarding the design of the study, one could argue that we changed our original sample 

size calculation to take into account the cluster design of the study by including an ICC in the 

sample size calculation. As indicated, this was done while the intervention was running, but prior 

to data analysis. In retrospect, we think that the use of an ICC was not necessary. The reason is 

that the randomisation and inference were at the same level: the cluster level. This implies that 

adjustment of the sample size and analysis is not necessary.42 We advise future researchers to 

critically appraise the level of randomisation and inference before adjusting sample sizes and 

analyses.   

Another comment on the trial design could be that the actual incidence of the composite 

outcome was much lower (2%) than the 15% that was anticipated, resulting in an 

underestimation of the sample size. The anticipated 15% was based on an inclusion of all 

women with postpartum haemorrhages (and not only the ones who had >4 packed cells, an 

embolisation or hysterectomy). However, as there was no indication of a difference in the 

composite outcome between the two groups, it is not very likely a larger sample size would have 

changed our results. Secondly, we used a combined outcome measure in order to overcome the 

need for huge sample sizes. A disadvantage of combined outcome measures is the different 

underlying processes of the individual components.43,44 The latter is what we encountered with 

postpartum haemorrhage. However, a sensitivity analysis in which postpartum haemorrhage 

was considered not to be part of the composite outcome, showed similar results to the primary 

analysis: no significant difference between study groups. Other possibilities would have been 

the use of a weighted outcome measure like the Weighted Adverse Outcome Score 
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(WAOS),37,38,45 or something similar to the near-miss approach of the WHO.46-48 Another 

approach could have been to look at the number, or severity, of critical incidents in which 

suboptimal teamwork and/or communication played a roll. The use of a stepped-wedge design 

could also contribute as it requires smaller sample sizes. A third limitation of the study design 

is the difference in baseline characteristics at patient level per hospital, which was probably 

caused by the randomisation on cluster level. However, we accounted for this by including the 

pre-intervention outcome rate as a covariate in our analysis. By doing so, the pre-intervention 

risk on outcome measures, that is influenced by baseline characteristics, was taken into account 

while calculating the effect estimate. A fourth limitation is that all obstetric units were allowed 

to continue individual skills training programmes; yet team training was not allowed during the 

study period. As information on these training programmes was not collected, we were not able 

to assess its impact. Finally, a limitation is the decay of skills during the follow-up period of one 

year. To explore the effects of time, we performed a post-hoc analysis (described in chapter 8) 

that indeed demonstrated a decay of the effect on patient outcome after three months. 

In chapter 4 we discussed several items regarding the design of the intervention that 

could have been of importance. Among these, there are the lack of repetitive practice, off-site 

training location, the focus on CRM, and the used mannequins. However, these arguments are 

not comprehensive, and this will be further discussed in relation to chapter 6. 

The last hypothesis - the intervention will never improve patient outcome – is not logic 

to assume, since we found a positive effect on teamwork performance in practice, including 

communication. In conclusion, we advise to consider in future research not to use an ICC if the 

randomisation and inference are at the same level. In this way, the sample size will not be altered 

and single outcome measures could be used.  

 

What is the current evidence on effectiveness of simulation-based obstetric team training 

courses? 

In view of the growing body of evidence regarding simulation-based obstetric team training, we 

performed a Cochrane review, as described in chapter 5. In this Cochrane review we evaluate 

the effectiveness of simulation-based obstetric team training on patient outcome, performance 

of the obstetric team in practice and educational settings, and trainees’ experience. Two 

comparisons were made: simulation-based obstetric team training versus no training, and 

versus other type of training. Only randomised (including cluster-randomised) studies were 

included. The search resulted in the inclusion of seven studies, of which two studies were 

suitable to pool data.33,35 The meta-analyses compared simulation-based obstetric team training 

versus no training for the outcome measures neonatal mortality and eclampsia. This showed a 
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trend towards lower neonatal mortality and eclampsia after simulation-based obstetric team 

training. The clinical heterogeneity of the other outcomes measures in these two trials was too 

high to pool data. We concluded that, based on evidence from randomised studies, simulation-

based obstetric team training can be used to improve team performance in practice and might 

contribute to improvement of maternal and perinatal outcome. It seems to be more effective to 

use simulation-based obstetric team training, rather than didactics, to improve team 

performance (tested in educational settings). Compared to didactics, it is unclear whether 

simulation-based obstetric team training leads to improvement of patient outcome or trainees' 

experience, due to a limited amount of (low quality of evidence) studies .  

Concerning the effectiveness of simulation-based (obstetric) team training, we identified 

four previously published reviews.49-51 Overall, these systematic reviews demonstrate 

comparable results: positive effects on knowledge, skills and behaviour in practice and positive 

but less pronounced effects on patient outcome.  

An important limitation in our review is the number, and the varying quality of evidence, 

of the included studies. Besides, most included studies had a substantial clinical and 

methodological heterogeneity which made pooling of data inappropriate. Another limitation is 

that results cannot be extrapolated to countries with low-income economies, since the included 

studies were performed in middle- and high-income countries (Mexico, the Netherlands, United 

Kingdom and United States). At last, we would like to emphasise that the effect of educational 

interventions is related to the follow-up period at time of evaluation, since acquired knowledge 

and skills will decay over time. Evidence of decline of skills or positive patient outcomes differ 

between three months and one year.52,53  

Nowadays, research in medical education is focused on optimalisation of training 

courses in order to achieve the highest possible effect. However, regarding the limited effect 

found on patient outcome while comparing simulation-based obstetric team training with no 

training, the comparison with other types of simulation-based training is expected to be 

challenging. Considering different outcome measures - e.g. substandard care indicators, near 

misses, weighted outcomes - with higher incidence rates, can be supportive. In the meantime, 

one should be aware that applying a suboptimal training design could possibly result in a limited 

learning effect, and this might not balance with the invested effort, time, and expenditures as 

indicated by our research group in a recent publication.54 
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Training design – putting current evidence into practice 

Which instructional design features are needed to design an effective simulation-based team 

training? 

For the design of an optimal simulation-based obstetric team training, there is no such thing as 

‘one-size-fits-all’ principle. Most training courses are developed based on expert opinion, while 

guidelines do exist. In chapter 6 we used the available guidelines to develop the ID-SIM: a tool to 

evaluate the quality of the instructional design of simulation-based team training courses.8 This 

tool can be used for the assessment of existing team training courses, but also for the design 

of new ones. ID-SIM stands for ‘Instructional Design of Simulation Improved by Monitoring’. This 

tool is based on the 10 instructional design features by Issenberg et al., of which five correspond 

to the theory of deliberate practice. It is available as a mobile application, and consists of an 

evidence-based questionnaire of which the results are directly visualised in a propeller chart. 

