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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.



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.



1.2 Zusammenfassung

Im Gesundheitswesen ist Teamarbeit héaufig erforderlich, zum Beispiel bei der
Behandlung von schwerverletzten Patient*innen. In solchen Situationen sind die
Qualitat 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 Fahigkeit von Teams, ihre Teamarbeit einzuschatzen (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 Unterstitzung des Debriefingprozesses. TeamTAG wurde von
den Instruktor*innen als praktikables Hilfsmittel beschrieben und seine Anwendung
stellte sicher, dass bestimmte Lernziele besprochen wurden. In der Qualitat der
Teamarbeit traten keine Unterschiede auf zwischen den Teams deren Debriefings mit

bzw. ohne Leitfaden durchgefiihrt wurden.

Die zweite Studie fokussierte auf die Bewertung nicht-technischer Fertigkeiten mittels
des Team Emergency Assessment Measure, TEAM. Dieses weitverbreitete
Messinstrument wurde Ubersetzt und validiert zur Anwendung durch Personen mit
hoher und geringer Expertise im Bereich Notfallmedizin bzw. Simulationstrainings. Es
zeigten sich gute psychometrische Eigenschaften fur beide Anwendergruppen und
eine moderate Ubereinstimmung zwischen den Gruppen, wobei die Anwender*innen
mit geringer Expertise zu milderen Bewertungen neigten. Demnach kénnen sowohl
Personen mit hoher als auch mit geringer Expertise zur Bewertung nicht-technischer

Fertigkeiten mittels TEAM eingesetzt werden.

In der dritten Studie wurde die Fahigkeit von Arzt*innen und Pflegekréaften untersucht,

die Qualitdt der Teamarbeit ihrer Teams einzuschéatzen. Dafir wurden ihre

Einschatzungen 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 Einschatzung durch die Teammitglieder

korrelierten, nicht jedoch mit der Einschatzung durch die Teamleitungen. Dartber
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hinaus zeigten die Ergebnisse, dass die Qualitat der Teamarbeit auch mit objektiven

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

Diese Promotionsarbeit erweitert die Moglichkeiten, Teamarbeit zu trainieren und zu
bewerten, durch die Bereitstellung eines Debriefing-Leitfadens, der besonders fur
Debriefings mit klaren Lernzielen nitzlich 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 F&higkeit von Teams, ihre
Teamarbeit einzuschéatzen, und darin, wie diese Fahigkeit mit externen Bewertungen

und mit objektiven Leistungsindikatoren verbunden ist.



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



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
6



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,
8



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
9



accordingly’ [59, p.1l]. 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
10



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 — Universitatsmedizin 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
TeamTAG Debrief with
S GAS plus
tralning TeamTAG Note CRM : Evaluate
Facilitators —s>| GAS method : principle(s) [—>] debriefing
- training — discussed method
Unspecific o
feedback Debrief with
. GAS alone
training
Receive
5 debriefing
Consent, inFemERkion with GAS plus
. group TeamTAG
d h
Students ——>{ @€Mosrapnic Perform Evaluate [ : S| Evaluate
= and baseline case case event
data Control Receive
group debriefing
with GAS
Rate
TEAM rater performance
Raters training with TEAM
instrument

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

12



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

guestions 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
guestionnaires 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; Mdebriet = 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

13



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 detalil
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 — Universitatsmedizin 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 a), 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 _controt = 5.7, SD = 0.6;
McRrM_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), 1(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 a for each of the six cases, which resulted in a mean Cronbach’s a of a =
0.89 (SD = 0.06) for experts and a = 0.85 (SD =0.19) for novices. The lowest a of
expert ratings was a = 0.79, while for novice raters it was a = 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 Mcor(expertsy=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 Mcorrexperts) = 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; 1(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), 1(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
Rater® 0.048 1.32
Rater status® 0.397 11.05
Team 0.094 2.62
Case 0.366 10.17
Case x Team 1.553 43.21
Rater Status x 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.

2 Rater includes all 12 raters. ® Rater status includes the categories ‘novice rater’ and ‘expert

rater’.

In sum, different measurement properties, like Cronbach’s a 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

Standard

Mean - Min Max
deviation

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
Ex_perlence emergency medicine [years, 6.3 75 0.2 36
N =110]
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
Ex:pe;r;nce emergency medicine [years, 3.4 58 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 6:47°
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.

aTwo 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 objective performance team characteristics

observations measure

TEAM TEAM time to time to team number of number

GRS sum defibrillation adrenaline size  physicians of

Score score nurses
TEAM GRS - " .
Score 1 0.943 -.463 -.217 0.055 -0.072 0.116
TEAM sum . x
score 1 -.451 -.226 0.061 -0.070 0.120
time to o «
time to -
adrena”ne l _0093 0202 _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.
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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 (rream_members-
monitor = 0.573, p <0.001, rers_members-monitor = 0.628, p <0.001), but not with the team
leaders’ judgements (rteam_leader-monitor = 0.347, p =0.145, rcRs_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 (rdefireq = —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 (rers =
-0.463, p <0.001; rsum = —0.451, p <0.001) and the request for the first administration
of adrenaline (rers = =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, rers_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

27



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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ABSTRACT

Introduction Medical errors have an incidence of 9%
and may lead to worse patient outcome. Teamwark
training has the capacity to significantly reduce medical
errors and therefore improve patient outcome. One
common framework for teamwaork training is crisis
resource management, adapted from aviation and usually
trained in simulation settings. Debriefing after simulation
is thought to be crucial to leaming teamwork-related
concepts and behaviours but it remains unclear how best
to debrief these aspects. Furthermore, teamwork-training
sessions and studies examining education effects on
undergraduates are rare. The study aims to evaluate the
effects of two teamwork-focused debriefings on team
performance after an extensive medical student teamwork
training.

Methods and analyses A prospective experimental study
has been designed to compare a well-established three-
phase debriefing method (gather—analyse—summarise; the
GAS method) to a newly developed and more structured
debriefing approach that extends the GAS method with
TeamTAG (teamwork technigues analysis grid). TeamTAG
is a cognitive aid listing preselected teamwork principles
and descriptions of behavioural anchors that serve as
observable patterns of teamwaork and is supposed to help
structure teamwork-focused debriefing. Both debriefing
methods will be tested during an emergency room
teamwork-training simulation comprising six emergency
medicine cases faced by 35 final-year medical students
in teams of five. Teams will be randomised into the two
debriefing conditions. Team performance during simulation
and the number of principles discussed during debriefing
will be evaluated. Learning opportunities, helpfulness and
feasibility will be rated by participants and instructors.
Analyses will include descriptive, inferential and
explorative statistics.

Ethics and dissemination The study protocol was
approved by the institutional office for data protection and
the ethics committee of Charité Medical School Berlin and
registered under EA2/172/16. All students will participate
voluntarily and will sign an informed consent after
receiving written and oral information about the study.
Resulis will be published.

Strengths and limitations of this study

» The study design builds on established principles of
teaching and assessing teamwork.

» The study will be one of the first to explore the
effects of teamwork-focused debriefing on team
performance with undergraduate medical students.

» The study will be embedded in a well-established

simulation setting with proven efficacy.
» The study will be a pragmatic, randomised

comparison of two debriefing methods.
» Only asingle centre will be studied.
» Feedback quality will not be externally evaluated.

INTRODUCTION

Medical errors and adverse events occur with
an incidence of about 9% and can seriously
harm patients.' * Frror rates in EMergency
seitings are even reporied o be twice as
high.:s"-’ Most medical errors originate from
human factors and teamwork” or medication
errors’ and about half of all medical errors
are considered prcvcn[able.' !

Empirical evidence” ' suggesis  that
improving teamwork may be key to reducing
medical error. Yet, although teamwork and
patient safety are prominent objectives in
many national outcome frameworks, >
these topics are insufficiently represented
in undergraduate education and are rarely
assessed, even though validated teamwork
assessment tools exist.'” '° Consequently,
about 60% of junior doctors in Germany
reporied feeling inadequately prepared for
clinical |:|rac[icc-'F and almost half of the resi-
dents in a Canadian survey reported feeling
overwhelmed when leading a resuscitation
team.'”

In addition, common interventions
targeting the quality of teamwork and human

BM)

Freytaqg J, et al BMJ Open 2017,7:e015977. doi:10.11 36/ bmjopen-2017-015977 1

39



Open Access 8

factors, such as simulation training and crisis resource
management (CRM) training, have produced a variety
of effects.”” * In both simulaton and CRM training,
debriefing is considered crucial to enhancing learning”'
but little is known about how best to debrief. In fact, the
widely differing effects of simulation may very well result
from differences in debriefing. A feasible and benefi-
cial debriefing method, particularly for undergraduates,
could lead to more effective simulation sessions and thus
ease the transition into clinical practice for junior doctors.
This could ultimately lead to a reduction of medical errors
and thus improved patient outcome. In this study we will
compare the effects of two different debriefing methods
on team performance and the acquisition of teamwork
skills during teamwork simulations for medical students.

Training and debriefing
The concept of CRM was originally derived from safety
training in aviation and has been adapted to the health-
care sector, another high-stakfs environment.” The idea
of CRM is to guide individuals and teams in emergency
situations (crises), encouraging them to use all available
resources o manage the situation effeciively and prevent
critical incidents from occurring in the first place. CRM
training has been shown to be a potent tool o improve
teamwork and—as a consequence—patient safet:.-'.z'q_z'r’ In
our study, elemenis of CRM sei the framework for team-
work training and debriefing during an emergency room
simulation.

