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1 Summary of publications 

1.1 Abstract  

In healthcare, teamwork is required in many situations, for example when treating a 

critically ill patient in the emergency room. In these situations, the quality of teamwork 

and team members’ non-technical skills are crucial. This doctoral thesis is an 

investigation of training, debriefing and assessment of teamwork in medical ad hoc 

teams. All studies of this thesis aim at improving the process of training and evaluating 

teamwork – through the study of different debriefing approaches (study 1), through the 

validation of measurement instruments (study 2) and through examining teams’ ability 

to monitor their teamwork (study 3). 

The first study compared two debriefing approaches, which can be used to analyse 

and discuss teamwork after simulation-based trainings or real-life emergencies. One 

of the approaches included the use of TeamTAG (Teamwork Techniques Analysis 

Grid), a cognitive aid developed to support the debriefing process. TeamTAG was 

described as a feasible tool by facilitators and ensured that certain learning objectives 

were discussed. No differences in teamwork quality could be found after debriefing 

with versus debriefing without a cognitive aid. 

The second study focused on the assessment of non-technical skills using the Team 

Emergency Assessment Measure, TEAM. This widely used tool was translated into 

German and validated for use by expert and novice raters. The results showed good 

psychometric properties for TEAM for both rater groups and a moderate interrater 

agreement, with a tendency to more lenient ratings from novice raters. Both experts in 

teamwork and emergency medicine as well as novices can therefore serve as raters 

for non-technical skills. 

The third study examined the ability of physicians and nurses to monitor their teams’ 

teamwork. For this, team-monitoring judgements were compared to TEAM ratings by 

external observers and to objective measures. It was shown that TEAM ratings 

correlated significantly with team members’ evaluations of their teamwork but not with 

team leaders’ evaluations. Furthermore, results showed that the quality of teamwork 

was associated with objective measures such as the amount of time until the first 

request for defibrillation. 
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This doctoral thesis extends the possibilities of training and assessing teamwork by 

providing a new cognitive aid, useful for debriefings with clear learning objectives, and 

a German version of the TEAM instrument, which can be used by both novice and 

expert raters. Apart from this, it provides further insights into the connection of teams’ 

monitoring skills of their teamwork with external assessments of teamwork and 

objective performance measures. 
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1.2 Zusammenfassung 

Im Gesundheitswesen ist Teamarbeit häufig erforderlich, zum Beispiel bei der 

Behandlung von schwerverletzten Patient*innen. In solchen Situationen sind die 

Qualität der Teamarbeit und die nicht-technischen Fertigkeiten der Teammitglieder 

zentral. Diese Promotionsarbeit untersucht das Training, die Nachbesprechung 

(„debriefing“) und die Bewertung der Teamarbeit von ad hoc-Teams. Alle Studien im 

Rahmen dieser Arbeit haben zum Ziel, den Trainings- und Evaluationsprozess von 

Teamarbeit zu verbessern – durch die Untersuchung verschiedener Debriefing-

Methoden (Studie 1), die Validierung eines Messinstruments (Studie 2) und die 

Untersuchung der Fähigkeit von Teams, ihre Teamarbeit einzuschätzen (Studie 3). 

In der ersten Studie wurden zwei Debriefing-Methoden verglichen, um Teamarbeit 

nach simulierten oder echten Notfallszenarien zu besprechen. Der erste Ansatz 

beinhaltet die Anwendung des TeamTAG (Teamwork Techniques Analysis Grid), 

eines Leitfadens zur Unterstützung des Debriefingprozesses. TeamTAG wurde von 

den Instruktor*innen als praktikables Hilfsmittel beschrieben und seine Anwendung 

stellte sicher, dass bestimmte Lernziele besprochen wurden. In der Qualität der 

Teamarbeit traten keine Unterschiede auf zwischen den Teams deren Debriefings mit 

bzw. ohne Leitfaden durchgeführt wurden. 

Die zweite Studie fokussierte auf die Bewertung nicht-technischer Fertigkeiten mittels 

des Team Emergency Assessment Measure, TEAM. Dieses weitverbreitete 

Messinstrument wurde übersetzt und validiert zur Anwendung durch Personen mit 

hoher und geringer Expertise im Bereich Notfallmedizin bzw. Simulationstrainings. Es 

zeigten sich gute psychometrische Eigenschaften für beide Anwendergruppen und 

eine moderate Übereinstimmung zwischen den Gruppen, wobei die Anwender*innen 

mit geringer Expertise zu milderen Bewertungen neigten. Demnach können sowohl 

Personen mit hoher als auch mit geringer Expertise zur Bewertung nicht-technischer 

Fertigkeiten mittels TEAM eingesetzt werden. 

In der dritten Studie wurde die Fähigkeit von Ärzt*innen und Pflegekräften untersucht, 

die Qualität der Teamarbeit ihrer Teams einzuschätzen. Dafür wurden ihre 

Einschätzungen mit Beurteilungen von externen Beobachter*innen, die den TEAM 

nutzten, sowie mit objektiven Leistungsindikatoren verglichen. Es zeigte sich, dass die 

Bewertungen mittels TEAM signifikant mit der Einschätzung durch die Teammitglieder 

korrelierten, nicht jedoch mit der Einschätzung durch die Teamleitungen. Darüber 
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hinaus zeigten die Ergebnisse, dass die Qualität der Teamarbeit auch mit objektiven 

Kriterien korreliert, wie mit der Zeit, bis die erste Defibrillation angefordert wurde. 

Diese Promotionsarbeit erweitert die Möglichkeiten, Teamarbeit zu trainieren und zu 

bewerten, durch die Bereitstellung eines Debriefing-Leitfadens, der besonders für 

Debriefings mit klaren Lernzielen nützlich ist, und einer deutschen Version des TEAM, 

welcher von Personen mit hoher als auch niedriger Expertise angewendet werden 

kann. Weiterhin bietet diese Arbeit Einblicke in die Fähigkeit von Teams, ihre 

Teamarbeit einzuschätzen, und darin, wie diese Fähigkeit mit externen Bewertungen 

und mit objektiven Leistungsindikatoren verbunden ist. 
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1.3 Introduction 

In our modern and interconnected world, working in teams has become the norm and 

is almost inevitable in many lines of work. Being a team player is a common 

requirement in job advertisements and most people see themselves as capable of 

working in a team. In emergency medicine or critical care, where it needs a joint effort 

of highly specialised individuals to treat critically ill patients, working in teams is very 

common as well. However, teamwork can also be a source of error and emergency 

medicine is a high-stakes environment where errors can have grave consequences 

[1,2]. Many of these errors are not caused by a lack of clinical knowledge or technical 

skills (TS) but by failures in non-technical skills (NTS), like communications failures 

[3,4], ineffective team coordination [5,6], or a lack of leadership [7,8]. This dissertation 

will take a closer look at how training and debriefing can improve teamwork in medical 

ad hoc teams and how teamwork can be assessed. In this chapter, theoretical 

concepts of teamwork, medical error, simulation-based training, debriefing, and 

measuring and monitoring of teamwork will be introduced and will lead to the main 

research questions. 