The validation process revealed that the ID-SIM is a valid, reliable and useful assessment tool. 

The tool provides a standardisation for the assessment of simulation-based team training 

courses. In addition, it provides a framework for less-experienced individuals during the 

development of a simulation-based team training.  

Limitations of the applied research design in chapter 6 should be considered. First of all, 

we used standardised training course descriptions with an instructional design varying from 

poor to excellent. The variability in design quality might have influenced the magnitude of the 

intraclass correlation coefficient (ICC). However, the use of these training courses rules out 

inferences of possible publication bias and examines the use of the ID-SIM for all quality levels. 

Future research goals include the use of the ID-SIM across ‘real’ team training courses. Second, 

common method bias might have influenced by the obtained ratings. Although the raters were 

not involved with the development of the ID-SIM, common rater effects (e.g., the tendency to 

maintain consistent in their responses, social desirability) cannot be ruled out. Both limitations 

are important to keep in mind when interpreting our results. However, the performed 

generalisability theory analysis provides more information about the different variance 

components that attribute to the total measurement error. 

In order to demonstrate the added value of the ID-SIM, we assessed the simulation-

based team training from the TOSTI trial. As mentioned before, a lack of an effect on the 

composite adverse outcome could be partly based on the design of the intervention itself. In 

Figure 1 the propeller chart corresponding to the TOSTI training course is depicted. From this 

propeller chart one can conclude that the strengths of this training courses lies in the items of 

feedback, simulator validity, controlled environment, and clinical variation. There certainly 

seems to be room for improvement in the areas of repetition, curriculum integration, learning 
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strategies, and individualised learning. We hypothesise that improvement of these items would 

lead to a larger learning effect. However, the predictive value of the ‘ID-SIM overall rating’ for the 

effectiveness of team training course still needs to be established. External validation and linking 

its predictive value to cost-effectiveness will be subjects for future research.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. A visual overview of the quality of the instructional design of the simulation-based obstetric team 

training applied in the TOSTI study. 

 

How to apply the instructional design feature ‘repetition’ in simulation-based obstetric team 

training to achieve effective learning? 

Repetition is one of the identified important instructional design features that was an important 

weakness of the training course used in the TOSTI trial. In chapter 7 and chapter 8 we described 

two studies that relate to the implementation of this design feature. In chapter 7 we 

demonstrated that a simulation-based obstetric team training with more repetitive elements is 

rated lower by obstetric health care professionals. However, differences in scores are very small 

(8.8 (SD 0.6) versus 8.7 (SD 0.6) for the best practice group and the repetitive practice group, 

respectively). The question is whether the difference will impact motivation of trainees, as 

without motivation trainees will never reach a level of expertise based on the theory of deliberate 

practice. Yet, repetition is also a necessity for deliberate practice. Both aspects should be 
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balanced within a training course, in order to achieve optimal training outcomes. We assumed 

that the difference in training evaluation found in chapter 7 was so small, that motivation was 

probably not altered significantly. However, the used questionnaire was not validated. 

Furthermore, as this study was part of the TOSTI trial, the sample size was based on the primary 

outcome (obstetric complications), rather than trainees’ rating of the training course. 

In chapter 8 we assessed the decline of the effect on patient outcome in the TOSTI trial 

over time.52 We performed a post-hoc analysis and divided the follow-up period of one year in 

four quartiles. The results show no significant differences for the composite outcome in the 

intervention and control group over all four quarters. However, for trauma due to shoulder 

dystocia we identified a significant positive effect that was restricted to the first quarter after 

team training; and a similar effect was seen for invasive treatment for postpartum haemorrhage. 

Based on these findings, repetition of training every three months seems to be justified. This 

repetition of training, also referred to as distributed learning, is based on educational theories 

like deliberate practice.9 This is further supported by literature on repetitive practice. For example 

the systematic review by Cook et al., that indicated that the distribution of learning activities over 

more than one day were consistently associated with larger effect sizes.55 Bluestone et al. 

reported in an integrative literature review repetitive interventions, rather than single 

interventions, were shown to be superior for psychomotor, communication or critical thinking 

skills.56 Repetitive practice is also identified as an important instructional design feature that 

contributes to achieve an effective educational intervention.  

 

Future perspectives – team behaviour and simulation-based obstetric team training 

Ideally, this thesis will contribute to a future in which health care professionals work together in 

fully communicative care teams, in which errors related to teamwork or communication are 

eliminated. Healthcare and research will be focusing on the ultimate goal: to get patient safety 

at the highest level. Training with simulation techniques will be embedded in clinical care, and 

new simulation techniques will evolve to support safe patient care.  

To realise this future vision, research should focus on the following questions: what can 

we learn from earlier successes and failures of implementation of training courses? And how 

can we guarantee that these important interventions are not restricted to high-income countries, 

but are also effectively used in middle- and low-income countries? The added value of the 

separate instructional design features should be further examined, and different outcome 

measures for patient outcome should be considered. In the meantime we should not wait with 

a widespread implementation of simulation-based obstetric team training. For the design of 

these courses we recommend to use the ID-SIM. We recommend to repeat training interventions 
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every three months. Besides, scenarios should be repeated in such a way that trainees 

motivation will not be altered by a loss of interest. Training can be provided in a medical 

simulation centre, but other studies also describe the benefits of on-site training, for example 

the development of new ideas for organisational changes, and lower costs.54,57 

To get patient safety at the highest level, more is needed than a good implementation of 

effective simulation-based obstetric team training courses. Amongst other, explorative research 

on health care system failures, and how to create successful and highly reliable organisations 

is required. Besides, new or other simulation-based technologies should also be considered to 

use. Existing simulation technologies that are not used in the current thesis, but definitely 

contribute to learning, include virtual reality and serious gaming. In addition, new developments 

outside medical education, might inspire us for technological innovation in education. At last, 

we need to enlarge our knowledge of team processes and their behaviour, in which thorough 

observation of behaviour is of paramount importance. Video recordings of real-time patient care 

could be supportive. From these observations, we need to learn and create new hypotheses, 

that could be tested in simulated environments. A first initiative is described below. 

 

Does simulation-based obstetric team training changes the walking behaviour of team members? 