Simulation debriefing is defined as a bidirectional
and interactive discussion after a simulation in which
participants reflect on their actions and analyse their
perfurmance.zj Feedback is a central process element
of debriefing that is often used as a conversational tech-
nique especially in participants with little experience in
debriefing.”” Feedback is defined as the delivery of infor-
mation to improve reasoning or behaviour compared
with defined performance standards,z':" 2 and it is critical
in improving le:;lrning.21 How best to integraie feedback
into debriefing, what specific aspects to address and how
to structure debriefing to foster learning are, however,
still unknown.”' ** The goal of this study is thus to eval-
uate the potential benefit of preseleciing certain aspecis
to be discussed during debriefing and of structuring
debriefing with the help of a cognitive aid. To this end,
we will compare a well-established debriefing method
to a more structured and feedback-focused method to
evaluate their effects on teamwork, learning opportu-
nities, feasibility and helpfulness for participants (and
instructors). We will focus on two debriefing methods,
the gather—analyse—summarise (GAS) method and the GAS
method plus a cognitive aid:

1. The GAS method: This debriefing method
consists of three parts: gathering, anal}'sing and
summarising.” * The GAS method is one of many
similar threestep debriefing structures” and has
been used, for example, in simulation courses run
by the American Heart Association.” During the first

phase (gather), participants are given the opportunity
to report their thoughts on the simulated situation.
They are encouraged to exchange their views on
what actually happened to establish a shared mental
madel of the situation. This model can afterwards be
used to discuss the simulation in a learner-centred
way (analyse). During this process, questions tailored
towards specific learning objectives are used to
facilitate participants’ reflection on and analysis
of their actions and induce learning. Finally, the
debriefing is summed up and critically reviewed by
the team and its instructor {summan's»e}l.Eﬁ = Topics
discussed during the debriefing using this method
are mostly selfselected by the team and instructor,
which makes this method highly flexible. A possible
drawback with regard to teamwork (or any other
specific learning objective) is that its potential to
enhance the quality of teamwork is influenced by the
instructor’s level of ‘t=_-3|q:ren'ence.z'S A typical question
to start the debriefing with the gather step might be
‘How do you feel now?” followed in the analysis step by
‘What worked well?’ or ‘Do you see any opportunities
for improvement?” The summarise step might be
initiated by “What we learned from this session...."
The GAS method plus a cognitive aid: This newly
developed debriefing method uses the GAS
structure detailed above and addidonally provides
the instructors with a cognidve aid to structure
the debriefing in more detail. It further provides
a selection of importani aspecis to address during
debriefing. Cognitive aids are ‘structured pieces of
information designed to enhance cognition and
adherence to...best practices.’:“ Cognitive aids have
been shown to be beneficial in different areas of
medicine.™ ™ Moreover, cognitive aids are useful for
debriefing: Instructors’ use of a cognitive aid may
improve participants’ acquisition of behavioural and
cognitive outcomes after simulation—especially so
with novice instructors.™ In practice, such aids are
often a pocket card, script or posier.

We will use a specific cognitive aid called ‘“TeamTAG’
(teamwork techniques analysis grid) to foster observa-
don and feedback relevant to teamwork. TeamTAG is a
guideline for structuring the feedback process during
debriefing and remembering what to address during the
analysis step of the GAS method. The TeamTAG lists team-
work-relevant CRM principles together with descriptions
of behavioural anchors that serve as directly observable
patterns of teamwork and provides space for notes (see
online supplementary information). The TeamTAG can
be printed on a single sheet of paper (A4) and filled in
during observation of the simulation. After the simula-
tdon, instructors have the flexibility o set priorides for
debriefing based on their observations and structured
notes. The debriefing iself will follow the same struc-
mre as under the GAS method. However, the TeamTAG
might, for example, remind instructors that team leaders
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‘allocate roles & tasks’ or are responsible for ‘monitoring
progress’ (according to the CRM principle ‘exercise
leadership and followership’). These aspects might be
specifically addressed by group instructors to improve
group reflection during the analysis step.

Hypotheses

First, we assume that the GAS method plus TeamTAG
will be a more effective debriefing tool than the common
GAS method alone and will lead to the discussion of more
teamwork-relevant principles. Debriefing using the GAS
method plus Team TAG should thus resultin more learning
opportunities for teams and ulimately in improved team
performance. This hypothesis is based on the fact that the
TeamTAG is concise and guides observation and feedback
with practical examples. Using these examples during
observation may help focus the observers’ attention™ and
result in the team discussing more teamwork-relevant
CRM principles. In undergraduate education, instructors
are often novices and vary considerably regarding how
experienced they are in debriefing. Because novices were
shown to benefit more from structured debriefing scripts
than more experienced insl_ruclors,;"r’ we consider our
environment (see the Methods and analysis section) ideal
for detecting differences between the two debriefing
methods if they exist

Hypothesis la: Participants who receive debriefing
based on the GAS method plus TeamTAG will show a
greater improvement in team performance than those
who discuss the simulaton according to the common
GAS method alone.

Hypothesis 1b: Participantis who receive debriefing
based on the GAS method plus TeamTAG will report
discussing a higher number of CRM principles than
participants who are debriefed with the GAS method
alone.

Second, we expect that teams receiving debriefing based
on the GAS method plus TeamTAG will perceive team-
work skills as more important after the simulation event,
which should increase their sensitivity to a culture of
safety and the likelihood of changing their behaviour.” ™
Moreover, perceiving the content of the debriefing as
more important should lead to higher overall satisfaction
with and perception of helpfulness of the debriefing.

Hypothesis 2a: Participants who receive debriefing
based on the GAS method plus TeamTAG will report a
higher level of perceived importance of teamwork prin-
ciples than those who are debriefed according to the
commaon GAS method.

Hypothesis 2b: Participants who receive debriefing
based on the GAS method plus TeamTAG will report
higher satisfaction with and helpfulness of the debriefing
they received than those who are debriefed according to
the GAS method alone.

Third, we will focus on the satisfaction of the instruc-
tors as a measure of feasibility and efficiency. We expect
higher satisfaction when they use the GAS method plus
TeamTAG as it might facilitate more structured feedback

and it provides a better opportunity for instructors to
address the learning objectives of their participants.

Hypothesis 3: Instructors who use the GAS method plus
TeamTAG will report higher levels of feasibility and effi-
ciency of their debriefing than instructors who use the
GAS method alone.

METHODS AND ANALYSIS

This investigation is designed as a prospective experi-
mental superiority study with interventdon and control
groups receiving debriefing during a simulation training
based on either the GAS method plus TeamTAG or the
GASmethodalone, respectively. The studywill be executed
during an emergency department (ED) simulation at
Charité Medical School, Berlin, Germany, on 14 January
2017. The ED simulation has been implemented at the
local skills laboratory since 2013 on a peer-led basis. The
main goal of this extensive, 8-hour night-shift simulation
training is to give students the opportunity to experience
being the person in charge of a patient’s healthcare. This
event takes place once a year, with about 35 students in
their final year of medical studies participating voluntarily.
Participants are recruited via newsletter and advertising
posters. The students act in randomly assigned teams of
five and selfselect into different roles (team leader, team
member, observer), which they switch during the night.
Simulated patients and high-fidelity simulators are used
to create realistic case simulations; simulated ral:liolc:gical
and laboratory services are provided. One of the main
goals of the event is to improve students’ confidence
in working with medical emergencies in an ED over
the course of the night.™ The simulation was awarded
a project prize by the German Association for Medical
Education in 2016.

Each student team has to work on six simulated cases.
Each case is siaffed with a case instructor who is respon-
sible for the simulation and provides technical help. Each
student team is accompanied by a group instructor who
guides the participants during the night. After every case,
multisource feedback is provided by simulated patients,
observing participants and case instructors. As part of
our study, in 2017 participants will additionally receive
a teamwork-based debriefing by the group instructors
after every case in one of two conditions (GAS method vs
GAS method plus TeamTAG). Additionally, the quality of
teamwork will be rated by trained raters throughout the
night.

As group instructors we will choose experienced peer
teachers who are advanced in their healthcare smudies
{medicine, nursing) and have completed emergency
room courses,/electives during their studies. Peer ieachers
at Charité Medical School Berlin frequently give courses
in clinical skills training and simulator-based emergency
medicine trainings for other medical studens. All group
insiructors undergo extensive feedback training during
their studies and are furthermore trained in working with
and debriefing groups.
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Development of the TeamTAG as cognitive aid

As a basis for this smdy, the TeamTAG guideline was
developed with the goal of having a feasible and time-ef-
ficient feedback instrument that supports teaching basic
teamwork skills to participants. Two investigators (JF and
FS) developed the TeamTAG guidelines that present
six common CRM principles,ﬂz' each accompanied by
the description of behavioural anchors. The six princi-
ples are (1) anticipate and plan ahead, (2) set priorites
dynamically, (3) call for help early, (4) exercise leader-
ship and followership, (5) communicate effectively and
(6) re-evaluate repeatedly. The TeamTAG can be found
in the online supplementary material. The CRM princi-
ples and their behavioural anchors were chosen to fit the
following criteria: (A) simulation setting, (B) presumed
skills of participants, (C) experience of instructors and
(D} observability. The tool was reviewed and adjusted
by an experienced group of anaesthesiologists, emer-
gency medicine physicians, simulation instructors and
peer tutors, all experienced in medical education and
simulation-based learning. In a prestudy, feasibility for
instructors was examined (see the Preliminary results
section) but not compared with an approach without the
TeamTAG.

Team performance measurement

To measure team performance, we will use the Team
Emergency Assessment Measure (TEAM)."” TEAM is
an assessment tool that has been applied to both clin-
ical and simulation environments.'” '**' It consists of 11
items belonging to the three subscales leadership, team-
work and task management. Example items are ‘the team
leader maintained a global perspective’ and ‘the team
prioritized tasks’, measured on a 5-point Likert scale of
0 (never) to 4 (always). Additionally, it includes an overall
rating of team performance (range: 1 (very poor perfor-
mance) 1o 10 (very good performance)).

As there was no German version of the TEAM, the
English version was translated into German using
elements of the TRAPD (translation, review, adjudication,
pretest, documentation) mva'Lhcrl:l::uh:ug}'.'12 Two investiga-
tors (JF and FS) independently translated the TEAM into
German in parallel, reviewed the resulis and consented to
one version, which was translated back by a native English
speaker. This new version was compared with the original
TEAM and agreed to by both investigators and the native
speaker. All steps of the translation were documented.

After the TEAM was translated, we developed a rater
training. The training involves three aspects that are
imporiant in preparation for accurately assessing a
certain behaviour or skill' **: a rater error training in which
information is provided on typical rating errors to raise
awareness and prevent T_hem,2 a performance dimension
fraining to teach raters about the targeted dimensions,
including definitions and videotaped examples, and’
a frame-of-reference fraining, in which videotaped exam-
ples showing teamwork of different levels of quality are
assessed and discussed. All raters who will be responsible

for TEAM ratings in this study (case instructors and addi-
tional raters) will receive this rater training and additional
written material on teamwork and how to use the TEAM.

Group instructors debriefing training

Before data collection, all group instructors will receive
a teamwork-related training and additional written mate-
rial with information about how to provide feedback and
conduct debriefings and about human factors in general
and CRM in particular, which is intended to serve as a
framework for discussing all teamwork aspects during
debriefing. The training will include videos showing
good and bad examples of teamwork and will be followed
by discussions about opportunities for debriefing in
these specific sitnations (adapted from frame of refer-
ence training"). After this training, which will be the
same for all group instructors, the instructors will be
randomly assigned, stratified by level of academic educa-
ton and additional professional training (eg. nurse or
paramedic), to the two conditions. The two groups will
receive separate instruction from the investigators: The
intervention group instructors will be told to discuss their
groups’ performance with the help of the TeamTAG and
to focus on each CRM principle of the TeamTAG at least
once during the first five cases (ie, one or two principles
per case) so that by case 6 all CRM principles will have
been debriefed and team performance during case 6 can
be compared between conditions. Furthermore, they
will be instructed to re-evaluate their previous focus of
debriefing afier each case if behaviour does not change
sufficiently from their perspective. The order of chosen
topics can be varied by the instructors and should be
adjusted to observed difficulties in teamwork during the
simulation. The control group instructors will be advised
to give feedback regarding whatever teamwork-related
aspect they deem important during the first five cases and
also 1o re-evaluate the teamwork if needed. Instructors
will stay with their groups during the whole simulation
event to guarantee coordinated, consistent and longitu-
dinal feedback.