1.3.1 Medical error and teamwork 

A team can be defined as a set of at least two individuals assigned to different roles or 

responsibilities, who have a common goal, who work together and make decisions to 

reach this goal, and who depend on each other in this endeavour [9,10]. In emergency 

medicine, highly trained individuals from different specialities form a team for a short 

period of time and need to improvise and coordinate their actions to succeed [11]. 

Because of these specific characteristics, they are referred to as interdisciplinary action 

teams, medical emergency teams or simply ad hoc teams [9,12]. But whereas working 

in teams has been shown to have advantages compared to working alone, for instance 

in reducing diagnostic errors [13], it can also fail, for example when a team leader gives 

unclear orders (’can we give some adrenaline?’) not involving who should do exactly 

what, which increases the chance that no action is taken. 

A medical error is defined as ‘an act of omission or commission in planning or execution 

that contributes or could contribute to an unintended result’ [14, p.42]. If this act does 

lead to patient harm, it is referred to as a preventable adverse event, an ‘unintended 

injury to patients caused by medical management (rather than the underlying condition 
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of the patient) that results in measurable disability, prolonged hospitalization or both’ 

[14, p.40]. 

The prevalence of medical errors gained attention with the seminal report ‘To err is 

human’ from the Institute of Medicine in 1999 [15], which brought together research 

findings about the immense impact of medical error on patient safety. More recent 

studies show that medical error is the third leading cause of death in the USA [2]. In 

Germany, it is estimated that 5-10% of patients in hospitals experience adverse events, 

half of which are considered preventable. Of all patients treated in German hospitals 

0.1% die of preventable causes, which comes to approximately 20,000 per year [16]. 

These events are mostly not caused by a single action on the part of one person, but 

by a system failure, which causes a chain reaction [17].  

The term non-technical skills is widely used in healthcare to describe ‘the cognitive, 

social and personal resource skills that complement technical skills, and contribute to 

safe and efficient task performance’ [1, p.1]. These skills include situation awareness 

(gathering and interpreting information, anticipating possible developments), decision 

making (assessing a situation, generating and selecting a course of action, reviewing 

the results), communication (sending and receiving information, identifying barriers to 

communication), leadership (using assertiveness, planning and prioritising, managing 

workload, maintaining standards), and teamwork/team working (coordination activities, 

exchanging information, supporting each other, solving conflicts) [1]. Teamwork is also 

used as a generic term for the process in which these non-technical skills are applied. 

It ‘describes interactions among team members who combine collective resources to 

resolve task demands’ [18, p.2]. Besides taskwork – the team members’ ‘individual 

interaction with tasks, tools, machines and systems’ [18, p.2], for which technical skills 

are needed – teamwork is a part of the process called team performance [9]. Lastly, 

the term team effectiveness describes the evaluation of a team’s performance based 

on certain criteria [19,20]. 

1.3.2 Simulation-based training 

Considering that failures in NTS represent a threat to patient safety [3,7,21], training 

those skills in team trainings is necessary to improve teamwork. The first trainings 

focusing on NTS were developed based on principles from aviation, where cockpit or 

crew resource management (CRM) trainings were started in the 1980s as a result of 

research into aviation errors and accidents [22,23,24]. Later, whole frameworks were 
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developed for training and assessment of, for example, anaesthesiologists’ [25] and 

surgeons’ [26] non-technical skills. In healthcare, CRM stands for crew or crisis 

resource management and is based on 15 principles, such as ‘anticipate and plan 

ahead’ or ‘communicate effectively’ [27]. CRM aims to prevent critical incidents and – 

in cases where these nevertheless occur – to support the team to use all their 

resources effectively and manage the incident. 

A widely used format to train teamwork is that of simulation-based trainings (SBTs). 

Simulation is ‘a technique […] to replace or amplify real experiences with guided 

experiences, often immersive in nature, that evoke or replicate substantial aspects of 

the real world in a fully interactive fashion’ [28, p.i2]. It can provide a safe training space 

for knowledge and skill acquisition and training. The theoretical background of 

simulation is based on experiential learning, which describes the process of learning 

from concrete experiences through reflecting on them, conceptualising them and 

applying these new insights to the next specific experience [29]. Theoretical 

underpinnings are also provided by the theory of situated learning, where learning is 

seen as a ‘situated’ activity happening in the context of a community of practitioners, 

not as an isolated activity [30,31]. The learning surroundings should therefore reflect 

the environment in which the task will have to be later carried out, as simulation is (to 

a certain degree) able to do. In the most common format for training teamwork, teams 

of healthcare professionals from one or several disciplines participate in certain 

scenarios (treating a patient in the form of a simulated patient or a simulator/manikin) 

in a replicated environment of a simulation centre or directly at their workplace (in situ 

trainings). Many trainings focusing on teamwork are based on the concept of CRM.  

Studies have shown that such SBTs can improve knowledge, skills, behaviours, team 

performance and patient outcome, reduce stress and anxiety among learners and are 

effective when compared to no intervention or to traditional training [32,33,34,35,36]. 

Furthermore, research has provided initial indications that technical performance and 

non-technical performance are connected, at least in stressful situations [37]. 

Team trainings are now widespread in many disciplines of post-graduate education, 

but remain scarce in undergraduate education [38,39], which may be one of the 

reasons why final year medical students and junior doctors feel unprepared for clinical 

practice, especially for emergency care [40,41]. For a long-lasting effect and the 

integration of trained behaviours into clinical practice, however, an early 
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implementation of teamwork trainings in medical education and repetitive practice are 

key components. 

What is also important is that, though good teamwork is clearly linked to effective 

overall team performance [18,42], the exact meaning of “good teamwork” largely 

depends on the situation a healthcare worker occupies and the role that person has 

[8,43]. Especially in emergency and acute care, where things can change rapidly, 

adaptation is a key principle. This means that communication or leadership styles also 

need to be adapted to specific situations [44]. 

1.3.3 Debriefing 

As mentioned before, to use the learning opportunity the simulated encounter provides, 

it should be reflected upon. Therefore, SBTs include a debriefing, a guided reflection 

as part of the experiential learning cycle that ‘helps learners develop and integrate 

insights from direct experience into later action’ [45, p.1010]. Different forms of 

debriefing exist, based on when they take place (post-simulation versus intra-

simulation), whether or not a facilitator is included (facilitator-guided versus learner-

guided) and the framework that is used (e.g. three-phase models like GAS [46] or 

multiphase models like TeamGAINS [47]). Alongside these aspects, adjuncts such as 

debriefing scripts or video review are often used [48]. Very common are frameworks 

including three phases, with the GAS approach as a widely used example. GAS stands 

for gather – participants share their simulation experience and perspective, analyse – 

participants’ actions are analysed and the facilitator uses questions to gain more insight 

and facilitate reflection, and summarise – the final phase dedicated to summarising 

what has been learned [46]. 

Debriefing is considered a crucial part in learning from simulated or real-life events. 