This research question was a first initiative to further explore team behaviours. In chapter 2 we 

encountered the limited available assessment tools for teamwork performance of obstetric care 

teams. This might be related to a lack of a deeper understanding of teamwork behaviours. In 

chapter 9 we explored the movement patterns of gynaecologists and other team members 

before and after they received simulation-based obstetric team training. The underlying 

hypothesis is that good leaders will move significantly less than the other team members, so 

that they can maintain a helicopter view and do not get distracted by other tasks. Before the first 

debriefing, we found that the time gynaecologists spent on walking was comparable to the rest 

of the group. After two more scenarios, the gynaecologists moved significantly less than the 

other team members. A limitation of this pilot study is that we used two different clinical 

scenarios, which could have influenced our results. Further research needs to correlate our 

findings with the quality of leadership and team performance. These efforts could eventually 

result in clear instructions during training and new possibilities for assessment.  
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English Summary 

In this chapter we will summarise the findings of the research performed in this thesis. 

Simulation-based obstetric team training courses are recommended to use in order to reduce 

the number of errors due to suboptimal communication and teamwork skills.1 Since a lack of 

these skills can danger the safety of our patients, it is important to ensure that the applied 

interventions actually work. Training evaluation is therefore required, hence we focused on the 

evaluation of the effectiveness of technology-enhanced obstetric team training. During this 

process, the importance of a robust instructional design in the pursuit of effective learning 

became evident. Consequently, the second part of this thesis focused on the application of an 

effective instructional design for simulation-based obstetric team training courses. At last, we 

want to share some insights in possible future work related to training of obstetric care teams.  

Training evaluation – what we can learn from comparisons in the past 

Objective training evaluation should be supported by reliable and valid methods for assessment. 

In chapter 2, we performed a systematic search and review to identify the best assessment tool 

to evaluate obstetric teamwork performance in simulated settings.2 Six tools were identified, 

and critically appraised using the Accreditation Council for Graduate Medical Education 

guidelines and the Oxford Centre for Evidence Based Medicine levels of evidence.3 Based on this 

appraisal, we concluded that the Clinical Teamwork Scale had the best psychometric 

properties.4 Furthermore, the Teamwork Measurement Tool is also a promising tool, but the 

validation was not yet sufficient.5 Although these are the best available tools, the advice is to 

use them provisionally as a component of the program’s evaluation process, since the quality 

of evidence is still quite limited.  

In chapter 3 we used the Clinical Teamwork Scale to evaluate the effectiveness of a one-

day, simulation-based obstetric team training course, that was provided in a simulation centre.6 

This study was part of the TOSTI trial: a multicentre, cluster-randomised controlled trial with 24 

Dutch obstetric units.7 The assessment of teamwork performance at six to eight months after 

the intervention, revealed a significantly higher score on the Clinical Teamwork Scale in the 

intervention group, compared to the group that received no training. In addition, predefined 

obstetric procedures for the management of two clinical scenarios were also used significantly 

more frequent in the training group, as compared to the control group. 

After completing the evaluation on Kirkpatrick level three in chapter 3, we evaluated in 

chapter 4 the intervention of the TOSTI trial at Kirkpatrick level four: patient outcome. Our cluster-

randomised controlled trial showed that the intervention was not able to reduce a composite 
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outcome of obstetric complications, with a follow-up period of one year.8 Yet, a two-fold 

reduction in neonatal trauma due to shoulder dystocia was identified. In addition, a two-fold 

increase of invasive treatment for postpartum haemorrhage, including blood transfusion (>4 

packed cells), embolisation or hysterectomy was found. The other components of the 

composite outcome measure, and the secondary outcomes did not significantly differ between 

study groups.  

The studies described in chapter 3 and chapter 4 were then compared with the 

contemporary literature on simulation-based obstetric team training. This was done in a 

Cochrane review that was described in chapter 5. In this review two comparisons were made: 

simulation-based obstetric team training versus no training, and versus other type of training. 

The search resulted in the inclusion of seven (cluster-) randomised studies, of which two studies 

were suitable to pool data concerning two outcome measures. These analyses showed a trend 

towards lower neonatal mortality and eclampsia after simulation-based obstetric team training. 

We concluded that simulation-based obstetric team training can be used to improve team 

performance in practice, and that it might contribute to improvement of maternal and perinatal 

outcome. It seems to be more effective to use simulation-based obstetric team training, rather 

than didactics, to improve team performance (tested in educational settings). Compared to 

didactics, it is unclear whether simulation-based obstetric team training leads to improvement 

of patient outcome or trainees' experience, due to a limited amount of studies with a low quality 

of evidence.  

Training design – putting current evidence in practice 

During the process of training evaluation, the importance of a robust instructional design in the 

pursuit of effective learning became more and more evident. In chapter 6 we used available 

reviews and guidelines to develop a tool for the evaluation of the instructional design of 

simulation-based team training courses: the ID-SIM.9 This tool can be used for the assessment 

of existing team training courses, but also for the design of new ones. It is based on the 10 

instructional design features defined by Issenberg et al., of which five correspond to the theory 

of deliberate practice.10-12 The ID-SIM is accessible as a mobile application, and contains a 

questionnaire of which the results are directly visualised in a propeller chart. The validation 

process revealed that the ID-SIM is a valid, reliable and useful assessment tool.  

One of instructional design features that was poorly applied in the TOSTI trial was 

repetitive practice. Repetition is considered as a corner stone of effective learning in many  

educational theories, e.g. in deliberate practice. In order to advance our knowledge on how to 

implement repetitive practice in simulation-based obstetric team training courses, we studied 
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the effect on trainees’ satisfaction of repeating clinical scenarios in chapter 7. We demonstrated 

that a simulation-based obstetric team training session with more repetitive elements is 

significantly rated lower by obstetric health care professionals. However, differences in scores 

were very small (8.8 versus 8.7, for the best practice and repetitive group respectively). We 

assumed that the difference in training evaluation found in this study was so small, that 

repetition can be integrated in training programs, without altering trainees’ motivation 

significantly.  

Repetitive practice also includes repetition of training over time, also referred to as 

‘distributed learning’. In order to investigate repetition training frequency, we assessed the 

decline of the effect on patient outcome in the TOSTI trial over time in chapter 8.13 A post-hoc 

analysis was performed in which the follow-up period of one year was divided into quartiles. For 

the composite outcome, we found no significant differences in the intervention and control 

group over all quarters. Yet, for trauma due to shoulder dystocia, we identified a significant 

positive effect in the first quarter after team training. Also for postpartum haemorrhage, a similar 

effect was seen in the first quarter. Based on these findings, repetition of training every three 

months seems to be justified.  