Data collection

Upon arrival, every student participant will create an indi-
vidual anonymised study code, which will be entered on
every form and questionnaire and will allow us to link all
measuremenis during the course of the night Students
will also track their role (leader, member, observer) after
every case to allow subgroup analyses in relation to these
roles. Figure 1 depicts the data collection procedure
during the nightshifi simulation.

Before starting the simulation, all 35 participants
will be asked to fill in a first questionnaire that assesses
possible confounders such as demographic data, profes-
sional training as a nurse or paramedic, or any training
in teamwork/human factors. Next, smdents will be
randomly assigned to seven groups via a computer-gener
ated algorithm by the principal investigator. Four groups
will serve as intervention groups and the remaining three

4

Freytag J, et al BMJ Open 2017:7:2015977. doi:10.1136/bmjopen-2017-015977

42



Open Access

Debrief with
Teame e GEAS plus
training TeamTAG Noke CRM | - Evaluate
_ Group GAS T?thl?d principhe{s] = debriefing
instructors training T i discussed : method
MERECITIC
feezhack g Debriefwith
. 7] Gas zlone
training
" Fecoive |
i debriefing E
Consant, Intervention with GAS plus {
| Eroup TeamTAG -
demaographic Perfarm |  RemamSimmsiien H Evaluat : Evaluat
—srudents __}I and Eﬁseﬂn@ é:a:;m ____________ v:a:: ‘ -'_) :2::‘&
data Control \ Receive :
debriefing :
group :
with GAS I
Rate
Case TEAM rater performance
instructors training with TEAM
instrument

Figure 1 Study flow chart. CRM, crisis resource management; GAS, gather—-analyse—summarise; R, randomisation; TEAM,
Team Emergency Assessment Measure; TeamTAG, teamwork techniques analysis grid.

as controls; pardcipants will not know to which condi-
ton they are assigned. Afier randomisation, all groups
will gather separately and will be asked to discuss already
known principles of teamwork and 15 muliiplechoice
questions concerning emergency medicine. A recent
study showed that the results of such discussions are
linked to team performancc.":"

During the simulation, all groups will face six simulations
where teamwork will be measured and teamwork-related
feedback provided. All cases depict common emergency
situations where the participation of an emergency team
in the emergency room is needed. Table 1 gives a brief
overview of the diagnoses of the six cases and challenges
for teamwork.

During every case, team performance will be measured
using the TEAM,'” which will be filled in by the case
instructors and an addidonal rater. The two TEAM raters
will be blind to the debriefing condidon the group is
assigned to.

After every case (duration about 30min), debriefing
will start (duration about 20min) with checklist-based
feedback from the simulated patients (focus: communi-
cation skills, empathy) and the case instructors and peer
observers (focus: factual knowledge, diagnostic skills). As
the last part of the debriefing process, the teamwork-re-
lated debriefing will be conducted by the group instructor
using the GAS method with or without the support of the
TeamTAG depending on the experimental condition.
The strict timing, which will be centrally coordinated, will
be necessary for a smooth transition of groups between
cases and to ensure that the total length of the simulation
does not exceed 8 hours.

After the debriefing process, all group members will
be asked to evaluate the case and rate how helpful the
debriefing was. Group instructors in both conditions will
track the main topics of their teamwork debriefing in a
debriefing protocol as free text. After the simulation, the
content of these debriefing protocols will be clustered

Table 1 Teamwork-relevant cases presented in the emergency department simulation

Case Diagnosis Challenges for teamwork
1 Exacerbated COPD Conflict management, control of emotions due to challenging patient
2 Ischaemic stroke of middle cerebral artery Task management, communication with colleagues
Manage aphasic patient
3 STEMI and non-sustained ventricular Patient deterioration (cardiac arrhythmia) during care
tachycardia
4 Ventricular fibrillation following STEMI Team leadership, structured ACLS
b Haemodynamically unstable ruptured spleen Set priorities in evaluation and management, structured ATLS
3] Head laceration with ethanol intoxication Manage agitated patient

ACLS, advanced cardiac life support; ATLS, advanced trauma life support; COPD, chronic obstructive pulmonary disease; STEMI, ST-

elevation myocardial infarction.
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independently (JF and FS) and matched with CRM prin-
ciples.

Right after the last case of the night, all participants will
fill in a final evaluadon, which will ask them to list all the
CRM principles on which they received feedback during
the night. Participants will also evaluate the importance
of each principle for their future work as physicians and
provide a general evaluatdon of the night. Every group
tutor will rate the feasibility, efficiency and difficulty of
providing feedback.

Collected data

1. Baseline characteristics: The data collected on the first
questionnaire and the results of group and teamwork
discussions will be used to compare the baseline
between the wo condidons. Discussion results will
be analysed qualitatively to identify differences in
knowledge and in the personal definition of good
teamwork at the beginning of the night. Furthermore,
the TEAM scores during the first simulation case will
serve as the baseline team performance.

2. Hypothesis 1 measurement (team performance,
number of CRM principles discussed): Team
performance will be evaluated using the 11 items of the
translated TEAM. Similar to previous studies,”' 16414546
we will analyse ratings on the item level (range: 0—4),
the sum score (range: 0—44) and the overall rating per
case (range: 1-10). The number of CRM principles
discussed will be derived from two sources, namely,
the debriefing protocols of the group instructors and
participants.

3. H}rpothesis 2 measurement (imporiance, satisfaction,
helpfulness): Estimated relevance of the CRM
principles learnt and overall satisfaction with the
simuladon will be evaluated on 7-point Likert scales
at the end of the night. Helpfulness of the debriefing
from the different providers (simulated patient,
peer, case tutor and group tutor) will be rated by
participants after every case on a 7-point Likert scale.

4. Hypothesis 3 measurement (instructor ratings):
Debriefing evaluation of the group instructors
(feasibility, efficiency and difficulty of providing
feedback) will be measured with 7-point Likert scales
and as free-text answers at the end of the night.

5. Other measures: The general evaluation form will ask
participants to rate pleasure, quality of instruction
during the night, difficulty of cases and possibility of
applying knowledge on 7-point Likert scales.

All 7-point Likert scales will be coded from +3 (strongly
agree) to -3 (strongly disagree). All data collection forms will
be available upon request.

Analyses

Data will be analysed in SPS5 24 and R using descriptive,
inferential and explorative statistics. We conducted a
calculation of power for our primary research question
{team performance). Recent studies, reporting mainly
data for well-trained and experienced teams, showed

TEAM sum scores up o 40,11 Only one study provided
data for less experienced teams with a TEAM sum score
of 21.*" On the basis of these results and data from a
prestudy (see the TeamTAG section in the Preliminary
resulis section), we expect a TEAM sum score of about
20 for an untrained team and a score of around 40 for
teams that receive a training related to teamwork skills
and,/or have a lot of experience in this area. These scores

indicate a potental increase due to training of up to 20

points on the TEAM sum score. As a relevant training

effect for a single training event such as ours, we estimate

a gain in the TEAM sum score of 11 points (ie, one point

per item). Using the SD from the last published study on

the TEAM™ (SD=4.4) and 0<0.05, we have determined
that about six teams are needed to detect a significant

difference between the conditions with a power of 80%.

Missing data will be handled using pairwise deletion.

1. Baseline characteristics: Discussion results of the
intervention and control groups will be compared
using qualitative methods and confounder analysis
{demographics, prior training) with paramerric and
non-parametric tests for testing equivalence. The
TEAM scores (single items, sum score, overall score)
from the first simulation case will be compared
between conditions using muldlevel analyses to take
the hierarchical structure of data into account.

2. Analyses for hypothesis 1: The TEAM scores (single
items, sum score, overall score) of the intervention
and control groups during the sixth simulation
case will be compared using multilevel analyses.
The development of team performance over the six
cases will be analysed using descriptive statistics and
plotting ‘training curves’ for each team. The total
number of CRM principles discussed in the control
and interventon groups will be compared using a
multilevel model.

3. Analyses for hypothesis 2: The participants’ ratings of
the feedback’s helpfulness, the importance of CRM
principles and satisfaction with the debriefing will
be compared between the control and intervention
groups using muliilevel models.

4. Analyses for hypothesis 3 Group instructors’
evaluations of the insuument will be examined
descriptively.

5. Other measures: The general evaluation will be
examined in a descriptive way.

Methodological limitations

Group instructors will not be observed while debriefing
due to our limited labour force. Therefore, we cannot
be sure the quality of the debriefing will be comparable
among the seven participating groups. Further studies
could use debriefing assessment tools such as the Obser-
vatonal Structured Assessment of Debriefing tool,””
which might help distinguish between effects of overall
debriefing qualit}f and our appmach. In our study, we
will try to address this limitation with extensive group

6

Freytag J, et al. BMJ Open 2017.7:2015977. doi:10.1136/bmjopen-2017-015977

44



5 Open Access

instructor training to ensure an equal qualification level
regarding debriefing and with a randomisation of instruc-
tors to conditions. Furthermore, participants will be
asked to state the debriefing topic and to rate the quality
of debriefing after every simulation case, which will be
reported in later publications.

The time for debriefing after every case will be relatively
short due o the design of our 8-hour simulation, where
all groups will rotate through six cases to give participants
a broad overview of emergency medicine and application
areas of CRM. To use this limited time most productively,
we have added additional specifications for debriefing
{eg, focus on one or two principles per debriefing session,
as described in the Methods and analysis section) because
some instructors stated in a prestudy that the time allowed
for debriefing was not sufficient. Future studies could
investigate whether results of this study hold if all CRM
principles are being discussed and thus repeated after
every case/more often during the night and if time for
debriefing is longer. Until now, there has been no strong
evidence for the superiority of a longer del:lriefing.2l

The study will focus only on short-term effects of two
different debriefing approaches. Further research should
investigate long-term effects on performance or changes
in behaviour during clinical practice. A last limitation of
this study is that it is a single-centre study and so results
might be limited to local circumstances.