Post-event debriefings, for example, are recommended by different international 

resuscitation guidelines [49,50]. Nevertheless, studies into the various kinds of 

debriefing have not provided clear evidence concerning which debriefing approaches 

or methods provide the best learning – and ultimately patient outcome [48]. One 

possibly helpful tool are debriefing scripts, which can serve as a cognitive aid for the 

facilitator [51] and offer guidance on how to structure debriefings and to determine 

which topics to discuss. In a study of an SBT with novice instructors, participants 

showed a bigger improvement of their knowledge and of team leader behaviour when 

instructors used a debriefing script [52]. To improve undergraduate medical education, 



9 
 

there is a need to know if such findings can be transferred to this area. Study 1 of this 

thesis [53] therefore analyses the effect of using a debriefing script during an SBT for 

undergraduate medical students [54].  

1.3.4 Measuring teamwork quality 

With one of the learning outcomes being a higher quality of teamwork, it is very 

important to measure teamwork quality accurately and reliably. Additionally, observing 

and assessing teamwork is a crucial method for collecting evidence about the 

connection between teamwork and patient outcome and for addressing the question 

of which team behaviours may lead to beneficial outcomes in a specific situation. The 

Team Emergency Assessment Measure (TEAM) is a well-established tool for 

measuring teamwork quality in simulated and real-life emergencies [55,56,57]. To 

make it accessible in German-speaking contexts, it was translated into German in 

study 1, and validated in study 2 of this thesis [53,58]. 

As most studies using the TEAM instrument so far have employed expert raters (i.e. 

physicians/nurses with experience in emergency medicine or researchers with 

experience in medical simulation), it is not yet clear how raters with less experience 

use TEAM compared to experts. Novice raters, however, have the advantage of being 

more easily available, thus enabling a wider and more frequent application of teamwork 

assessment. We therefore compared novice and expert raters using TEAM when 

assessing teamwork in different simulated scenarios in study 2 [58]. 

1.3.5 Monitoring of teamwork 

Good teamwork requires a lot of training – which can happen in SBTs – but also needs 

to be transferred to and continually trained in clinical practice. Facilitator-guided 

debriefings to discuss and improve teamwork can be conducted in “real life” as well, 

but resources are often scarce and trained observers/facilitators are usually not 

present in everyday clinical practice. To recognise when a debriefing or a teamwork 

training is necessary, it would be extremely helpful if healthcare practitioners were able 

to monitor and assess their teamwork in a reliable way. Team-led debriefings would 

then enable teams and their individual members to learn from critical incidents in 

clinical practice and not just from designated simulation trainings. This aspect is also 

included in the concept of team reflexivity, which describes a ‘team’s ability to reflect 

collectively on group objectives, strategies (e.g. decision making), processes (e.g. 

communication), and the outcomes of past and current performance and adapt 
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accordingly’ [59, p.1]. Several frameworks exist to guide teams in this reflective 

debriefing process [60,61]. For these reflections to be helpful, the teams’ monitoring of 

their teamwork must be accurate. This is especially important for team leaders, as it is 

often the job of the physician team leader or the charge nurse to lead this debriefing 

and – before that – to decide whether it is necessary at all [61]. Research indicates 

that individuals are in principle able to self-monitor their current performance, whereas 

it is much harder for them to self-assess their skills across situations in the form of a 

more general self-evaluation [62,63]. Study 3 of this thesis examines team members’ 

and team leaders’ monitoring of their teamwork and analyses whether their monitoring 

judgements relate to external observers’ ratings of their teamwork, so they could be 

used as a basis for team reflection when no facilitator is around to observe and debrief 

their performance [64]. As a second step, study 3 examines, whether team-monitoring 

judgements are related to objective performance measures (for instance, early 

defibrillation in resuscitations), which are connected to patient outcome. 

In sum, the three studies of this dissertation aim to advance research into team 

training, assessment, and monitoring by exploring the following research questions: 

- Which effect does debriefing with a debriefing script have on the learning outcome 

of an SBT and the feasibility of the debriefing process compared to debriefing 

without a script (study 1)? 

 

- Do raters with little experience as opposed to subject matter experts provide 

comparable evaluations of teamwork using the German version of TEAM [55] 

(study 2)? 

 

- How do team members’ and leaders’ judgements of their teamwork relate to 

external observations of their teamwork and to objective performance measures 

(study 3)? 

1.4 Methods 

1.4.1 Study 1: Effectiveness of debriefing 

To assess whether debriefing with a debriefing script leads to better learning outcomes 

and is more feasible than debriefing without a script, a prospective superiority study 



11 
 

comparing a control and an intervention group was designed. In the following, study 1 

will be described briefly; a more detailed description can be found in the related article 

[53]. 

Setting and participants 

The study was conducted during an SBT for medical students, in which an eight-hour 

nightshift in the emergency room (ER) was simulated. The study took place in January 

2017. This “nightshift” consisted of six scenarios, representing common cases in 

emergency medicine [54]. 32 medical students in their final year took part in the 

simulation, after they had given their informed consent. The students were randomly 

assigned to seven teams of (four to) five students (that is, three teams in the control 

condition, four in the intervention). In every scenario, one student was declared team 

leader, two students were team members and the remaining two observed the 

scenario. Within each team, roles were alternated during the “nightshift”. 

The ethics committee (EA2/172/16) and the institutional office for data protection (AZ 

737/16) at Charité – Universitätsmedizin Berlin approved the study. 

Debriefing 

Prior to the SBT, the facilitators – experienced peer teachers – received a training on 

CRM principles, debriefing, and the GAS approach. After each scenario, multi-source 

feedback was provided, including a facilitator-guided team debriefing (of around ten 

minutes’ duration) focusing on teamwork. In the control condition, debriefings were 

conducted according to the GAS approach. For this, control group facilitators were 

instructed to use the GAS approach and freely choose one or two CRM principles, 

fitting the observed scenario, as topics for each debriefing. In the intervention teams, 

the GAS approach was used as well, but combined with a cognitive aid called 

TeamTAG (Teamwork Techniques Analysis Grid). For this, intervention group 

facilitators were instructed to use the GAS approach and the TeamTAG and to discuss 

all included CRM principles at least once (intervention group). The sequence of these 

events is depicted in the study flow chart (Figure 1). 
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Figure 1  

Study flow chart 

  

Note. CRM: crisis resource management; GAS: gather–analyse–summarise; R: 

randomisation; TEAM: Team Emergency Assessment Measure [55]; TeamTAG: Teamwork 

Techniques Analysis Grid. The grey dotted box indicates that this part of the study is repeated 

six times. This figure was published as part of the referenced study [53], and is used under CC 

BY-NC 4.0; it has been adapted for use in this dissertation. 

 

TeamTAG 

The TeamTAG has been developed by our research group. It is a debriefing script 

based on six CRM principles and aims to support the facilitator in observing and 

debriefing simulation trainings and in teaching basic teamwork skills to the participants 

by means of giving feedback. Two investigators from the research group selected the 

principles to fit the simulation setting, the participants’ skill level, the facilitators’ 

experience, and the principles’ observability. TeamTAG fits on one A4 page and 

includes, apart from the principles, behavioural anchors for each principle and blank 

space for notes.  