Future perspectives – team behaviour and simulation-based obstetric team training 

Ideally, this thesis will contribute to a future with fully communicative care teams, in which errors 

related to communication and teamwork are eliminated. To realise this future, we need to refine 

our knowledge of team behaviour amongst other topics. In chapter 9 we explored a new aspect 

of team behaviour: the movement patterns of gynaecologists and other team members both 

before and after they received simulation-based obstetric team training. The hypothesis is that 

good leaders will move significantly less than the other team members, so that they can 

maintain a helicopter view and do not get distracted by other tasks. Before the first briefing, we 

found that the time gynaecologists spent on walking was comparable to the rest of the group. 

After two additional scenarios, the gynaecologists moved significantly less than the other team 

members. Further research needs to correlate our findings with the quality of leadership and 

team performance. These efforts could eventually result in clear instructions during training and 

in new possibilities for leadership assessment.  

Conclusion 

Based on this thesis, we recommend to use simulation-based obstetric team training for the 

improvement of patient safety. The ID-SIM can be used to select or design  effective simulation-

based team training courses. Ideally, training should be repeated every three months. In addition, 

repetition of scenarios should be applied in such a way that the motivation of trainees will not 
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be altered by a loss of interest. Our results show that implementation of simulation-based team 

training courses contributes to improvement of team performance and the use of essential 

medical technical skills. At Kirkpatrick level four, i.e. patient outcome, also an improvement is 

expected, especially for trauma due to shoulder dystocia and probably also for neonatal 

mortality.  

This thesis provides a framework for the development of effective simulation-based 

obstetric team training courses. Our future work will focus on training course design, 

understanding of team behaviour, development of highly reliable health care systems, and 

innovation of educational technologies.  
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In dit hoofdstuk worden de bevindingen van het proefschrift samengevat. Simulatie-gebaseerde 

obstetrische team trainingen worden aanbevolen om het aantal medische fouten gerelateerd 

aan communicatie en teamwork te verlagen. Aangezien gebrekkige communicatie en/of 

teamwork kan leiden tot gevaarlijke situaties voor onze patiënten, moeten we zeker weten dat 

de interventies om deze vaardigheden te verbeteren daadwerkelijk effectief zijn. In het eerste 

deel van het proefschrift hebben we ons daarom bezig gehouden met de evaluatie van simulatie-

gebaseerde team trainingen. Gaandeweg werd het steeds duidelijker dat de opzet van de 

training, ook wel ‘instructional design’ genoemd, een belangrijke voorspeller voor de effectiviteit 

van de training is. In het tweede deel van het proefschrift hebben we ons daarom verdiept in het 

ontwerpen van effectieve trainingen. We eindigen met een hoofdstuk waarin we toekomstig 

onderzoek presenteren, gerelateerd aan het (loop)gedrag van teams. 

Training evaluatie – wat vergelijkingen in het verleden ons hebben gebracht 

Een objectieve evaluatie van trainingen moet gebaseerd worden op betrouwbare en valide 

evaluatiemethodes. In hoofdstuk 2 hebben we een systematische review uitgevoerd om het 

beste meetinstrument te vinden voor het beoordelen van teamwork tijdens simulatie-

gebaseerde obstetrische team trainingen. Zes geschikte meetinstrumenten werden gevonden. 

Voor een kritisch beoordeling van deze meetinstrumenten hebben we gebruik gemaakt van twee 

richtlijnen: de richtlijn van de Accreditation Council for Graduate Medical Education, en de Oxford 

Centre for Evidence Based Medicine niveaus van bewijsvoering. We concludeerden dat de 

Clinical Teamwork Scale de beste psychometrische kenmerken had. Daarnaast was de 

Teamwork Measurement Tool ook een veelbelovend instrument, maar het validatieproces was 

nog niet toereikend. Alhoewel deze twee meetinstrumenten de beste waren die we hebben 

gevonden, was de kwaliteit en uitgebreidheid van hun validatie nog niet optimaal. We adviseren 

daarom om ze voorlopig enkel als een onderdeel van training evaluatie te gebruiken.  

In hoofdstuk 3 hebben we de Clinical Teamwork Scale gebruikt om de effectiviteit van 

een ééndaagse, simulatie-gebaseerde team training voor obstetrische spoedsituaties te 

evalueren. De trainingen werden gegeven in een centrum voor medische simulatie-trainingen. 

Dit artikel is onderdeel van de TOSTI-studie: een multicenter, cluster-gerandomiseerde en 

gecontroleerde studie waarin 24 Nederlandse obstetrische afdelingen hebben deelgenomen. De 

helft van de afdelingen (12) namen deel aan een training, de andere helft (12) ontving geen 

training. Zes tot acht maanden na de interventie werden alle afdelingen beoordeeld op teamwork 

en het gebruik van belangrijke medisch-technische vaardigheden. Dit werd gedaan door het 

uitvoeren van twee onaangekondigde gesimuleerde scenario’s op hun eigen verloskamers. 
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Hieruit kwam naar voren dat de obstetrische teams van de interventiegroep een significante 

hogere score behaalden op de Clinical Teamwork Scale, in vergelijking met de obstetrische 

teams die geen training hadden gekregen. Daarnaast bleek ook dat belangrijke medisch- 

technische vaardigheden significant vaker werden gebruikt in de groep die de training had 

gehad, in vergelijking met de niet getrainde groep.  

Na de evaluatie van de TOSTI-training met behulp van de Clinical Teamwork Scale, 

hebben we in hoofdstuk 4 de training geëvalueerd op Kirkpatrick niveau 4: de uitkomst van de 

patiënt (tot één jaar na de training). In de TOSTI-studie bleek dat de interventie niet in staat was 

om de gekozen gecombineerde uitkomstmaat van obstetrische complicaties te veranderen. We 

vonden echter wel een tweevoudige verlaging van het aantal schade na schouderdystocie, en 

een tweevoudige toename van het gebruik van invasieve behandelmethodes van een fluxus post 

partum (waaronder bloedtransfusie met meer dan vier packed cells, embolisatie of 

hysterectomie). De andere onderdelen van de gecombineerde uitkomstmaat, en de secundaire 

uitkomstmaten (maternale en perinatale sterfte) verschilden niet tussen beide 

onderzoeksgroepen.  