Data sharing statement

Data analysis will be conducted by the investigator’s team
{data management team). As the study is not a clinical
trial, a data-monitoring team is not needed. The anony-
mised full data set will be published together with the
journal publication or using the Dryad Data Repository
{Durham, NC, USA) as required by the journal's guide-
lines. Data will furthermore be stored in the local data
repository at Charité Medical School Berlin according to
the local guidelines for good scientific practice.

PRELIMINARY RESULTS

Validation of the German TEAM
The German TEAM can be found in the online supple-
mentary informaton. As a preliminary validadon,
interrater correlation was checked bewween three inves-
tigators (JF, FS and DE} and an external expert on two
videotaped resuscitations. Both resuscitations were simu-
lation based and had similar factual content; however, the
first simulation showed good teamwork and the second
intermediate teamwork performance. The videotaped
simulations were used for group instructors’ debriefing
training and for validity testing of the German TEAM.
Intraclass correlation coefficients were .99 for the first
resuscitation (mean TEAM score=42.3, 8[=1.3) and .85
for the second (mean TEAM score=22.5, 5[=3.1), which
indicates excellent interrater agreement. For this reason,
we consider the German TEAM a valid instument for
assessing team performance in our study.

TeamTAG

A first version of TeamTAG was used in a prestudy,
conducted during the previous simulated night shift in
2016. In this prestudy, all instructors (n=7) used TeamTAG
as part of their debriefing (similar to the GAS method
plus TeamTAG). They were asked to rate the feasibility
and helpfulness of the TeamTAG (7-point Likert scale; -3
to +3), as well as whether time for debriefing was suffi-
cient (7-point Likert scale; -3 (strongly insufficient) to +3
(strongly sufficient)). Furthermore, they could comment
on specific aspect of the guideline they liked or disliked
(free-text answers). All participants were asked how
useful the instructors’ feedback was (7-point Likert scale;
-3 to +3).

Instructors rated the guideline as a feasible ool { M=1.9,
SD=0.9) and stated that it helped them in both observing
and giving feedback to the participants of the simulation
(M, =23, SD=0.8; M__ =23, SD=0.5). They had a
heterogeneous view of the adequacy of time available for
debriefing (M=-0.3, SD=1.1) The participans declared
having found the feedback to be useful (M=1.7, SD=1.0).

ETHICS AND DISSEMINATION

The study protocol was designed according to the Decla-
ration of Helsinki, the local guidelines for good scientific
practice at Charité Medical School Berlin and the ICMJE
{International Commiuee of Medical Journal Editors)
recommendations. The study protocol was approved by
the institutional office for data protection (AZ 737/16)
and the ethics committee at Charité Medical School
Berlin (EA2/172/16).

All participants and instructors will provide informed
consent. Because the simulation is already a well-known
event at Charité Medical School Berlin and receives offi-
cial teaching funds, participants who refuse to take part
in our study must have a chance to participate neverthe-
less. In this case, students will not provide the informed
consent prior 1o randomisation; instead, an indepen—
dent ‘no-study’ group will then be created, which will be
identical to the control group but without any teamwork
debriefing. We do not expect any harm for students who
undergo the intervention.

Publication

Results of the study will be presented during national
and international scientific meetings. The authors aim to
publish all results in a peer-reviewed journal. Part of the
protocol has been previously presented at the Research
in Medical Education {RIME) conference in Duessel-
dorf, Germany, in March 2017 and was awarded the RIME
Award: Best Research Protocol 2017.*
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Abstract

attributable to rater status and other sources.

the total variance in scores.

Background: Training in teamwork behaviour improves technical resuscitation performance. However, its effect on
patient outcome is less clear, partly because teamwaork behaviour is difficult to measure. Furthermaore, it is unknown
who should evaluate it In clinical practice, experts are obliged to participate in resuscitation efforts and are thus
unavailable to assess tearmwork quality. Consequently, we sought to determine if raters with little dinical experience
and experts provide comparable evaluations of teamwork behaviour,

Methods: Movice and expert raters judged teamwaork behaviour during & emergency medicine simulations using
the Teamwork Emergency Assessment Measure (TEAM). Ratings of both groups were analysed descriptively and
compared with U and 1 tests. We used a mixed effects model to identify the proportion of variance in TEAM scores

Results: Twelve raters evaluated 7 teams rotating through 6 cases, for a total of 84 observations. We found no
significant difference between expert and novice ratings for 7 of the 11 itemns of the TEAM or in the sums of all
itern scores. Novices rated teamwork behaviour higher on 4 iterms and overall. Rater status accounted for 11.1% of

Conclusions: Experts’ and novices' ratings were similarly distributed, implying that raters with limited experience
can provide reliable data on teamwork behaviour, Novices show a consistent, but slightly more lenient rating
behaviour. Clinical studies and realife teams may thus employ novices using a structured observational tool such
as TEAM to inform their performance review and improvement.

Keywords: Tearmwork, Non-technical skills, Expert rater, Novice rater, Assessrment, Simulation, Resuscitation, Emergency

Background

Medical response to high-urgency situations such as
cardiac arrest remains an area for improvement. De-
pending on their initial rhythm, only around 25% of pa-
tients with out-of-hospital cardiac arrest achieve a
return of spontaneous circulation (ROSC) [1] and overall
survival to discharge lies around 10% [1, 2]. Survival of
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patients with in-hospital cardiac arrest is higher but still
only ranges between 18 and 44% [3, 4].

Besides technical skills such as providing an adequate
compression rate [5], working effectively together in a
team is connected to patient outcome in high-urgency
patients; therefore, training in teamwork behaviour' has
the potential to improve survival rates [6, 7]. For ex-
ample, different studies have shown that training in
communication and leadership skills in emergency re-
sponse teams leads to improved ROSC and survival rates
[8—10]. Findings from experimental investigations sug-
gest that improved team communication and leadership
result in a significant reduction of no-flow time and

© The Authan(g. 2019 Open Access This articke i distributed under the terme of the Creative Commons Attribution 4.0
International License (hitpf aeativecommans angMicerses by 4.0, which permits unestricted wse, distribution, and
reproduction in any medium, pravided you give appropriate aedit to the original authorls) and the source provide a link 1o

the Creative Commons licerse, and indicate if changes were made The Creative Commons Public Domain Dedication waiver
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better chest compressions in simulated resuscitations
[6]. Further, working together in teams can improve
diagnostic accuracy in emergency medicine [11, 12] as
well as the quality of care compared to individual per-
formance [13].

However, what exactly good teamwork behavior is de-
pends on the task and the role of each team member.
Generic rules such as “always practice closed-loop com-
munication” are misleading. For example, one study
demonstrated that dosed-loop communication initiated
by the team leader was associated with a shorter time
until the correct diagnosis in an emergency trauma case
was made, whereas the same communication pattern de-
layed the decision significanty if initiated by team mem-
bers [14]. Also, directive leadership behaviour improved
technical performance at the beginning of a resuscita-
tion, whereas in later phases, structuring inquiry (e.g,
“What do we know about the patient?”) was associated
with improved technical performance [6]. These findings
show the need to collect more data on teamwork, inves-
tigate specific individual and team behaviours, and take
differences in task requirements into account. For this,
we need valid and reliable tools with known properties
that are feasible to use in real-world settings.

In addition, evidence of improvements in patient out-
comes as a result of teamwork interventions is limited to
a few small studies, many conducted in simulated
emergencies [6, 7, 9, 10, 14]. Fung and colleagues sug-
gested that the lack of an objective measurement of
team performance is one reason for this paucity of data
[15]. While, for example, chest compression rate and
depth can nowadays be tracked [16] and technical solu-
tions help to document resuscitations more precisely
[17], teamwork behaviour is not easy to measure, espe-
cially in real-life situations. Such information is not only
relevant for research but also a necessity to inform
debriefings after resuscitation [18]. Consequently, differ-
ent tools have been developed to assess individuals
non-technical skills as well as teamwork behaviour.
Some of these tools are designed for a specific context,
such as the anaesthetists’ non-technical skills behav-
ioural marker system (ANTS) [19] or the observational
teamwork assessment for surgery (OTAS) [20-22],
others are intended to be more generic and independent
of context, such as the Ottawa Crisis Resource Manage-
ment Global Rating Seale [23].

One tool that has been used in both, real-life emer-
gency situations and simulated emergency trainings, is
the Teamwork Emergency Assessment Measure (TEAM)
[24-27]. The TEAM was designed for emergency teams
and is particularly used to assess teamwork, leadership
and task-management in high emergency situations such
as resuscitation [24, 28]. Since its development in 2010,
TEAM has been translated into French [29], Hebrew
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and Chinese (available via www.medicalemergencyteam.-
com) and was used in real-life resuscitations [27, 28] and
simulated environments (in centre and in situ) [24,
29-32], observing teams of medical and nursing stu-
dents [24, 31], nurses and physicians [25, 27, 30, 32]
and comparing teams with different levels of expertise
[29] (see Additional file 1). A recent review showed
that it has good psychometric properties in contrast
to most other tools for assessing teamwork [18]. In
summary, the TEAM has been used in several clinical
and simulation-based studies with comparable outcomes
(see Additional file 1) and is the most appropriate and
valid tool for evaluating teamwork in emergency teams.

While some of the tools meant to quantify non-tech-
nical skills and teamwork are intended to be used as
self-assessments by practitioners and trainees alike (such
as the Mayo High Performance Teamwork Scale [33]),
all of the above were designed for raters external to the
team they observe [19, 22-24]. Selecting raters to use
such instruments is as important as having a suitable
tool, yet empirical evidence is lacking conceming whe
should or can assess teamwork behaviour in real or
simulated emergencies. During training, it is usually the
task of expert raters to assess and debrief participants
[34, 35]. Until now, most studies using TEAM have
employed expert raters; in two cases TEAM was used as
a self-rating instrument for experienced team members
as logistical reasons did not allow to recruit external ob-
servers [25, 27]. In practice, it might be even harder to
find raters with high clinical expertise to observe resus-
citations because of their high workload. Such an ap-
proach would also lead to ethical problems—espedially
given that expert raters would have broad knowledge of
teamwork and emergency medicine (making them ex-
pert in this area), but would be restricted to observing.
A possible solution for this methodological, ethical, and
organisational dilemma could be the use of less clinically
experienced raters, such as residents [36, 37].

We therefore compared novices with expert raters, as
these two groups represent the widest difference in clin-
ically relevant qualifications. Both types of raters evalu-
ated teamwork behaviour In an extensive emergency
simulation using TEAM. Equivalent ratings from the
two rater groups would justify ratings by less experi-
enced raters such as residents also in the workplace.

Methods

Description and translation of TEAM

TEAM consists of 11 items measuring the teamwork be-
haviour of medical teams dealing with critical situations
[24]. The tool consists of 3 subscales: leadership (2
items), teamwork (7 items), and task management (2
items); all items are rated on a Likert scale of 0 {never/
hardly ever) to 4 (always/nearly always). A sum score
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with a possible range of 0 to 44 can be calculated. Fur-
thermore, overall performance is rated on a global rating
scale (GRS) of 1 to 10.