Data collection 

Before the simulation started, all participants filled out a questionnaire on demographic 

data, their experience in emergency medicine and whether they had professional 

Raters 

Facilitators 
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training as a paramedic or nurse to identify potential confounders. In their teams of five 

participants, they were instructed to discuss what teamwork principles they were 

familiar with (to assess their knowledge of NTS) and answered 15 multiple-choice 

questions about emergency medicine (to assess their knowledge of this field). 

The quality of teamwork was assessed during each scenario by two raters using the 

TEAM tool [55], which was translated into German and validated in a pre-study. In this 

pre-study, inter-rater reliability was calculated between four raters who each rated two 

videos (one video showing intermediate quality teamwork, one high quality teamwork). 

Inter-rater reliability was excellent for both videos (video 1: intraclass correlation 

coefficient [ICC] = .99, meanTEAM [M] = 42.3, standard deviation [SD] = 1.3; video 2: 

ICC = .85, MTEAM = 22.5, SD = 3.1) [53,65]. TEAM will be described in more detail as 

part of the second study. The raters were blinded to the condition the teams were in.  

After every scenario and debriefing, the participants were asked to rate whether they 

found the debriefing to be helpful on a 7-point Likert scale from +3 (strongly agree) to 

−3 (strongly disagree). Facilitators tracked the topics that were discussed, and 

afterwards matched them to CRM principles to calculate the total number of principles 

discussed in each team.  

At the end of the whole SBT, participants were asked to rate the importance of all 15 

CRM principles. Furthermore, the facilitators rated the feasibility of the debriefing 

process in general and, in the intervention condition, of TeamTAG in particular. Both 

questionnaires used 7-point Likert scales as well. 

TeamTAG has already been used in an earlier nightshift simulation (without a control 

group) [65,66] and was evaluated as feasible (M = 1.9, SD = 0.9) and helpful to observe 

and debrief the simulation (Mobserve = 2.3, SD = 0.8; Mdebrief = 2.3, SD = 0.5) by seven 

facilitators. 

Data analysis 

The data was analysed using the programs SPSS 24 (Armonk, NY: IBM Corp.) and R, 

version 3.4.4 [67]. Baseline data was analysed using qualitative and quantitative 

methods to check for potential confounders with parametric and non-parametric tests. 

The TEAM scores of the intervention and control condition teams, as well as the 

number of CRM principles discussed in the two conditions, were compared for 

statistical differences. Furthermore, participants’ ratings of their satisfaction with the 

debriefing and the importance of the CRM principles were compared between the 
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control and the intervention condition. P values of less than 0.05 were considered 

significant in this and the following studies. Facilitators’ rating of the feasibility of the 

debriefing process was analysed descriptively. 

1.4.2 Study 2: Rating of teamwork using TEAM 

Study 2 assesses whether novices provide evaluations of teamwork that are 

comparable to the ones made by experts using the German version of TEAM, an 

instrument to rate the quality of teamwork in emergencies. Study 2 is described in detail 

in the related publication [58], and a summary follows below. 

Setting and raters 

The study took place in an SBT for medical students, which has already been 

described as part of study 1. In this SBT, seven teams of five medical students rotated 

through six emergency medical scenarios and their teamwork was rated by two 

observers using the TEAM tool in each of these scenarios, namely by one expert rater 

and one novice rater. The group of expert raters consisted of five physicians and one 

psychologist with broad experience in training and assessing teamwork skills in SBTs 

and/or in emergency medicine. The novice raters were six peer teachers from the skills 

lab. They were advanced medical students who had gained experience in emergency 

medicine through clinical electives or by working as paramedics. All raters received a 

rater training, including information about the TEAM tool, common rating errors and a 

frame-of-reference training using videotaped examples of teamwork [68]. 

The ethics committee (EA2/172/16) and the institutional office for data protection (AZ 

737/16) at Charité – Universitätsmedizin Berlin approved the study. 

TEAM 

TEAM was developed in 2010 by Cooper and colleagues [55] as a tool to train and 

assess teamwork and has been used in a variety of environments (SBTs, real-life 

emergencies) and with different teams (medical/nursing students, multi-professional 

teams) since then [55,69,70]. Both the English original and the translated French 

version have been validated and show very good psychometric properties [56,71,72]. 

TEAM consists of eleven items in the three subscales leadership, teamwork (including 

communication, coordination and cooperation, team climate, adaptability, and situation 

awareness) and task management. All items can be rated on a scale from 0 (behaviour 

can hardly ever/never be observed) to 4 (behaviour can nearly always/always be 

observed). A twelfth item asks for a global rating of the team’s non-technical 
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performance (GRS = global rating scale) on a scale of 1 to 10. Furthermore, a sum 

score can be calculated by adding up the scores of the eleven items. 

TEAM was translated into German by our research team following the TRAPD 

(translation, review, adjudication, pre-testing, and documentation) methodology [73]. 

As a preliminary validation, two videos were evaluated by four raters and showed 

excellent inter-rater reliability (see methods section: methods of study 1 on 

effectiveness of debriefing [53]). 

Data analysis 

The collected data were analysed using IBM SPSS 25.0 and R [67]. Descriptive 

measures were calculated for novice and expert raters separately. TEAM’s reliability 

(Cronbach’s α), the item-total-score correlation and the correlation of all items, 

including the sum score with the score of the GRS, were calculated for both rater 

groups. Furthermore, a principal component analysis (PCA) was conducted to analyse 

the underlying structure of the data – again separately for experts’ and novices’ ratings. 

To compare their ratings, inter-rater reliability between the two groups was calculated 

and Mann-Whitney U tests and a t test were calculated to compare the ratings of all 

eleven items, respectively of the sum score and the GRS. 

As a last step, the sources of variance in the GRS ratings were analysed using a mixed 

effects model. The variance components for raters, rater status (novice or expert), the 

teams and the different scenarios were estimated, as well as their first-order 

interactions. 

1.4.3 Study 3: Monitoring of teamwork 

To examine how well medical emergency team leaders and members can monitor their 

teamwork, an experimental study was conducted during an SBT for the medical staff 

of a university-affiliated level-one emergency room. Study 3 is described in detail in the 

corresponding publication [64], and a summary follows. 

Setting and participants 

The SBT was part of the annual interprofessional training day, which was mandatory 

for all physicians and nurses at the particular hospital in Switzerland. Part of the training 

was a simulated resuscitation, which was happening in situ in the actual emergency 

room. Participants were randomly assigned to teams, stratified by profession, to make 

sure that each team consisted of at least one physician and two nurses. The most 

senior physician was assigned the role of team leader.  
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The study was deemed exempt from full ethical review by the ethics committee of the 

Canton of Bern, because it did not involve patients. All participants provided written 

informed consent. 