De studies beschreven in hoofdstuk 3 en hoofdstuk 4 werden vervolgens geïncludeerd 

in een systematische review naar het effect van simulatie-gebaseerde obstetrische team 

trainingen. We hebben hiervoor een zogenaamde ‘Cochrane review’ uitgevoerd, welke 

beschreven is in hoofdstuk 5. In deze review hebben we gekeken naar het effect van simulatie-

gebaseerde obstetrische team trainingen in vergelijking met: 1) geen training, en 2) een andere 

vorm van training. Zeven geschikte (cluster-) gerandomiseerde studies konden worden 

geïncludeerd. Van deze zeven studies, waren twee studies geschikt voor het samenvoegen van 

de data om een meta-analyse te verrichten. Deze analyse toonde aan dat er een trend was 

richting een lagere neonatale sterfte en eclampsie na training, in vergelijking met de groep die 

geen training ontving. We concludeerden dat simulatie-gebaseerde obstetrische team 

trainingen gebruikt kunnen worden om het functioneren van het team in de praktijk te verbeteren, 

en dat het mogelijk bijdraagt aan een verbetering van de uitkomst van onze patiënten. Voor de 

verbetering van het functioneren van de obstetrische teams (in educatieve settings) lijkt het 

effectiever te zijn om simulatie-gebaseerde team trainingen te gebruiken, vergeleken met 

didactische trainingen. Doordat er een gebrek aan wetenschappelijk bewijs is, weten we niet of 

simulatie-gebaseerde obstetrische team training, in vergelijking met didactische methodes, leidt 

tot een verbetering van de uitkomst van de patiënt of de ervaring van de deelnemers met de 

gegeven training.  
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Training ontwikkeling – implementeren van wetenschappelijk bewijs in de praktijk 

Tijdens het evalueren van simulatie-gebaseerde team trainingen werd steeds duidelijker dat een 

goed doordachte opzet van de training van essentieel belang is voor de effectiviteit van de 

training. In hoofdstuk 6 hebben we gebruik gemaakt van verschillende reviews en richtlijnen voor 

het ontwikkelen van een instrument om de opzet van een training betrouwbaar te kunnen 

evalueren: de ID-SIM. Dit instrument kan gebruikt worden om bestaande team trainingen te 

evalueren, maar kan ook helpen bij het opzetten van een nieuwe training. Het is gebaseerd op 

10 items die gerelateerd worden aan effectieve simulatie-trainingen. Deze items zijn 

geïdentificeerd in een review door Issenberg et al., en vijf van deze items komen overeen met de 

theorie van ‘deliberate practice’ (vrijvertaald: ‘doelbewuste oefening”). De ID-SIM is beschikbaar 

als een mobiele applicatie, en bevat een vragenlijst waarvan de antwoorden rechtstreeks 

omgezet worden in een propeller diagram. Het uitgevoerde validatieproces liet zien dat de ID-

SIM een valide, betrouwbaar en bruikbaar instrument is.  

Als we de opzet van de TOSTI-training evalueren met de ID-SIM, blijkt dat het item 

‘herhaling’ niet goed geïmplementeerd was. Om meer te weten te komen over hoe herhaling 

goed geïmplementeerd zou moeten worden binnen simulatie-gebaseerde team trainingen, 

hebben we gekeken naar de tevredenheid van deelnemers van twee verschillende trainingen. De 

eerste studiegroep was de interventiegroep van de TOSTI-studie. Zij kregen de training 

beschreven in hoofdstuk 3 en 4, waarin geen herhaling van scenario’s plaatsvond. De tweede 

groep was de controlegroep van de TOSTI-studie, die na afronding van de effectmeting, een 

soortgelijke training ontvingen. Ten opzichte van de eerste interventie, werden in de laatste 

training scenario’s meerdere malen herhaald. In hoofdstuk 7 beschrijven we het effect van het 

herhalen van deze scenario’s op de tevredenheid van de deelnemers met de training: de training 

met herhaling van scenario’s werd significant lager beoordeeld in vergelijking met de training 

waarin de scenario’s niet herhaald werden. Het absolute verschil in score was echter klein (8,7 

versus 8,8 (op een schaal van 1 tot 10), voor respectievelijk de herhalingsgroep en de groep 

waarin de scenario’s niet herhaald werden). Aangezien het absolute verschil zo klein was, en de 

score nog steeds hoog was, veronderstellen we dat herhaling van scenario’s, zoals geïntegreerd 

in onze training, de motivatie van de deelnemers niet essentieel zal veranderen.  

Het item ‘herhaling’ houdt ook in dat trainingen na verloop van tijd herhaald worden. In 

hoofdstuk 8 hebben we onderzocht wat een goed interval zou kunnen zijn tussen twee 

trainingen. Dit hebben we gedaan door te kijken naar de verandering van de uitkomst van de 

patiënt tijdens vier kwartalen na de TOSTI-training. Een post-hoc analyse werd hiervoor verricht. 

Voor de gecombineerde uitkomstmaat vonden we geen verschil tussen de interventie- en 
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controlegroep over alle vier de kwartalen. We vonden echter wel een significant effect in het 

eerste kwartaal voor schade na schouderdystocie. Eenzelfde positief effect werd gevonden voor 

fluxus post partum. Op basis van deze bevindingen, adviseren we om trainingen na drie 

maanden te herhalen.  

Toekomstperspectieven – onderzoek en het gebruik van simulatie-gebaseerde obstetrische 

team trainingen  

Dit proefschrift draagt bij aan een toekomst met een optimale communicatie en teamwork van 

obstetrische teams. Om dit daadwerkelijk te realiseren, zullen we onze kennis onder andere over 

het gedrag van teams nog verder moeten uitbreiden. In hoofdstuk 9 hebben we gekeken naar 

objectiveerbaar gedrag van teamleden. Onze hypothese is dat (goede) leiders minder lopen dan 

andere teamleden, zodat zij een goed overzicht van de situatie behouden en niet afgeleid worden 

door het verrichten van andere taken. We hebben twee scenario’s van een simulatie-training 

gebruikt om de tijd dat gynaecologen en andere teamleden lopen te vergelijken. Van de twee 

scenario’s was één scenario aan het begin van de trainingsdag, en één aan het einde van de dag 

(nadat zij feedback over communicatie en teamwork hadden ontvangen). In het eerste scenario 

was de tijd dat gynaecologen liepen vergelijkbaar met de rest van de groep. In het latere scenario 

liepen de gynaecologen significant minder dan de andere teamleden. De training had dus 

blijkbaar invloed op de tijd dat gynaecologen liepen ten opzichte van de andere teamleden. In 

toekomstig onderzoek moeten deze bevindingen nog gecorreleerd worden met de kwaliteit van 

leiderschap en het functioneren van het team. Dit zou uiteindelijk kunnen leiden tot duidelijke 

instructies tijdens trainingen en nieuwe mogelijkheden om leiderschap te beoordelen.  
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Conclusie 

Gebaseerd op de bevindingen in dit proefschrift, adviseren we om simulatie-gebaseerde 

obstetrische team trainingen te gebruiken. We hebben in dit proefschrift aangetoond dat 

simulatie-gebaseerde team trainingen bijdragen aan een verbetering van de communicatie en 

teamwork van obstetrische teams en het gebruik van belangrijke medisch technische 

vaardigheden. Na deelname aan een dergelijke training zagen we ook verbetering op het niveau 

van de patiënt, waaronder minder schade na schouderdystocie, meer invasieve behandelingen 

voor fluxus postpartum en een trend naar minder neonatale sterfte en eclampsie. De ID-SIM kan 

gebruikt worden voor het opzetten van simulatie-gebaseerde team trainingen die effectief zijn. 