Although a French version exists that confirmed the
excellent psychometric properties of the original English
version [29], a German version of TEAM is currently
lacking. Addressing this gap, our research team has
translated TEAM into German using the TRAPD (trans-
lation, review, adjudication, pre-testing, and documenta-
tion) methodology [38]. A pre-study was conducted to
check feasibility and inter-rater reliability and showed
excellent results [39].

Data collection

The study was conducted at Charité Universitidtsmedi-
zin Berlin during an emergency medicine simulation
for final year medical students [40]. During this simu-
lation, the participants acted in teams of 5 and ro-
tated through 6 cases (duration about 30min each;
see Additional file 2: Table 52 for details), in which
they had to deal with common emergencies including
1 resuscitation. These cases were realized using simu-
lated patients and high-fidelity simulation. For every
case, 1 participant was declared team leader; leader-
ship changed after every case.

Raters

Two groups of raters, one of novices and one of content
experts, evaluated participants’ teamwork behaviour
throughout each case. For the novice raters, we recruited
tutors from the local skills lab. They were advanced
medical students with emergency medicine experience
through clinical electives and/or work experience as
paramedics. Expert raters were physicians and psycholo-
gists with broad experience in emergency medicine and/
or expertise in rating and teaching teamwork during
simulation-based education.

Before using TEAM to rate the teams’ performances,
all raters participated in a rater training [39], which
incdluded an introduction to TEAM as a rating instru-
ment, information about common rating errors, and a
frame-of-reference training, where videotaped examples
of teamwork were rated and discussed [41]. Novice and
expert raters received the same training (same length,
content etc.) Due to organisational reasons they were
trained on two separate occasions. Neither the experts
nor the novices had any previous experience with the
TEAM as a rating instrument.

Data analysis

Data were analysed using SPSS 24 (Armonk, NY: IBM
Corp.) and R, version 3.4.4 [42]. Different descriptive
measures were computed separately for the ratings given
by novice and expert raters. To analyse the measurement
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properties of the German version of TEAM, we calculated
its” reliability (Cronbach’s «), the item-total-score correl-
ation and the correlation of all items plus the sum score
with the GRS. As a measure of construct validity, we con-
ducted a principal component analysis (PCA). In a PCA,
the objective is to analyse the structure of a data set and
to combine a number of observed variables into one fac-
tor. We used PCA to check if the items of the German
TEAM could be combined into one general component,
as was shown for the original version [24, 25]. All results
were compared to other studies using TEAM.

Inter-rater reliability between novice and expert raters
was calculated (using the intraclass correlation coeffi-
cient, ICC) to explore the agreement between these 2
groups. Additionally, their ratings were compared using
Mann-Whitney I/ tests (for the 11 single items) and ¢
tests (for the sum score and GRS).

We used a mixed effects model to identify the sources
of variance in TEAM' global rating scale [43]. Mixed ef-
fects models are an extension of the ordinary linear re-
gression model that allow for estimating one or more
variance components (i.e., random effects) in addition to
the residual variance term. In this study, we estimated
variance components for teams, raters, rater status (nov-
ice or expert), cases, and their first-order interactions.

Results

Participants

During our 8-h emergency simulation, 12 raters (6 nov-
ices, 6 experts) rated 7 teams rotating through 6 cases
each, resulting in 84 observations in total. Each team
consisted of 5 participants; their age ranged between 22
and 46 years (mean [M] =265 years, standard deviation
[SD] =4); 46.9% of the participants were female. The
team’s performance was rated by pairs of independent
observers, 1 expert and 1 novice rater. Both of them
were present while the simulation took place and inde-
pendently rated the teamwork right afterwards. The nov-
ice raters had between 1 and 2.5years of experience in
student-assisted learning; experts (5 physicians and 1
psychologist) had 3.5 to 10 years of experience in teach-
ing, including facilitating medical simulations. Further
information about the characteristics of the novice and
expert raters can be found in Table 1.

Measurement properties of the German translated

version of TEAM

We report the measurement properties of the German
translated version of TEAM in terms of (1) reliability,
(2) item-total-score correlation (ie., discrimination) and
(3) correlation of individual items and the TEAM sum
score to the GRS. First, reliability of TEAM instrument—
calculated separately for each case and independently for
expert and novice raters—had a mean Cronbach’s alpha of
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Table 1 Characteristics of the novice and expert raters

Novice raters Expert ratars

M 6 6

Age (Median) 20-33 (24) 26-37 (31.5)

Profession medical students 5 medical doctors, 1 psychologist

Teaching 1-25years [student- 35 to 10years (clinical teaching,

axperience assistad learning) simulation-based education,
faculty development)

Clinical Intarnships (up to 1-10years

axpertise 120 days)

0.89 (SD=0.06) for experts and a mean Cronbach’s alpha
of 0.85 (5D =019) for novices. For expert raters, the
lowest alpha was .79; it was observed on the case 1 (dis-
cipline: surgery). The lowest alpha for novice raters was
observed on case 5 (discipline: anaesthesia; alpha = .47).
Second, items generally were positively correlated to the
sum score of TEAM with a mean of M_qrexperts) = 071
(SD=0.09) and M rinovices =069 (SD=0.17) across
cases for experts and novices, respectively. Third, the
TEAM items and the GRS score showed a mean correl-
ation of Morrexperts) =071 (SD=0.10) for experts and
M, omnovices) = 0.69 (SD=0.17) for novices. Finally, across
stations, the TEAM sum score and the GRS were signifi-
cantly correlated both for experts (r=0.90, p <.001) and
novices (r=0.85, p<.001). All psychometric properties
mentioned above are compared to the data of studies with
the English and French versions of TEAM in Table 2.

Combination of TEAM items into a general component

We conducted the PCA to examine to which degree
the individual TEAM items could be combined into a
general component. Prior to conducting the PCA, the
adequacy of the observed correlation matrix was eval-
uated using three related statistical criteria. First, the
range of inter-item correlations was range,ccpert =
0.29-0.73 and range,...ices =0.42-0.75. Second, the
Kaiser—Meyer—Olkin (KMO) criterion summarizes in
how far the obtained variables share unique variance
and thus might be combined into a single factor. The
KMO was 0.87 for both, expert and novice ratings
and therefore exceeded the commonly recommended
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cut-off of 0.6. Third, the Bartlett test of sphericity
which was statistically significant (p < 0.001) for both
experts and novices, suggesting that the correlation
matrix is different from an identity matrix (that is, a
correlation matrix where only auto-correlations in the
diagonal are of substantial magnitude).

Taken together, the items in the TEAM were sulffi-
ciently inter-related to conduct a PCA. The according
PCA was, again, conducted independently for novice
and expert raters. Results were largely comparable since
for both, experts and novices, a dominant first compo-
nent was found which explained 59 and 65% of the ob-
served variance, respectively.

Agreement between expert- and novice-based ratings
We calculated the inter-rater reliability between novice
and expert raters based on the sum scores of TEAM and
found an intra-class correlation of ICC = 0.66 (considered
moderate [44] to good [45]). This resemblance between
the ratings is also reflected by the finding that expert and
novice raters agreed by and large on the lowest and best
performing groups for a given case. That is, ratings of ex-
perts and novices were consistent in 75% of cases when
comparing which teams received the 2 highest and the 2
lowest scores for each case. Furthermore, ratings of ex-
perts and novices were compared on the item-level using
L-tests. On 7 of 11 items, no statistically significant differ-
ence was found (items 1, 4, 5, 6, 7, 9, 11; p=.06—-.86).
However, on 4 of 11 items novices rated teamwork behav-
iour higher than experts on average (items 2, 3, 8, 10; p
=.04—.004). Furthermore, across cases, we found no statis-
tically significant difference between the TEAM sum scores
for experts and novices (M gvice =304, 8D\ vice = 8.6, M,
pert = 27.0, SDrpers = 8.4; £(82) = 1.8, p = 08). Finally, for the
GRS, we found that novices (Mupoice=7.1, SDpovice = 1.6)
gave generally higher ratings as compared to experts (M,
pert = 6.1, 8D e = 1.9). This difference was statistically sig-
nificant with £(82) = 2.5 and p=.02.

Further details on the differences and similarities in rat-
ings between experts and novices are given in Fig. 1 which
shows the distribution of standardised GRS and TEAM
sum scores. Furthermore, the ranges and quartiles of all
items (Additional file 3: Table 53) and the mean sum and

Table 2 Psychometric properties of the German, the French, and the original English version of TEAM [24, 25, 27, 29-32, 54]

Measuremeant English TEAM French TEAM German TEAM expert rating Garman TEAM naovice rating
Cronbach's a 0.78-097 095 093 094

Inter-item correlation 0.21-1 047-0.85 0.29-073 042-075

(Spearman’s rho)

[tern—total correlation 0.42-094 064-0.79 0.59-081 038-081

Inter-rater reliability® (1CC) 0.60-094 093 066

Legend: TEAM Teamwork Emergency Assessment Measure, ICC intraclass correlation coefficient
*The French and German ICC represent the ICC of the sum score; the range for the ICC in studies with the original TEAM contains both ICC of sum scores and

mean ICC of the 11 TEAM items
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z-standardised TEAM scores
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Type of rating and rater status

Fig. 1 Distribution of standardised global rating scale (GRS) and sum scores of navice and expert raters. Lagend: Quartiles 1 and 2 are shown as
dark grey boxes, quartiles 3 and 4 as light grey boxes; Whiskers show the minimum and maximum scores. TEAM = Teamwork Emergency

Assessment Measure
L.

Expert GRS

Movice Sum Expert Sum

mean GRS scores as percentages (Additional file 4 Table
54) are provided in the additional files.

Sources of variation of TEAM scores across stations

In order to explain the variations in the overall TEAM
scores (GRS) across cases, we estimated variance com-
ponents and their relative contributions to the total
variance using a mixed effects model (Table 3). The
model includes random effects for raters, cases,
rater-status (i.e., expert/novice) and team (ie., the par-
ticular group of participants). We furthermore esti-
mated random effects for the first-order interactions
between cases and teams (do teams perform consist-
ently across cases?) and cases and rater status (do ex-
perts and novices differ in their evaluations dependent
on particular cases?). In total, the model accounted for
71.8% of the observed variance. We found that rater
status (expert vs. novice) accounted for 11.1% of the
variance of scores while the cases explained 10.2% of
the variance. Teams accounted for 2.6% percent of
variation in the observed scores while the biggest
source of variance was the interaction of cases and
teams with 43.2%, indicating that differences in scores
were related to teams performing inconsistently across
the different cases.