Simulation scenario 

The teams’ task was to treat an elderly male patient who was found by paramedics 

lying on the floor in his cold flat, due to a fall ten hours previously. The patient went 

into cardiac arrest just prior to arriving at the hospital and the paramedics started 

cardiopulmonary resuscitation. At this point, the patient was handed over to the ER 

team. The patient, embodied by a simulator, showed ventricular fibrillation, and did not 

respond to treatment for the next 15 minutes. The scenario was concluded when the 

teams either called for an extracorporeal circulation (ECC) due to hypothermic arrest 

(patient’s body temperature was 27.3°C) or diagnosed a different cause for the cardiac 

arrest. A facilitator-led debriefing focusing on teamwork followed the simulation. 

Measurement instruments 

Prior to the start of the SBT, participants filled out a questionnaire about demographic 

data (age, gender) and work experience (in years). Right after the simulation, every 

participant was asked to rate how familiar they were with cases like the one they had 

just worked on and to rate their team’s teamwork, phrased as their confidence in the 

quality of their teams’ teamwork on 5-point Likert scales, ranging from 1 (not confident 

at all) to 5 (very confident). 

The simulations were recorded, and two researchers using the German version of 

TEAM rated the teamwork. As they showed a good inter-rater agreement after rating 

20% of the videos (ICC = 0.87), the remaining videos were rated by one observer. 

Additionally, objective performance measures, like the time until the first defibrillation 

or the first administration of adrenalin was requested, were extracted from the 

recordings. 

Data analysis 

IBM SPSS 25.0 was used for data analysis. Descriptive measures were calculated 

using mean or median and standard deviation or range, as appropriate. Pearson’s r 

was calculated as a correlation coefficient between the participants’ evaluation of their 

teamwork and the observers’ ratings of TEAM (sum score and GRS), as well as 

between participants’ evaluation and the described objective measures. In addition, 

the TEAM sum score and GRS were correlated with objective measures. As a last 
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step, observers’ TEAM ratings were correlated with different team features, such as 

the team’s size and the age of the team leader.  

1.5 Results 

1.5.1 Study 1: Effectiveness of debriefing 

As the first publication is a study protocol, which was submitted before the study was 

conducted and was published in BMJ Open in June 2017 [53], it only contains 

preliminary results. The final results, which were partly presented at a scientific 

conference [74] and were submitted for publication in GMS Journal for Medical 

Education on May 29th 2020 (decision pending), are briefly described here. 

Effects of debriefing with and without debriefing script 

32 medical students took part in the study and were randomised to four intervention 

group teams (n = 19) and three control group teams (n = 13). The confounder analysis 

yielded no significant differences between control group and intervention group 

participants concerning their age, gender, previous experience, or knowledge of 

emergency medicine. Only the number of CRM principles which participants knew prior 

to the start of the SBT was higher in the control group (MCRM_control = 5.7, SD = 0.6; 

MCRM_intervention = 4, SD = 0), t(2) = 5.00, p = .04. 

We analysed the potential effect of using TeamTAG to debrief teamwork using an 

ANCOVA (analysis of covariance), with the TEAM sum score of the last case as the 

dependent variable and the condition (intervention vs. control) as independent 

variable. The prior knowledge of CRM principles, TEAM sum score of the first case 

and the type of the last case were included as covariates. This analysis showed no 

effect of the condition on the TEAM score of the last case (F(1,1) = 7.38, p = .23). 

Facilitators of control and intervention group teams differed in the topics they discussed 

in the debriefings. Intervention group facilitators discussed the topics included in the 

TeamTAG more consistently (median = 5; min = 4; max = 6) than control group 

facilitators (median = 3; min = 2; max = 5). Furthermore, intervention group facilitators 

tended to discuss different topics in each debriefing, whereas topics were repeated 

more often by control group facilitators. Overall, M = 7.50 CRM principles were 

discussed on average in the intervention condition (SD = 1.29) and M = 6.33 in the 

control condition (SD = 3.06), whereby t(5) = -0.70, p = .51. 
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The facilitators rated debriefing with as well as debriefing without the TeamTAG as 

feasible (Mintervention = 2.25, SD = 0.96; Mcontrol = 2.00, SD = 1.00), t(5) = -0.34, p = 0.75. 

Intervention group facilitators reported that they had enough time to debrief their team 

(Mintervention = 2.50, SDintervention = 0.587), whereas control group participants were 

undecided (Mcontrol = 0.33, SDcontrol = 2.08), t(2.23) = -1.75, p = 0.21. The participants 

were satisfied with the debriefings throughout the whole SBT (M = 2.4-2.9), and no 

significant differences between participants of the intervention and the control condition 

were detectable (all p ≥ .06). The same applied to participants’ assessment of the 

importance of the CRM principles. All principles were thought to be (very) relevant (M 

= 1.9-2.8), and the central tendency of these ratings did not differ between the two 

conditions (all p ≥ .06). 

In sum, this study revealed no significant differences between the teams of intervention 

and control condition regarding the teamwork quality at the end of our nightshift 

simulation and the total number of CRM principles that were discussed in the 

debriefings. However, in intervention group teams more principles included in the 

TeamTAG were discussed and less principles were discussed repeatedly, compared 

to the control group. Facilitators of both conditions found the debriefing process to be 

feasible, the ones using TeamTAG reported less problems with time management. 

Participants were satisfied with the debriefings and rated all CRM principles to be 

relevant, no matter which condition they were in. 

1.5.2 Study 2: Rating of teamwork using TEAM 

The results described in this paragraph have been published in the Scandinavian 

Journal of Trauma, Resuscitation and Emergency Medicine in February 2019 [58]. 

Descriptive statistics  

In total, twelve raters (six novices and six experts) participated in the study. Each 

scenario of the SBT was rated by one expert rater and one novice rater using TEAM. 

As seven teams rotated through six scenarios, this yielded 84 observations of 

teamwork. The novice raters (aged 20-33, M = 24 years) were peer teachers with 1 to 

2.5 years of experience in student-assisted learning, the expert raters (aged 26-37, M 

= 31.5 years) had 3.5 to 10 years of experience in teaching in clinical settings and/or 

SBTs and partly as well in emergency medicine. The participants were medical 

students in their final year of study; their age ranged from 22 to 46 years (M = 

26.5 years, SD = 4), and 46.9% were female. 
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Measurement properties of German TEAM 

The measurement properties for the German TEAM were calculated separately for the 

novice and the expert ratings. To analyse the TEAM’s reliability, we calculated 

Cronbach’s α for each of the six cases, which resulted in a mean Cronbach’s α of α = 

0.89 (SD = 0.06) for experts and α = 0.85 (SD = 0.19) for novices. The lowest α of 

expert ratings was α = 0.79, while for novice raters it was α = 0.47. Item-total-score 

correlations were calculated to check if the items were able to discriminate between 

high- and low-quality teamwork. All items were positively correlated with the sum score 

of TEAM with a mean of Mcorr(experts) = 0.71 (SD = 0.09) and Mcorr(novices) = 0.69 

(SD = 0.17) across all cases. Likewise, all items were positively correlated with the 

GRS (mean correlation of Mcorr(experts) = 0.71, SD = 0.10, Mcorr(novices) = 0.69, SD = 0.17) 

as was the sum score with r = 0.90 for experts (p < .001) and r = 0.85 for novice raters 

(p < .001). 