Een onderdeel van een effectieve training opzet houdt in dat trainingen na drie maanden 

herhaald worden. Het herhalen van scenario’s tijdens een training is ook belangrijk, waarbij we 

ons bewust moeten zijn dat dit de tevredenheid van deelnemers kan beïnvloeden.  

Dit proefschrift biedt houvast voor het ontwikkelen van effectieve simulatie-gebaseerde 

team training binnen de obstetrie. Ons toekomstig werk zal zich richten op het ontwerp van 

effectieve trainingen, begrip van team-gerelateerd gedrag, ontwikkeling van betrouwbare zorg 

systemen en innovatie van educatieve technologieën.  
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(Inter)national conference presentations 

1. Gynaecongres 2016 (Eindhoven, Netherlands) - “Multiprofessionele simulatie-

gebaseerde team training met een educatief model” 

2. ENTOG 2015 (Utrecht, Netherlands) – “Simulation-based team training courses” 

3. Gynaecongres 2014 (Netherlands) – “Een ééndaagse multiprofessionele simulatie-

gebaseerde obstetrische team training voor het verbeteren van de perinatale uitkomst. 

Een multicenter, cluster gerandomiseerde studie (TOSTI-studie)” 

4. ObNeo 2014 (Veldhoven, Netherlands) – “Verslavende spelletjes, zo gek nog niet!” 

5. SimHealth 2013 (Brisbane, Australia)  

a. “The effect of obstetric team training on perinatal and maternal outcome: a 

multicentre randomised controlled trial”   

b. “How to use imagineering to achieve suspension of disbelief?” (workshop) 

6. SESAM 2013 (Paris, France)  

a. “A visual and theoretical model to evaluate and design simulation-based medical 

team training”   

b. “The effect of obstetric team training on perinatal and maternal outcome: a 

multicentre randomised controlled trial”   

c. “How to use imagineering to achieve suspension of disbelief?” (workshop) 

7. Wetenschapsavond 2013 (Veldhoven, Netherlands) - “Medische Simulatie” 

(Wetenschapsprijs gewonnen) 

8. IMSH 2013 (Orlando, USA) - “How to use imagineering to improve your medical 

simulation training: and another things we can learn from theme parks.” (workshop) 

9. ICGO 2012 (Guangzhou, China) - “Medical simulation to improve maternal and neonatal 

medicine.” 

10. Refereeravond 2012 (Veldhoven, Netherlands) - “Medische simulatie” 

11. DSSH 2012 (Utrecht, Netherlands) - “How to increase the effectivity of your simulation 

training: use of the Prop Chart” (workshop) 

12. ObNeo 2012 (Veldhoven, Netherlands) - “Continue begeleiding van vrouwen tijdens de 

baring” 
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a. “Are movements of the team members in obstetric scenarios related to 

instructions about crew resource management?” 

b. “How do participants of multi-professional obstetric teams evaluate deliberate 

practice?” 

5. CSEDU 2012 (Porto, Portugal) - “Development of the prop chart, a new visual model to 

evaluate the effectiveness of training with computerised mannequins” 

6. SESAM 2011 (Granada, Spain) - “Review of available assessment tools for team 

performance in simulated obstetric emergency situations”.   
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Dankwoord 

Promoveren doe je niet alleen. Er zijn mensen die op je pad komen en die samen met je het pad 

vervolgen, andere kruisen voor een korte duur, en weer anderen moedigen je aan vanaf de zijlijn. 

Het was een bewogen tijd en zonder de volgende mensen was dit nooit gelukt. Daarnaast heb 

ik speciale herinneringen aan muziek die ik veel geluisterd heb tijdens het schrijven van dit 

proefschrift, scan de Spotify codes op de hoofdstuk pagina’s en luister mee. 

Allereerst wil ik alle obstetrische zorgverleners van de 24 ziekenhuizen van de TOSTI-studie 

bedanken voor jullie deelname aan de trainingen. Door jullie bereidheid tot verandering en hulp 

met de dataverzameling hebben we een belangrijke bijdrage kunnen leveren aan de wetenshap 

van simulatie-gebaseerde team training binnen de obstetrie.  

Beste Guid, prof. Oei, beste promotor. The man who never sleeps. Bedankt voor je steun en de 

vele kansen die je me gegeven hebt. Ik heb genoten van alle reizen en daarbij behorende 

inspirerende gesprekken over dit onderzoek, wetenschap in zijn algemeen, en ons vak. In de 

afgelopen jaren heb ik je leren kennen als een persoon die naast alles wat hij doet, niet de mens 

en de wereld om zich heen vergeten is. Voor jou lijkt niets onbereikbaar, ideeën zijn onuitputtelijk 

en ik vraag me nog steeds af of alles wat je doet echt mogelijk is binnen 24 uur per dag. Ik denk 

dat je een dromer moet zijn om zoveel ideeën te hebben, en dat dit ook de reden is dat je 

onbeperkt je telefoon, sleutels, paspoort, tas of treinkaartjes kwijt kunt raken. Stelling 11 

refereert naar jou. Als ik het even niet meer zag zitten met het onderzoek, was één telefoontje 

voldoende om weer nieuwe energie te krijgen. Ik hoop de komende jaren nog steeds geïnspireerd 

te mogen worden door jouw energie en ideeën.  

Beste Beatrijs, beste co-promotor, we zijn denk ik heel verschillend, maar we hebben altijd een 

match gehad! Wat heb ik hard gelachen samen met Guid, toen we dachten ons vliegtuig te 

missen en jij opeens de koningin van de sprint bleek te zijn. Je gestructureerde manier van 

werken en doorzettingsvermogen zijn een goed voorbeeld voor mij geweest. Je bent een echte 

aanpakker en alles wat je doet is grondig en gedegen. Als ik een vraag voor jou had, dan wist ik 

zeker aan het einde van het gesprek dat ik een betrouwbaar antwoord had gekregen. Bedankt 

voor je begeleiding, ik heb veel van je geleerd.   