Discussion

The aim of this study was to compare the rating be-
haviour of novices and experts using the previously
established TEAM instrument. The idea to use novices
to assess practical skills is not new, though we could
find only one study that examined novices evaluating
teamwork behaviour. Sevdalis and colleagues compared

the ratings of an expert/expert pair to a novice/expert
pair assessing surgical teamwork to analyse the con-
struct validity of the OTAS tool and found relevant
differences between expert and novice ratings on al-
most all items [46]. It is important to notice, though,
that in this study the terms expert and novice referred
to their experience in using the tool and both the two
participating experts and the movice had backgrounds
in psychology/human factors and were experienced in
observing and rating behaviour. The present study, in
contrast, defines experts and novices in terms of their
content knowledge about teamwork and their practical
experience. None of our raters had used TEAM before
and they all received a rater training before the
simulation.

When focussing on novice raters as raters who are
new to or rather unexperienced in a certain area, the lit-
erature is generally in favour of novices (even students)

Table 3 Variance Components and Percentage of Variance for
TEAM scores

Source of variance

Variance component Percentage of variance

Rater® 0048 132
Rater status® 0397 1105
Team 0094 262
Case 0366 1017
Case x Team 1553 4321
Rater Status 0123 342
x (ase

Residual 1014 2821

Legend: TEAM Teamwork Emergency Assessment Measure
*Rater includes all 12 raters. "Rater status includes the categories ‘novice rater
and 'expert rater'
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being able to assess their peers, although the similarity
to expert ratings depends on what skill is assessed and
how [47-49]. A recent review [50] on peer assessment
in objective structured clinical examinations (OSCE)
showed that students awarded consistently higher rat-
ings to their peers than experts when using GRS. Our
study shows similar results when comparing the GRS
scores, as novices rated the team behaviour on average
1 point higher than experts did (scale: 1-10); on some
single items, novices rated significantly higher than ex-
perts, whereas in the majority of cases, including the
sum score of all 11 items, there was no difference. In
this context it is important to notice the large positive
correlation of the sum scores of experts and novices as
well as their consistent ratings of the best and worst
performances, which justify the use of novices as
raters. Novice raters’ tendency to give better ratings
might be explained by a lower standard against which
they compared their peers. Looking from the experts’
point of view, it seems plausible that experts are
more aware of potentially serious consequences of
bad teamwork because of their work experience and
therefore rated more strictly [51, 52]. The moderate
ICC of 0.66 is connected to this discrepancy between
experts and novices. The 2 rater groups seem to have
had different baselines, although all raters underwent
the same training and anchoring process. The results
of the z standardization of GRS and TEAM sum
scores endorse this theory of different baselines.
When each rater group's scores were transformed to
have a mean of 0 and a standard deviation of 1, their
ratings showed very similar distribution patterns
(similar range/interquartile range).

Unexpectedly, the teams themselves were only a
very small source of the variance in performance
scores (3%) and the interaction of team and case was
by far the biggest source of variance (43%). In other
words, a team’s performance varied considerably be-
tween the different cases and there were no superb or
incapable teams per se. Importantly, since team lead-
ership changed across cases, the 2 components (team
leader and case) are confounded and thus cannot be
disentangled statistically. Therefore, it is not clear
whether variation in performances across cases is at-
tributable to team leadership or the specific task. Still,
our results suggest that a team’s performance depends
to a considerable extent on the specifics of the situ-
ation. This finding has several implications. Firstly, it
suggests that the recurrent finding of context specifi-
city in clinical decision making of the individual is
also relevant at the team level [53]. Secondly, this
further emphasises the importance of a close investi-
gation of what teamwork behaviour by whom is bene-
ficial in exactly what situation—as opposed to generic
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rules meant to characterize ‘good teamwork’. Future
training should abandon statements such as ‘practice
closed-loop communication’ in favour of advice such
as ‘During the first minutes of cardiopulmonary re-
suscitation (CPR), closed-loop communication initi-
ated by the directive team leader is beneficial for CPR
quality” [6, 14]. Thirdly, TEAM scores should not be
compared across different cases. The absence of clear
benchmarks and the uncertain connection of TEAM
scores and objective criteria remain problems when
rating teams [25, 27].

As a beneficial side effect of our study, we validated
the German version of TEAM, which is now available
for clinical use (Additional file 5: Figure $1). Psychomet-
ric properties were comparable to those of the English
original [24, 25, 27, 30, 31, 54] and the French transla-
tion [29]. The internal consistency for both novice and
expert ratings was very high, the inter-rater reliability
can be considered moderate, and the PCA confirmed 1
underlying component.

This study has several limitations. Firstly, it was a
single-centre study with a small sample size. Although
our number of observations (84) is similar to or even
higher than in other studies using TEAM, our results
are based on the ratings of 6 novice and 6 expert raters
and each scenario was only observed by 2 of those 12
raters. Secondly, this study took place in a simulation
setting that included different cases and changing team
structure. Thirdly, our raters only observed monoprofes-
sional teams, consisting of final year medical students.
As our study is one of the first to use TEAM outside of
typical resuscitation scenarios, more research is needed
to decide how suitable TEAM is for rating teamwork be-
haviour in situations other than CPR and how to set per-
formance benchmarks.

Conclusions

Teamwork behaviour can be assessed with TEAM by
novices just as well as by clinically experienced raters,
though novices tend to rate slightly more lenient than
experts do. Further research is needed on the compar-
ability of TEAM scores across different cases. The Ger-
man TEAM is a reliable and valid tool to assess
teamwork performance that closes a gap in measuring
teamwork behaviour in German-speaking countries.

Endnotes

n this study, we use the term teamwork behaviour
to highlight that we treat non-technical skills such as
communication and leadership skills at the team level
as a kind of ‘collective’ non-technical skill; we did not
evaluate team members individually.
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and mode of simulation of all 6 cases used in the study). (DOCK 17 kb)
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nevice and expert raters, (DOCX 27 kh)

Additional file 4: Means and standard deviations of sum and global
rating scale scores and mean scores as percentages (DOCK 14 kh)
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Background: Working in ad hoc teams in a health care environment is frequent but a challenging and complex
undertaking. One way for teams to refine their teamwork could be through post-resuscitation reflection and
debriefing. However, this would require that teams have insight into the quality of their teamwork. This study
investigates (1) the accuracy of the self-monitoring of ad hoc resuscitation teams and their leaders relative to
external observations of their teamwork and (2) the relationship of team self-monitoring and external observations

Methods: We conducted a quantitative observational study of real-world ad hoc interprofessional teams responding to a
simulated cardiac arrest in an emergency room. Teams consisting of residents, consultants, and nurses were confronted
with an unexpected, simulated, standardized cardiac arrest situation. Their teamwork was videotaped to allow for
subsequent external evaluation on the team emergency assessment measure (TEAM) checklist. In addition, objective
performance measures such as time to defibrillation were collected. All participants completed a demographic
questionnaire prior to the simulation and a questionnaire tapping their perceptions of teamwork directly after it.

Results: 22 teams consisting of 115 health care professionals showed highly variable performance. All performance
measures intercorrelated significantly, with the exception of team leaders’ evaluations of teamwaork, which were not
related to any other measures. Neither team size nor curmulative experience were correlated with any measures, but
teamns led by younger leaders performed better than those led by older ones.

Conclusion: Team members seem to have better insight into their team’s teamwork than team leaders. As a practical
consequence, the decision to debrief and the debriefing itself after a resuscitation should be informed by team members,

Keywords: Debriefing, Self-monitoring, Ad hoc teams, Resuscitation, Emergency medicine, Postgraduate education,

Background

Health care is an inherently social and interdisciplinary
endeavour [1, 2]. Take, for example, emergency depart-
ments, where teams of physicians, nurses, and other
health care professionals are routinely involved in
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diagnosing and treating patients [1, 3-5]. Collaboration is
particularly common in high-urgency situations such as
trauma calls or resuscitations that are typically handled by
ad hoc teams (also known as health care action teams or
interdisciplinary action teams): interdisciplinary, interpro-
fessional groups of specialized individuals who work to-
gether in a highly dynamic, complex situation and under
time pressure to accomplish critical tasks [6].

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 Intemational Licensa,
which permits e, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article’s Creative Commaons
licence, unless indicated otherwise in a credit line to the material. f material is not included in the article’s Creative Commons
licence and your intended use is not permnitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit httpe/icreativecomman s.ory/lice nses/by4 0/
The Creative Commans Public Domain Dedication watver (httpe//creativecommons.arg/publicdomain/zenodl ) applies to the
data made available in this articke, unless othenwise stated in a credit line to the data.
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Especially when time is of the essence, the perform-
ance of such teams critically depends on the quality of
their teamwork [7, 8], a term that summarizes “hunian
Jactors and non-technical skills (leadership, [collabor-
ation], situation awareness and decision making)” [9).
For example, Tiel and colleagues demonstrated that pa-
tient mortality is lower when trauma teams are trained
in teamwork, including leadership skills [10]. One such
key skill is coordination [11] or, as Marks et al. put it
“orchestrating the sequence and the timing of inter-
dependent actions” [12]. Teamwork in emergencies fur-
thermore should be contextually adaptive and account
for team member experience and patient acuity [13].

Obviously, developing such teamwork requires train-
ing and experience of team members. Plenty of publica-
tions describe simulations to address this need (e.g.,
[14—19]). A few common training aims, often referred to
as crew (or crisis) resource management principles
(CRM), are widely adopted [20]. This conception impli-
citly assumes that training CRM in one ad-hoc team
transfers to other ad-hoc teams, in which trainees may
find themselves in the next day. However, it remains un-
clear if that is indeed the case and whether and how the
skills acquired in such simulations translate to clinical
practice [21, 22]. Fortunately, clinical practice itself also
provides many opportunities for real-life ad hoc teams
to (further) refine their teamwork.

Several tools have been developed to guide feedback to
resuscitation teams by scaffolding outside observations
(e.g, [9, 23-26]). Post-resuscitation debriefing, for ex-
ample, is recommended by resuscitation guidelines inter-
nationally [27, 28] to facilitate reflection upon teamwork
as it has been associated with important patient out-
comes such as return of spontaneous circulation and
shorter no-flow time in cardiopulmonary resuscitation.
The use of these tools requires, however, the presence of
a trained observer, which poses both logistical and eth-
ical challenges [29]. Because ad hoc teams, particularly
in emergency care, can be needed at any time of any
day, it is rarely feasible to ensure an observer’s availabil-
ity. In addition, it may be ethically unacceptable to limit
the outside expert’s role to observation if the team’s per-
formance is less than optimal. Yet, prompt intervention
would disturb both the team and the collection of infor-
mation for later debriefing,

One potential way to inform debriefing that circumvents
the logistical and ethical challenges is self-reflection of the
team. Several frameworks for post-resuscitation debriefing
exploit that possibility in that they ask the team to reflect
on “what went well” and “what could have gone better”,
for example [30]. Almost all emergency rooms (ERs) es-
tablish the role of a physician team leader in their resusci-
tation teams. Because most post-resuscitation debriefing
frameworks call upon the physician team leader or the
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charge nurse to decide whether a debrief is required at all
(e.g. [30]), the accuracy of their self-evaluation is of critical
importance.