The next part of the analysis involved a PCA to examine whether the TEAM’s items 

could be reduced to one general component. First, all prerequisites were checked (i.e. 

inter-item correlations at least 0.3, Kaiser–Meyer–Olkin criterion at least 0.6, significant 

Bartlett test of sphericity) and – since these preconditions were met – a PCA was 

conducted for expert and novice ratings. For both rater groups a dominant first 

component was found, explaining 59% (experts) and 65% (novices) of the observed 

variance. 

Inter-rater agreement 

The inter-rater agreement between novice and expert raters calculated for the sum 

scores was ICC = 0.66. The two rater groups also had a 75% agreement when 

comparing which teams’ teamwork was rated among the two lowest and the two 

highest for every case. Furthermore, we compared the ratings on an item-level using 

U-tests. No statistically significant differences were found for seven of the eleven items 

(p = .06–.86) and for the sum scores (Mnovice = 30.4, SDnovice = 8.6, Mexpert = 27.0, 

SDexpert = 8.4; t(82) = 1.8, p = .08). On four of the eleven items, a statistically significant 

difference was revealed with novices rating teamwork behaviour higher than experts 

(p = .04–.004). This was also true for the GRS, where novices on average gave higher 

ratings (Mnovice = 7.1, SDnovice = 1.6) as compared to experts (Mexpert = 6.1, 

SDexpert = 1.9), t(82) = 2.5, p = .02. 
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Sources of variation of TEAM scores 

A mixed effects model was used to estimate which sources contribute how much to 

the total variance of TEAM score on the GRS. Random effects were estimated for 

raters, cases, rater status (expert/novice) and team (the seven groups of participants), 

and for the first-order interactions between cases and teams and between cases and 

rater status. All components together explained 71.8% of the observed variance (Table 

1). Rater status – being a novice or an expert rater – as the primary focus of this study, 

accounted for approximately 11% of variance of TEAM scores. Besides the cases, 

which accounted for 10.17% of variance, the interaction of case and team was the 

greatest source of variance. Explaining 43.21% of variance, it indicates the teams’ 

teamwork quality differed a lot between cases. 

Table 1 

Variance components and percentage of variance for TEAM scores 

Source of variance  Variance component Percentage of variance 

Ratera  0.048 1.32 

Rater statusb  0.397 11.05 

Team  0.094 2.62 

Case  0.366 10.17 

Case × Team  1.553 43.21 

Rater Status × Case  0.123 3.42 

Residual  1.014 28.21 

Note. TEAM: Teamwork Emergency Assessment Measure [55]. This table was published as 

part of the referenced study [58] and is used under CC BY 4.0; it has been adapted for use in 

this dissertation. 

a Rater includes all 12 raters. b Rater status includes the categories ‘novice rater’ and ‘expert 

rater’. 

In sum, different measurement properties, like Cronbach’s α and item-total-score 

correlations were calculated for novice and expert raters separately. Two PCAs 

showed that for both rater groups, the predominant amount of variance can be 

explained by one component. Looking at the TEAM’s sum score, novice and expert 

raters had an inter-rater agreement of ICC = 0.66 and the mixed effects model showed 

that rater status explained 11% of the observed variance of TEAM scores. There was 

no significant difference between experts’ and novices’ ratings for seven of eleven 
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TEAM items and the sum score; for four items and the GRS novices’ ratings were 

higher than experts’ ratings. 

1.5.3 Study 3: Monitoring of teamwork 

The results of this study have been published in BMC Medical Education in June 2020 

[64]. A summary of these results is provided in this section. 

Descriptive statistics 

Originally, 26 teams participated in the study. Four teams had to be excluded for 

various reasons (technical failure while recording, no consent, team included one of 

the researchers). Thus, data from 22 teams, consisting of 115 healthcare professionals 

(22 physician team leaders and 93 team members), was analysed. 

Table 2  

Descriptive statistics 
 

Mean 
Standard 
deviation 

Min Max 

Participants overall [N = 115]  

Age [years, N = 113] 36.7 10.3 20 63 
Professional experience [years, N = 112] 13.1 10.3 0.4 39 
Experience emergency medicine [years, 
N = 110] 

6.3 7.5 0.2 36 

Gender [N = 115] 77.4% female 

Team leader [N = 22]  

Age [years, N = 22] 36.4 8.3 29 61 
Professional experience [years, N = 22] 9.0 8.6 2 37 
Experience emergency medicine [years, 
N = 22] 

3.4 5.8 1 27 

Gender [N = 22] 77.3% female 

Scenarios and performance     

Total duration [min:sec] 8:15 1:05 5:45 10:15 
Time to defibrillation [min:sec] 1:06 0:42 0:09 2:32 
Time to adrenaline [min:sec] 3:31 1:34 0:50 6:47a 
TEAM GRS score [points out of 10] 6.4 1.8 3 10 
TEAM sum score [points out of 44] 31.8 5.5 21 42 

Note. TEAM: Team Emergency Assessment Measure. This table was published as part of 

the referenced study [64] and is used under CC BY 4.0; it has been adapted for use in this 

dissertation. 

a Two teams did not administer adrenaline. 
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The teams consisted of three to six members (median = 4), of whom one to three were 

physicians (median = 1) and two to four were nurses (median = 3). The participants 

were on average 36.7 years old, had worked for a mean of M = 13.1 years, and of those 

M = 6.3 years in emergency medicine ( 

Table 2). 

On average, a simulation lasted 8min 15s (SD = 1:05 min) – at this point either the 

team called for an ECC (N = 9) or the instructor concluded the simulation (N = 13). The 

time until the first request for defibrillation ranged from 9s to 2min 32s; the range for 

the time until the first request for adrenaline ranged from 50s to 6min 47s ( 

Table 2). The observed teamwork quality varied noticeably among the teams. The 

TEAM sum scores ranged from 21 to 42, with a mean of 31.8 (SD = 5.5). The GRS 

showed similar results (M = 6.4; SD = 1.8; min = 3; max = 10; Table 2), as sum score 

and GRS were highly positively correlated (r = 0.943; Table 3).  

Table 3 

Correlations of external observations, team characteristics and performance  

 external 
observations 

objective performance 
measure 

team characteristics 
 
 

 TEAM 
GRS 
Score 

TEAM 
sum 
score 

time to 
defibrillation 

time to 
adrenaline 

team 
size 

number of 
physicians 

number 
of 

nurses 

TEAM GRS 
Score 1 0.943** −.463** −.217* 0.055 −0.072 0.116 

TEAM sum 
score 

 1 −.451** −.226* 0.061 −0.070 0.120 

time to 
defibrillation   1 .486** −0.048 0.193 −.214* 

time to 
adrenaline    1 −0.093 0.202 −.284** 

team size 
    1 .421** .627** 

number of 
physicians      1 −.443** 

number of 
nurses       1 

Note. TEAM: Team Emergency Assessment Measure [55]; GRS: global rating scale. This 

table was published as part of the referenced study [64] and is used under CC BY 4.0; it has 

been adapted for use in this dissertation. 