Beste Simone, beste sim, beste co-promotor. Je bent stiekem een coach voor mij geweest zowel 

op de werkvloer als met de laatste loodjes van dit boek. “Ach maak je niet druk, in Heerlen hebben 

ze geeneens een POK”, heb ik vaak om gelachen. Bedankt ook voor je gastvrijheid toen ik nog in 

Amsterdam woonde. Je hebt een onbevooroordeelde bewondering voor de mensen om je heen, 

en ik hoop dat je weet dat die mensen ook juist jou bewonderen voor je intelligentie, kennis, 
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kundigheid en oprechtheid. Je bent een heerlijk mens, en in die laatste weken voor mijn promotie 

was jij precies wat ik nodig had, af een toe een klopje op de schouders “alles goed Fransje”?  

Beste leden van de promotiecommissie, prof.dr. Bambang Oetomo, prof.dr. Scheele, prof.dr. 

Schijven, prof.dr.ir. Feijs en prof.dr. van der Vleuten. Hartelijk dank voor de bereidheid dit 

proefschrift kritisch te beoordelen.  

Beste Ben Willem, bedankt voor je kennis en betrokkenheid bij meerdere van de onderzoeken in 

dit boekje. Deze onderzoeken zijn grotendeels ook door jou mogelijk gemaakt. Je was altijd 

duidelijk en ik bewonder de ongelooflijke bergen werk die je kan verzetten.  

Beste FUN-groep, beste onderzoeksgroep. In het bijzonder Joost, Anne, Franyke, Beatrijs, Sophie, 

Laura en Pieter. En natuurlijk enkele semi-artsen: Liza, Manuela en Dieneke. Samen werken aan 

abstracts, dataverzameling, analyses en artikelen, maar ook vooral samen genieten van uitjes 

over de hele wereld. Beste Joost, ondanks dat ons onderzoek over teamwork gaat, zijn wij op dit 

vlak wel wat uitdagingen tegengekomen. Máár, we zijn er toch gekomen! Veel bewondering heb 

ik voor je eindsprint van je promotie en afsluiting van de opleiding, een goede én gepromoveerde 

gynaecoloog, een prachtig resultaat! Speciale dank voor de gastvrijheid van  Nanette en Guid op 

donderdagavonden.  

Beste Medsim, en in het bijzonder beste Rob, bedankt voor je harde werk binnen Medsim en het 

mogelijk maken van de belangrijkste trainingen die er zijn!  

Lieve Kora, wat heb ik met je gelachen toen we met onze twee simulatiepoppen door het hele 

land reden! Je hebt oog voor de kleine dingen die het leven opleuken en een fantastisch gevoel 

voor humor.  

Beste Ewoud, bedankt voor de hulp met de analyse van de TOSTI-studie. 

Beste Bas, Kaspar, en Lisanne, bedankt voor jullie hulp bij de TOSTI-studie en/of het ontwikkelen 

van de ID-SIM. 

Dear Roxane, thank you for your inspiration and help with the development of the ID-SIM.  

Beste Gynaecologen van het Máxima Medisch Centrum en Maastricht Universitair Medisch 

Centrum. Wat fijn om deel te mogen maken van jullie groep van gedreven specialisten. Jullie zijn 

allemaal anders en dragen op jullie eigen manier bij aan de vorming van een club nieuwe 

gynaecologen. Jullie zijn in staat een veilige plek te creëren, waarin collegialiteit en geloof in 

elkaar centraal staan. Een belangrijk ding hebben we allemaal gemeen: de liefde voor ons vak 

en onze patiënten. Bedankt voor jullie motiverende woorden in de afgelopen jaren.  
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Lieve AIOS van cluster Maastricht, fijne colli’s in Veldhoven en Maastricht. In het bijzonder enkele 

maatjes: Patty, Kim, Marion, Karlijn, Anne-Lotte, Lauren, Lotte, Malou, Suzanne, Dorien, Julia en 

Julia, Desiree, Anne, Rogier, Rob, Silke, Laura, Loes en Pim. Maar eigenlijk álle AIOS van ons 

cluster en ANIOS van Veldhoven, wat hebben we een geluk met onze leuke groep! Bedankt voor 

de gezellige werkuren en uurtjes daar buiten. 

Lieve verloskundigen, verpleegkundigen, kraamverzorgsters, poli-medewerkers en secretaresses 

van het MMC en MUMC+. Jullie maken het werk op de werkvloer heel erg fijn!  

Beste opleiders, beste prof.dr. Bongers, dr. Maas, dr. Geomini, prof.dr. Kruitwagen en dr. van 

Gorp. Jullie dragen allen op jullie eigen manier bij aan de afgelopen jaren. Sommigen door goede 

gesprekken, anderen door laagdrempelig een vraag “hoe is het?”, weer een ander door het helpen 

van grenzen te bewaken en allen door een voorbeeld te zijn op de werkvloer. Bedankt voor jullie 

begeleiding en steun. 

Beste mentoren, beste Joggem en Janneke. Bedankt voor jullie steun vanuit de zijlijn in mijn 

opleiding tot gynaecoloog en dit promotietraject. Ik ben niet iemand die wekelijks op de deur 

klopt, maar op het moment dat het er toe deed, was jullie aanwezigheid precies goed voor mij. 

Lieve paranimfen, lieve Dymphie en Julia. Lieve Dymf, 27 jaar geleden is onze vriendschap 

ontstaan, we waren toen twee kleine meisjes in dezelfde kleding (per ongeluk gekocht door onze 

moeders). Samen spelen, samen lunchen in de middagpauze, op stap, eerste vriendjes, 

vakanties, nog meer op stap, allebei een eigen studiestad, vaste relaties en nu allebei een 

dochtertje. Je kent me door en door en er is geen life-event dat we niet van elkaar hebben mee 

gemaakt. Het betekent daarom heel veel voor me, dat ook nu weer, jij aan mijn zijde staat. Lieve 

Juul, ik vond het een hele eer om jouw paranimf te mogen zijn en andersom jou als paranimf te 

mogen vragen. Bedankt voor je fijne vriendschap, opbeurende telefoontjes, danspasjes tot in de 

vroege ochtend en het soms openen van mijn ogen. Jouw Pippi Langkous mentaliteit en kunst 

om te genieten van het leven, vind ik heerlijk om mee te mogen maken.    