But are teams and their leaders accurate judges of their
own teamwork? The literature on self-monitoring suggests
so [31-33]: Although it has repeatedly been demonstrated
that individuals’ selfrassessments are low in accuracy [34, 35],
people are much better able to selfmonitor their current
performance [31-33]. The key conceptual difference be-
tween self-assessment and self-monitoring is the timing of
introspection: self-assessment refers to a summative overall
self-evaluation detached from a single event (eg, “How
good a team player am 1?”), whereas self-monitoring is a
moment-to-moment assessment of one’s performance in a
given situation (e.g., “How is our teamwork in this particular
case?”) [35]. Selfmonitoring is what prompts people to
“slow down when they should” [33] or to look up a word
when they are unsure of its meaning [35]. Self-reflection of
team members before debriefing within a team directly after
attending to a patient is conceptually closer to self
monitoring than to self-assessment, because the reflection
refers to a single event in close temporal proximity, not an
overall and aggregate judgement.

Based on this conception of self-monitoring, we
hypothesize that the ability of both teams and their
physician team leaders to self-monitor their teamwork
directly after attending to a patient will be comparable
to that of an external observer. Such an ability would
justify relying on team members’ self-monitoring to in-
form debriefing in real-life teams, thus easing and facili-
tating training on the job.

Furthermore, we investigated whether the ratings of
teamwork provided by the team, their leader and exter-
nal observers are related to objective measures of per-
formance that directly affect patient outcomes [36]. It is
arguably only clinically meaningful and defensible to as-
sess how well teams and their physician team leaders
self-monitor their teamwork relative to an external ob-
server if either the team’s self-monitoring judgements or
the external observations are related to direct patient
outcomes or measures of proven importance.

This quantitative observational study therefore ad-
dressed the following research questions:

1) How accurately do ad hoc resuscitation teams and
their leaders monitor their teamwork relative to
external observers’ rating of that teamwork?

How do teams’ self-monitoring judgements and ex-
ternal observations of their teamwork relate to ob-
jective performance measures?

Methods
We conducted an observational study of real-world in-
terprofessional ad hoc teams responding to a simulated
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cardiac arrest in the emergency room. Teams consisting
of residents, consultants, and nurses were confronted
with an unexpected, simulated, standardized cardiac ar-
rest situation. Their performance was videotaped to
allow for subsequent external evaluation.

Participants, teams, and setting

The study was conducted in a single university-affiliated
level-one emergency room attending to more than
50.000 patients annually [37]. All medical staff in this
emergency room are required to attend an interprofes-
sional training day once annually. Staff were assigned to
one of 10 training days in their work schedule; participa-
tion in these trainings is mandatory. On each training
day, participants were randomly assigned to one of four
teams. Randomization was stratified by profession, so
that each team included at least one physician and two
nurses. Depending on training day attendance, some
teams were larger than others, including up to three
physicians and up to four nurses, reflecting team vari-
ability in clinical practice. The most senior physician in
each team was appointed physician team leader upon
team formation, reflecting clinical practice in the emer-
gency room under investigation. We did not provide fur-
ther instructions to physician team leaders because all
participating physicians regularly fulfil this role in clin-
ical practice, and we did not expect any differences be-
tween that role in the simulation and clinical practice.

Simulation and scenario

The 2019 interprofessional training day was designed as
a rotation through different skill stations, where partici-
pants trained techniques such as intraosseous access, pa-
tient positioning, and paediatric advanced life support.
Further, all teams rotated to a simulated shift handover,
which was unexpectedly interrupted by a resuscitation
call. Teams attended to this call as they would in reality;
the simulation was designed as an in situ simulation and
took place in the actual resuscitation bay of the emer-
gency room.

In this resuscitation bay, teams were confronted with
an elderly male patient on a stretcher (represented by a
Leardal SimMan Essential patient simulator) under on-
going cardiopulmonary resuscitation (CPR) by para-
medics. The paramedics reported to have initially
encountered a conscious but helpless elderly patient in his
flat. There, the patient was found lying on the {loor after
tripping over the sill of his balcony door 10h previously
when coming back inside from his balcony. He had fallen
from body height and had been unable to alert help for an
extended period up until a neighbour heard his calls for
help. The paramedics found a hemodynamically stable,
cold, and conscious but disoriented patient. They estab-
lished a venous access and transferred the patient to the
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hospital uneventfully. Upon transfer from the ambulance
onto the hospital's stretcher just minutes prior, the patient
had gone into cardiac arrest. The paramedics started CPR
and alerted the ER staff.

The paramedics repeatedly informed the attending ER
team that the patient’s flat was cold due to the balcony
door being open and that the patient was cold as well.
Paramedics had just initiated basic life support. Neither
medication nor defibrillation had yet been provided. The
paramedics then handed over resuscitation to the ERs
team but remained available for further questions while
they reorganized their material.

The patient simulator was programmed to exhibit a
ventricular fibrillation and not to respond to resuscita-
tive measures for the next 15 min. The team worked in
its familiar emergency room environment with its usual
equipment. Whenever a team member providing chest
compressions was replaced, a study aid quietly informed
them that their hands felt very cold due to the patient’s
cold chest. This was necessary because the simulator
used could not be programmed to feel cold. Whenever a
team decided to take the patient’s temperature, the
thermometer read 27.3 °C independent of the location of
temperature measurement. All phone calls made by the
team were answered by the simulation instructors, who
responded with a standard response indicating that they
would be available within a few minutes.

The simulation was wound up as soon as teams called
for extracorporeal circulation (ECC) due to hypothermic
arrest or ended by the instructor if teams had clearly
made a different diagnosis of why the patient was in ar-
rest. The whole scenario was intended to last less than
15 min. It was followed by a structured, instructor-led
debriefing that included reviewing a video recording of
the simulation. The debriefing was led by a trained and
experienced simulation instructor and revolved around
teamwork, team leadership and non-technical skills.

Ethics

The ethics committee of the Canton of Bern deemed the
study to be exempt from full ethical review (Req-2017-
00968) because it did not involve patients. All partici-
pants provided written informed consent for their data
to be used in the study. As an incentive, all participants
were entered in a lottery for the chance to win one of
two tablet computers.

Measurement instruments

Participant questionnaires

All participants in the study independently answered two
custom questionnaires. The first, which was administered
prior to the simulation scenario, collected demographic
information, data on participants’ professional experience,
and information on their degree of acquaintance with the
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other team members. The data were collected as
numbers (age, experience), through checkboxes (gen-
der), or on 5-point Likert scales (acquaintance). The
second questionnaire was completed individually dir-
ectly after the simulation scenario and before debrief-
ing. It assessed participants’ familiarity with the task
(“Please indicate how familiar you are with cases like the
one you just encountered.”) and their self-monitoring of
their team'’s teamwork (“Please indicate your confidence
in the quality of your team’s teamwork.”) on 5-point Likert
scales. It is generally assumed that the resulting confi-
dence scores reflect the metacognitive feeling of fluency
(see e.g., [38]). Previous research has shown a close rela-
tion of such confidence scores to other indicators of flu-
ency, such as response time on diagnostic tasks [39] and
the likelihood to change an initial answer in multiple
choice tests [40].

Video recordings and choice of rating tool

All simulations were video recorded and recordings were
evaluated by independent external expert raters, one
psychologist (JF) and one emergency physician (WEH),
both with extensive simulation experience. Their ratings
were recorded using the Team Emergency Assessment
Measure (TEAM) checklist [9]. In contrast to many
other tools assessing teamwork (for a review, see [41]),
TEAM has good psychometric properties such as a high
interrater-reliability and high inter-item correlations, has
been validated in several translated versions, and used in
a variety of simulated and real-life resuscitation scenar-
ios (for a review see [29]). In this study, we employed
the German translation of the instrument [29].

The TEAM checklist is a previously published instru-
ment that consists of 11 items assessing teamwork of
medical emergency teams on 3 subscales: leadership (2
items), teamwork (7 items), and task management (2
items). All items are rated on a Likert scale ranging from
0 (never/hardly ever) to 4 (always/nearly always) and
are then summarized into a sum score ranging between
0 and 44. In addition, teamwork is rated on a global rat-
ing scale (GRS) ranging {rom 1 (worst possible perform-
arce) to 10 (best possible performance). The GRS was
worded as “Please provide an overall evaluation of the
non-medical performance of this team.” Because a previ-
ous factor analysis [36] identified one underlying compo-
nent accounting for 81% of the observed variation, with
factor loadings > 0.6 and Eigenvalues > 1, it is defensible
and common practice to summarize items of the TEAM
into a sum score in the range between 0 and 44. The
two expert raters each assessed 20% of the videos inde-
pendently and in duplicate. As inter-rater agreement was
good to excellent (intraclass correlation coefficient ICC =
0.87), the remaining videos were rated by a single rater.
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We further extracted objective performance measures
from the videos. In patients under resuscitation, such
measures include early defibrillation and timing and
number of doses of adrenaline administered [42], and
implementation of extracorporeal circulation (ECC) in
hypothermic cardiac arrest [43] and will be referred to
as performance hereafter.

Data management and analysis

Questionnaire data were recorded on paper and entered
into an excel sheet by an administrative assistant. 20% of
the data entered were randomly selected and cross-
checked by one of the authors (SCH). Videos were re-
corded using the AV system permanently installed in the
resuscitation bay and stored on a secure network storage
drive institutionally approved for storage of health re-
lated personal information. Video ratings and the
extracted performance data such as time to first defibril-
lation were directly entered into a spreadsheet by expert
raters. All data collected were then imported into an
SPSS file. SPSS version 25 (IBM cooperation) was used
for data analysis. Data are described using mean or me-
dian and standard deviation or range, as appropriate.
We calculated Pearson’s correlations between the rater-
based measures of teamwork (TEAM sum score and
GRS) and participants’ self-evaluation of teamwork. We
also correlated the rater-based measures of teamwork
with team characteristics such as size, cumulative experi-
ence, and age of the team leader. Last, we assessed the
relationship between TEAM sum scores or GRS and
other behavioural data, such as time to first defibrilla-
tion. P values of less than 0.05 are considered significant.