*p < .05, two-tailed. **p < .01 two-tailed. 



23 
 

Relationship between team monitoring and TEAM scores 

The relationship of team-monitoring judgements and TEAM scores was analysed for 

team members and team leaders separately. The observers’ TEAM ratings were 

significantly correlated with the team members’ judgements (rTEAM_members-

monitor = 0.573, p < 0.001, rGRS_members-monitor = 0.628, p < 0.001), but not with the team 

leaders’ judgements (rTEAM_leader-monitor = 0.347, p = 0.145, rGRS_leader-monitor = 0.451, 

p = 0.052) of their teamwork. 

Relationship between team-monitoring and objective performance measures 

The relationship of team-monitoring judgements and objective measures was analysed 

separately for team members and team leaders, as well. Team members’ judgements 

were significantly correlated with the time until defibrillation was requested and 

administered (rdefi-req = −0.459, p < 0.001, rdefi-admin = −0.295, p = 0.010) and until 

adrenalin was requested (radrenalin-req = −0.271, p = 0.025). Team leaders’ judgements 

were not significantly correlated with these measures (rdefi -req = −0.447, p = 0.055, rdefi-

admin = −0.290, p = 0.229, adrenalin-req = 0.147, p = 0.572). 

Relationship between TEAM scores and objective performance measures 

As depicted in Table 3, both TEAM scores (GRS and sum score) were significantly 

correlated with the length of time until the request for first the defibrillation (rGRS = 

−0.463, p < 0.001; rsum = −0.451, p < 0.001) and the request for the first administration 

of adrenaline (rGRS = −0.217, p = 0.035; rsum = −0.226, p = 0.028), with a higher TEAM 

score indicating less time until the requests for defibrillation/adrenaline.  

Relationship between TEAM scores and team characteristics  

Team size, number of physicians and number of nurses showed no significant relation 

to the TEAM scores (Table 3). Physicians’ age was negatively correlated with both 

TEAM scores (rsum_leader-age = − 0.461, p = 0.047, rGRS_leader-age = − 0.473, p = 0.041). 

In sum, the results show that team members’ team-monitoring judgments are 

significantly correlated with observers’ TEAM ratings and with different objective 

performance measures, while the same could not be shown for team leaders’ 

judgements. TEAM scores were also correlated with objective performance measures 

but showed no connection to the team size or the number of physicians/nurses per 

team. 
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1.6 Discussion 

This dissertation is dedicated to the topic of evaluating teamwork; in particular, it 

examined different aspects of training, debriefing, and assessing teamwork in medical 

emergencies. It involved the development of TeamTAG, a debriefing script, 

psychometric testing of the German-language version of the TEAM tool when used by 

expert and novice raters, and the comparison of TEAM scores with team members’ 

and leaders’ team-monitoring judgements and with objective performance measures. 

Effectiveness of debriefing with TeamTAG 

In the first study, debriefing with TeamTAG, a debriefing script, was compared to 

debriefing without a script to determine the effect of these two approaches on the 

learning outcome of an SBT and the feasibility of the debriefing process. TeamTAG is 

a cognitive aid for facilitators to structure the process of observing and debriefing 

teamwork, to trigger reflections and to reduce their mental workload. In our study, it 

was used by novice raters, who described it as feasible and better suitable for 

managing the debriefing time compared to raters who did not use TeamTAG. Our 

results showed that debriefing scripts such as TeamTAG can be useful to ensure that 

certain learning objectives will be discussed during an SBT. This might be particularly 

important for courses at the beginner level, for example, basic courses on CRM for 

students of healthcare professions. On the downside, scripts can lead to a less flexible 

debriefing, as they predefine the behaviours to observe and discuss. For participants 

with more experience, a more “open” and learner-centred approach may be more 

helpful [48,75]. It is important to note, though, that such an open and learner-centred 

approach is more complex than a scripted debrief and therefore calls for more skilled 

and experienced facilitators [76]. Therefore, when deciding on a debriefing approach, 

the experience level of both participants and facilitators, as well as the learning 

objectives, need to be considered.  

Apart from the feasibility and the different foci of debriefings with and without 

TeamTAG, we could not detect any differences regarding the learning outcome 

between the two debriefing approaches. This contradicts former findings where using 

a debriefing script led to a greater improvement in participants’ knowledge and team 

leader performance [52]. In the setting of our nightshift SBT, the changing team roles 

as well as the experience of fatigue might have hindered a more effective learning 

outcome and reduced the possibility of detecting differences between the debriefing 
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approaches. Furthermore, the debriefing script in the previously mentioned study 

included more detail and more time was provided to conduct the debriefing, which 

might have supported the novice facilitators better and allowed for more reflection and 

learning to happen [52]. Thus, to conclude, while the positive effect of debriefing in 

general is clear [77], there might not be one particular debriefing approach, which is 

‘the best’ [48]. As mentioned before, it needs to fit the context, the learning goals as 

well as the facilitators’ experience and preferences [78].  

For further exploration of the benefits of TeamTAG, it should be incorporated into an 

SBT with a fixed team structure, more participants, and a clearer aim on solely training 

non-technical skills. A direct comparison to other debriefing scripts used by novice 

instructors would increase the knowledge about the specific needs of this group of 

instructors, for example, regarding the optimal level of detail of the script. In addition to 

an assessment of teamwork quality at the beginning and at the end of the SBT, a 

second post-test of teamwork quality several weeks after the training should be 

included in future studies, to allow for more insights into how long potential training 

effects last. 

Rating of teamwork using TEAM by novice and expert raters 

To train and debrief teamwork optimally, it is important to have reliable and valid 

assessment tools for teamwork at hand. Hence, this thesis also focused on assessing 

NTS using the German TEAM tool and especially on the question of whether novices 

can provide assessments, comparable to those of experts, and could therefore be 

employed as raters as well. TEAM is an assessment and training tool, consisting of 11 

items and a global rating, to evaluate three categories – leadership, teamwork, and 

task management. The psychometric properties of the German TEAM showed good 

results, for both novice and expert raters, as well as when compared to the English 

original and the French translation [58]. The internal consistency was high and the PCA 

confirmed one underlying component for both novice and expert raters. The inter-rater 

agreement of novices and experts can be considered moderate to good. The results 

of the variance component estimation endorsed the use of novices and experts as 

potential raters as well, since rater status had only a small influence on the variance of 

TEAM scores. 

Novices are also used in other areas to rate performance, such as in Objective 

Structured Clinical Examinations (OSCE). A variety of studies shows that novices, after 
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being trained to use the rating tool, can provide reliable ratings of TS and NTS 

[79,80,81]. Ratings are especially consistent when looking at global ratings, with 

novices’ ratings tending to be slightly higher than experts’, whereas novices’ checklist 

scores (for particular behaviours) are more variable and can be higher than, lower than 

or similar to experts’ scores [79,82]. These related findings were (partly) reflected by 

our results, where novices’ and experts’ ratings were similar for seven of eleven TEAM 

items and the sum score, whereas for four TEAM items and the GRS, novices rated 

more leniently than experts. This could be explained by a lower standard, which novice 

raters used, possibly because of their lack of experience in (difficult) emergency cases. 