Lieve vriendinnen van thuis, lieve ‘Old gang’, lieve Dymf, Jans, Bou en Ief. Bedankt voor alle fijne 

momenten samen en goede herinneringen. In de afgelopen jaren waren we soms dichtbij elkaar 

en soms iets verder weg, maar jullie zijn altijd in mijn hoofd en hart. Ik hoop dat we nog vele jaren 

van elkaars vriendschap mogen genieten!   

Lieve lichting, Lieve Marieke, Joyce, Juul, Loes, Hedwig, Lien en jullie mannen. We begonnen ooit 

als jonge bijtjes, en nu 12,5 jaar later hebben we een hele fijne vriendschap. We hebben allemaal 

ons eigen leven, maar als we samen zijn is het altijd feest! Ons tripje was top afgelopen jaar en 

ik hoop dat we deze vakantietjes vaak samen blijven doen. 
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Lieve schoonfamilie, bedankt voor jullie begrip tijdens drukke periodes. Lekker samen borrelen, 

een hapje eten en een goed gesprek, het voelt als thuiskomen. Bedankt voor de interesse in wat 

ik doe en het er zijn voor Vincent en Nora als ik moest werken.  

Lieve Patty, mijn opleidingsmaatje. Eigenlijk veel meer dan dat, namelijk ook degene die Nora op 

de wereld zette én degene waarvan ik Pelle op de wereld mocht zetten. Ik ben super blij met jou 

als maatje en vind het super fijn dat ik af en toe mijn hart bij jou kan luchten.  

Mijn lieve grote broer, Michiel. Wat ben ik trots om jou als broer te mogen hebben. We zijn heel 

verschillend, maar delen wel een soortgelijke motivatie voor de dingen die we doen. Ook jij hebt 

bijgedragen aan dit boek door je schrijftalent op enkele van mijn artikelen toe te passen. Je bent 

een gevoelig mens met een enorme interesse voor je grote passie: “de natuur”. Lief schoonzusje, 

Paulina, ik ben erg blij dat jij de liefde van mijn grote broer bent. Je nuchterheid, loyaliteit en 

attentheid maken onze familie compleet! En dan jullie kleine oogappel, lief neefje Leon. Wat ben 

je een lief en ondernemend mannetje. Samen met je grote nicht op avontuur, meestal als 

maatjes en soms als vijandjes.  

Lieve Papa en Mama, bedankt voor jullie onvoorwaardelijke steun en ons warme nest. Jullie zijn 

er altijd voor me en hebben mijn leven onbezorgd gemaakt. Jullie hebben me nooit gepusht, 

maar altijd mijn eigen weg laten zoeken. Aan ruimte voor emoties of zondagochtend discussies 

was er nooit een gebrek. Jullie hebben me geleerd wat belangrijk is in het leven en als arts. Lieve 

Papa en Mama, ik hoop dat ik ooit zo een goede ouder voor mijn kinderen wordt, als dat jullie 

altijd voor mij zijn geweest.  

Lieve Vincent en Nora, mijn gezinnetje. Lieve Vin, lieve lief, wat ben ik blij dat wij elkaar ooit al 

dansend zijn tegengekomen. Je optimisme, doorzettingsvermogen en onwijze aanpakkers-

mentaliteit bewonder ik en motiveren mij dagelijks. Je vult ons huis met muziek, vrolijkheid, liefde 

en een beetje rommel. Je hebt mij geleerd te relativeren en jouw creatieve ideeën waren 

meermaals een inspiratie voor mijn praatjes. Jouw steun en positieve energie hebben eraan 

bijgedragen dat dit boek er is. Vanaf nu zal er een leven “na de promotie” zijn, waarin we volop 

kunnen genieten van ons kleine meisje en nog kleinere mannetje op komst! Lieve Nora, wat ben 

je bijzonder. Zo klein en lief, maar zo een grote wil. De dag dat jij geboren werd (getekend op de 

kaft van dit proefschrift) heeft mij tot de rijkste persoon ooit gemaakt. Je bent uitbundig en laat 

ons de wereld door jouw ogen zien. Nu dit boek klaar is, hebben we veel meer tijd om samen 

jouw boekjes te lezen. Nog even wachten lieve kleine meid, dan kun je samen met je kleine 

broertje spelen.  
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Curriculum Vitae 

 

Annemarie Fransen is geboren op 21 juli 1987 in Geleen. Zij 

groeide op in Munstergeleen en behaalde in 2005 haar 

schooldiploma op het gymnasium van  het Trevianum te Sittard, 

waarna zij geneeskunde ging studeren aan de Universiteit van 

Maastricht. Tijdens haar studie ging zij voor een stage naar Italië, 

en later tijdens haar master voor een keuze co-schap naar 

Oeganda. Hier werd haar interesse voor gynaecologie en 

verloskunde gewekt. Het laatste jaar van haar opleiding was zij 

semi-arts op de afdeling gynaecologie en obstetrie in het Máxima Medisch Centrum, waar zij 

een begin maakte aan het huidige promotie-traject. Onder leiding van prof. Oei participeerde zij 

in wetenschappelijk onderzoek over simulatie-gebaseerde team trainingen binnen de obstetrie, 

de TOSTI-studie. Zij ontving de Studentenprijs Wetenschapsbeoefening Universiteit Maastricht 

voor haar onderzoeksstage als semi-arts. Na het behalen van haar artsenexamen in september 

2011, startte ze met werken als arts-assistent niet in opleiding op de afdeling Gynaecologie en 

Obstetrie van het Máxima Medisch Centrum. Naast haar werkzaamheden in de kliniek, ging zij 

verder met het wetenschappelijk onderzoek beschreven in het huidige proefschrift over 

simulatie-gebaseerde team trainingen. In juli 2014 startte zij met de opleiding tot gynaecoloog 

in het cluster Maastricht onder begeleiding van prof.dr. Bongers en dr. Maas in het Máxima 

Medisch Centrum. In 2015 ging zij naar het Maastricht Universitair Medisch Centrum, waar zij 

haar opleiding vervolgde onder begeleiding van prof.dr. Kruitwagen en dr. van Gorp. Begin 2018 

continueerde zij haar opleiding in het Máxima Medisch Centrum in Veldhoven (onder begeleiding 

van dr. Maas en dr. Geomini), tevens rondde zij in deze periode haar proefschrift af.  

In 2013 ontmoette zij haar partner, Vincent Hoftijzer. Samen kregen zij in 2016 hun dochter Nora. 

Nora krijgt begin 2019 een klein broertje erbij.  

 

 

 

 

 