Results
A total of 26 teams participated in the study. Two teams
were excluded from the analysis because the videos were
not recorded due to a technical failure. One team was
excluded because two of its participants did not consent
to study participation, and one team because the team
contained a physician involved in this study. The ana-
lysis was thus based on 22 teams consisting of 115
health care professionals (22 physician team leaders and
93 team members). Participants were on average 36.7
years old and had a mean of 13.1 years’ professional ex-
perience, 6.3 years of those in emergency medicine;
77.4% were female (Table 1). Team leaders were on
average 36.4 years old and had a mean of 9 years’ profes-
sional experience, 3.4 years of those in emergency medi-
cine; 77.3% were female. Each team contained at least
one physician (range 1-3, median 1) and two nurses
(range 2-4, median 3); no team was smaller than 3 per-
sons (range 3—6, median 4).

The objectively observable performance of the teams
was highly variable: On average, it took 8 min and 155
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Table 1 Descriptive statistics
Mean Standard deviation Min Max
Participants overall
Age [years] 367 103 20 &3
Professional experience [years] 127 9.7 04 39
Experience emergency medicing [ysars) 63 75 02 36
Gender 77 4% female
Team leader
Age [years) 364 83 29 61
Professional experience [years) 90 85 2 37
Experience emergency medicing [ysars) 34 5.8 1 )
Gender 77 3% female
Scenarios and Performance
Total duration [minsec] 8:15 1:05 545 10:15
Time to defibrillation [min:sec] 106 042 009 232
Time to adranaling [min:sec] 331 1:34 050 47
TEAM GRS score [points out of 10] 64 1.8 3 10
TEAM sum score [points out of 44] 318 55 21 42

* Two teams did not administer adrenaline at all.

(SD=1:05min) before teams called for ECC due to
hypothermic arrest (# =9) or the instructor ended the
simulation (n =13). Although all teams correctly recog-
nized an arrest requiring early defibrillation, only half (1 =
11) limited the number of attempted defibrillations, as is
best practice in cases of hypothermic arrest. Time to defib-
rillation (mean = 1:06 min) and time to first adrenaline
{mean = 3:31 min) was also highly variable across teams
(Table 1). Two teams failed to administer adrenaline at all.

Teamwork quality as reflected by the external observa-
tions also varied greatly (Table 1). The TEAM sum score
and the GRS were strongly correlated (rreanm.grs =0.92,
p <0.001). Those teams with the highest scores on both
scales were also the quickest to defibrillate and to pro-
vide adrenaline to the patient, providing further evidence
for the concurrent validity of the TEAM measurement
instrument (Table 2).

Team members’ self-monitoring judgements of their
team's teamwork were strongly correlated with both
of the measures based on external observations
(r'l'E.AM_mmb:rs-sch =0.573, P < 0.001, FGRS_members-self =
0.628, p < 0.001; Table 3). Interestingly, the same did
not apply to the team leaders’ self-monitoring of their
team's teamwork (rreast teadersar =0.347, p =0.145,
I'GRS_leader-self =0451, P= 0.052; Table 4}.

Neither team size, nor number of physicians per
team, nor cumulative or average experience within a
team was associated with the external observations.
However, teams led by younger physicians achieved
better teamwork scores from external observers than
those led by older physicians (ryeam jesder-age = -
0461, p =0.047, IGRS jeaderage = - 0473, p =0.041;
Table 4).

Table 2 Correlations of external observations, team characteristics and performance

external obsenvations team characteristics performance
TEAM GRS Score TEAM sum score team size  number of physicians  number of nurses  time 1o time 1o
defibrillation  adrenaline

TEAM GRS Score 1 0943" 0055 —0072 0118 — 463" -7
TEAM sum score 543" 1 0081 —0.070 0120 —451" — 226
team size 0055 0081 1 4217 627" —0.048 0093
number of physicians —0072 0070 A" 1 - 443" 0.193 0.202
number of nurses 0116 0120 827" — 443" 1 — 214 — 284"
time to defibrillation - 453" —451" —0.048 0.193 -4 1 A8g”
time to adrenaline -217" - 226 - 0093 0202 — 284" 486" 1

*, Significant on a 0.05 level (two-sided); **. Significant on a 0.01 level (two-sided)
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Table 3 Correlations between self-monitoring, member characteristics and extemal cbservations

Self-ronitoring

member characteristics

exernal observations

Age ER experience TEAM GRS Score TEAM sum score
Self-monitoring 1 0.095 0046 628" 0573"
Age 0095 1 763" 0175 —0.140
ER experience 0046 763" 1 0162 —0.130
TEAM GRS Score 0s28" —0.175 —0.162 1 944
TEAM sum score 0s73" —0.140 —0.130 944 1

*. Significant on a 0.05 leve| (two-sided); **. Significant on a 0.01 level (two-sided)

Discussion

The performance of teams in this observational study of
leadership in ad hoc teams attending to a simulated car-
diac arrest with a rare cause varied greatly, with less than
half of all teams making the correct diagnosis and calling
for ECC. This variation should not be interpreted as a
threat to the quality of actual care, because the whole
idea of simulation-based training is to move participants
out of their comfort zone to stimulate learning [44]. In
fact, the rationale behind training for a hypothermic car-
diac arrest was that this algorithm differs in important
respects (e.g., dosing of adrenaline; frequency of defibril-
lation; early initiation of ECC) from standard advanced
cardiac life support [43], and hypothermic arrests occur
regularly (although infrequently) in our catchment area
[37, 45, 46]. The scenario thus tested the team leader’s
ability to lead the team through an algorithm that differs
substantially from the much more common standard ad-
vanced cardiac life support [47], thus offering a potent
opportunity for learning.

This heterogeneity in objective performance across
teams is reflected in both, the external observation mea-
sures of video recordings and the teams’ self-monitoring,
a finding that directly answers our second research ques-
tion. The fact that objective performance measures of re-
suscitations correlate with scores on the TEAM checklist
further validates this instrument for the assessment of re-
suscitation teams, a finding in line with previous research
[9, 36]. It is interesting to note that the TEAM instrument
assesses quality of teamwork, not quality of a resuscitation
per se, but it seems that good teamwork is a prerequisite
for good resuscitation [9, 36]. This finding, which we

replicate, is reassuring, because arguably, the sole purpose
of attending to patients in cardiac arrest with a team is to
provide good resuscitation.

With regard to the first research question, we found
moderately high agreement between the external obser-
vations and team members’ self-monitoring of their
teams’ teamwork. These findings are well in line with
the literature on self-monitoring of one’s individual per-
formance on a moment-by-moment basis [31, 35, 39, 40,
48]. Our study extends this conception in two important
ways. First, it indicates that the ability to accurately self-
evaluate applies to both concurrent monitoring during
an event and the time shortly after this event has con-
cluded. Second, it suggests that individuals are capable
of monitoring not only their own performance but also
that of a team to which they belong. Interestingly, this
finding does not hold for team leaders evaluating their
team'’s teamwork.

There are two possible explanations for the latter find-
ing. One is that evaluating a team'’s teamwork as a team
member is a substantially different task than evaluating
this team’s teamwork as the team leader. Every physician
team leader carries the responsibility for their team'’s
teamwork, because arguably a key purpose of instituting
a physician team leader is to ensure good teamwork in
ad-hoc teams. Given the complexity of leadership [3, 10,
12, 13, 49], particularly in highly dynamic environments
such as emergency rooms, leaders may be operating at
their full capacity and lack the necessary mental re-
sources for additional meta-cognitive tasks such as self-
monitoring. The diffusion of responsibility observable
even in small groups [50, 51] may also lead to this

Table 4 Correlations between self-monitoring, leader characteristics and extemal observations

Self-monitoring

leader characteristics

external ohservations

Age ER experiance TEAM GRS Score TEAM sum score
Self-monitoring 1 a5 032 0451 0.347
Age as51™ 1 06607 —0473* 0461
ER experience 0320 0660 1 —0.163 —0.242
TEAM GRS Score 0451 —0473* —0.163 1 0.945%*
TEAM sum score 0347 —0461* —0.242 0045 1

*, Significant on a 0.05 level (two-sided); ** Significant on a 001 level (two-sided)
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diffused responsibility being burdened on the team
leader when teams institute such a function explicitly,
resulting in further leader overload. It remains an open
question whether this phenomenon also affects teams
led by experienced non-physicians such as advanced
practice nurses. Such nurses may be less tempted than
physicians to focus on things other than teamwork in
their role as team leaders. Also, nurses in emergency
medicine often have considerably longer experience in
the field than the physicians they work with. In this
study, for example, team members (i.e., mostly nurses)
had about twice as much experience in emergency medi-
cine as physician team leaders. Although we cannot ex-
clude that professional experience plays a role in the
ability to self-monitor oneself, the literature on self-
monitoring suggests otherwise (e.g. [39, 40]).

Another reason for that we did not observe adequate
self-monitoring in team leaders may simply be the small
sample size of just 22 team leaders. This sample may be
too small to achieve significance when testing the likeli-
hood of a correlation occurring by chance. However, we
did find significant correlations between team perform-
ance and leaders” age at this sample size. Sample size re-
mains a notorious challenge in small group research [2],
and this study is no exception.

Other limitations of this study result from its observa-
tional design, which was chosen to mimic real-world cir-
cumstances as closely as possible, but which rendered it
impossible to control for and/or manipulate variables
that may affect performance, such as team size, struc-
ture, or heterogeneity [52]. This limitation is, at the
same time, one of the key strengths of the study: real-
world ad hoc teams are also diverse with respect to all
these variables and change on a frequent basis. The only
such variable we found to affect teamwork was the age
of the team leader. We can only speculate that this is be-
cause younger team leaders may have more recently re-
ceived training on resuscitation guidelines, but this
finding requires closer investigation. In addition, other
factors that may affect teamwork such as institutional
culture and environment were not varied between teams
in this study, potentially limiting generalizability of our
findings to environments substantially different from the
one investigated here. Last, the simulation is limited by
the fact that a hint was necessary to tell participants that
their hands went cold during chest compression, because
the simulator used cannot be programmed to feel cold.

Conclusion

Team members seem to have better insight into their
teams’ teamwork than team leaders, as indicated by the
moderately high correlation of their self-monitoring rat-
ings with external ratings of their teamwork. As a prac-
tical consequence, the decision to debrief after a
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resuscitation and the debriefing itself should be informed
by team members, not just leaders. External ratings of
teamwork as recorded with the TEAM instrument were
substantially correlated to objective measures of team per-
formance, a finding that further adds to the validity of the
TEAM assessment instrument.

Abbreviations

155: Imjury Severity Score; ECC Extracorporeal circulation; TEAM: Team
Emergency Assessment Measure; GRS: Global rating scale; 10T Intraclass
correlation coefficient; ANP: Advanced nurse practitioners; CRM: Crew
resgurce management
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