Our study differed from previous studies, in that it a) compared novices and experts to 

analyse teamwork and/or b) used the terms ‘novice’ and ‘expert’ to described their 

experience regarding teamwork trainings and emergency medicine, not their 

experience regarding the rating tool [83]. 

Another interesting aspect of study 2 is the result of the mixed effect model showing 

the interaction of teams and cases as the biggest source of variance, which implies 

that the teams’ teamwork depended very much on the case and its specific demands. 

These findings can be connected to results from research about content specificity, 

showing that, for instance, clinical competence cannot be solely explained by one 

general ability like problem-solving, but depends heavily on the subject matter as well 

[84,85]. They also endorsed previous findings, suggesting that teamwork strategies 

need to fit the specific situation and that different leadership styles are beneficial in 

different situations [43]. Finally, the study showed that TEAM scores are case-specific 

and should not be compared across cases. Further research is therefore needed to set 

benchmarks for TEAM scores in different cases [71] and to develop a metric to 

characterise similar cases. 

Relationship of external observations of teamwork, objective performance measures 

and teams’ monitoring of teamwork 

The lack of studies comparing observed teamwork (e.g. with the help of TEAM) and 

objective performance measures was one of the aspects addressed in study 3. 

Moreover, this study examined the relationship of TEAM ratings, performance 

measures and team members’ and leaders’ judgments of their teamwork to find out, 

whether they are able to accurately monitor their teamwork. In the SBT that we 

conducted, teams of physicians and nurses had to deal with a hypothermic cardiac 
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arrest, a rather rare cause of cardiac arrest, which calls for a different treatment 

algorithm than usual and was therefore selected for the simulation training. The marked 

variety in team performance can be attributed to this rather difficult case. The results 

showed significant correlations between TEAM scores and objective measures: teams 

receiving higher ratings for teamwork were also quicker to request the first defibrillation 

and the first administration of adrenaline. These results represent a further validation 

of TEAM. Moreover, they confirm findings of other authors that teamwork (non-

technical performance) and taskwork (technical performance) are connected [6,37,42]. 

This is, of course, highly relevant for clinical practice and emphasises the need to train 

teamwork. Since all these studies investigated the relationship of NTS and TS in 

resuscitation scenarios, future studies should explore whether similar results can be 

found for other settings where teamwork is necessary. 

Team members’ monitoring of their teamwork was moderately to highly correlated to 

the TEAM ratings and the objective measures. These findings underscore the 

hypothesis that individuals are capable of monitoring their performance while acting 

and – as in this case – shortly after as well. This is reflected by the literature on self-

monitoring of one’s own actions [63,86] and extends this concept to assessing tasks 

that have just been finished. Our results also show that team members were able to 

monitor the teamwork accurately and not just tasks solely completed by themselves. 

Team leaders’ team-monitoring, on the contrary, was not connected to the observers’ 

TEAM ratings or objective measures. One explanation for this finding could be that 

leading a team, which is a complex task per se, was even more demanding for the 

team leaders in our SBT due to the unfamiliar resuscitation scenario. As a result of this 

stressful situation, they might not have had the resources for the metacognitive task of 

monitoring the teamwork [87,88]. In addition, a possible diffusion of responsibilities 

among the team members might have led to more tasks and more stress for the team 

leader and consequently, even more difficulties in monitoring overall teamwork quality. 

Limitations 

There are certain limitations concerning the three described studies. Study 1 took place 

in a nightshift SBT, which allowed for only a small participant number (32 medical 

students in 7 teams). Furthermore – for educational reasons – participants frequently 

changed their roles between team leader, team member and observers during the 

night. This changing team structure can weaken the effect of the training and – as 
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mentioned before – could have hindered the detection of different learning outcomes 

between the two debriefing approaches used in study 1. 

Another limiting factor is the missing evaluation of the debriefing quality in study 1 with 

an instrument like the Objective Structured Assessment of Debriefing (OSAD) [89]. As 

described, all facilitators were trained in conducting a debriefing, but their actual 

adherence to the debriefing guidelines was not assessed due to limited personal 

resources – except for the debriefings’ topics, which the facilitators reported 

themselves and the participants’ high satisfaction with the debriefing, which can at least 

be seen as a form of indirect quality control. Nonetheless, further research into 

debriefing, different approaches and their effects should include an objective and 

standardised quality control. 

In study 2, ratings were conducted by six expert and six novice raters, and the category 

‘expert’ included both people with expertise in teamwork and NTS in terms of research 

and facilitating SBTs and people with expertise in emergency medicine from working 

in clinical practice. A study comparing emergency medical experts (who are not 

teamwork experts) and teamwork experts (who are not emergency medical experts) 

and novices in both areas is presently being conducted by our research group to fine-

tune the findings regarding who can use TEAM as a tool to provide accurate ratings of 

teamwork. 

Study 3 included 115 participants in 22 teams, therefore ‘only’ 22 team leaders. This 

makes it possible that a significant correlation between their team monitoring and the 

TEAM ratings could not be detected because of the sample size. Furthermore, this 

study was conducted in a real-world environment and included teams of different sizes 

and composition, to imitate real emergencies and teamwork of ad hoc teams as closely 

as possible. Nonetheless, as we did not control for these differences across the teams, 

these may also have affected the results. Our results showed that indeed teams with 

younger team leaders received higher TEAM scores, but no other team characteristic 

was associated with the observers’ ratings. This correlation might have been the effect 

of more recent resuscitation training of the younger physicians and/or more familiarity 

with simulation trainings. 
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All three studies were single centre studies. As the institutional safety culture has an 

important influence on healthcare workers, similar studies need to be carried out at 

other hospitals and medical faculties to explore the generalisability of our results. 

Conclusion 

In conclusion, this dissertation provides several new components to the research and 

practice of training, debriefing, and assessing teamwork in healthcare. The use of 

debriefing scripts was examined and discussed, showing the benefits for novice 

facilitators. Still, more research is needed to determine the optimal debriefing 

approaches for novice as well as expert facilitators and different debriefing settings. In 

this process, debriefing scripts – and ways to support facilitators in general – are a key 

aspect to focus on to ensure debriefing quality. 

This dissertation also provides a new assessment tool for NTS in medical emergencies 

for German-speaking countries and showed that both novices and experts can rate 

teamwork quality accurately. This finding should be replicated in real-life emergencies 

in the ER and it should be tested, how assessments (from novices) can be best 

incorporated into clinical practice as a tool for constant quality control and 

improvement. 

Lastly, this thesis focused on teams’ ability to monitor their own teamwork accurately. 

Team members were able to do so, and thus can provide valuable insights during team 

debriefing. These findings strongly suggest that team members should be included in 

the decision as whether to conduct a debriefing after an emergency. Team leaders’ 

ability to monitor teamwork needs to be further investigated, as it is an important part 

of their leadership role. 
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