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Abstract

Teams performing cardiopulmonary resuscitation (CPR) have to act quickly and engage in effective
teamwork to increase survival chances of the patient. Not only technical skills identified by protocol
are relevant in CPR, but teamwork skills are required as well. Part of these teamwork skills is
interaction. So far, not a lot of research has ben done about what types of interaction leads to higher
team performance in CPR. Earlier research in other domains showed that more cohesive teams
perform better and certain types of interaction lead to higher team performance, this study tried to
establish whether this also accounts for CPR teams. From literature, planning, decision-making, and
information sharing were identified as problem-solving strategies in interaction. It was hypothesized
that more cohesive teams would perform better than less cohesive teams, and that this relation would
be mediated using problem-solving strategies. In this observational study, video data of 17 student
teams performing CPR in a simulated setting was coded. Also, team members filled in a scale on team
cohesion and team performance was assessed by two expert raters. There was little variance on team
cohesion, which was high for all teams. It was therefore not surprising that team cohesion did not
predict team performance or the use of problem-solving strategies. Lag sequential analysis showed
little differences in problem-solving strategies between high and low performing teams. Furthermore,
mediation analysis showed no mediating effect forall problem-solving strategies in the team cohesion
— team performance relation. Findings from this study indicate that much is still unclear regarding
effective interaction in high performing CPR teams and the role of team cohesion. Perhaps the time
that students spend on practicing during the course, could be a contributing factor.

Keywords: cardiopulmonary resuscitation, team cohesion, team performance, problem-solving
strategies, interaction patterns



1 introduction

Cardiopulmonary resuscitation (CPR) is an emergency situation, characterized by high-stakes,
complexity, and a common goal of the resuscitation team (Fernandez Castelao, Russo, Riethmiller, &
Boos, 2013). It is essential to start CPR and initiate defibrillation quickly and efficiently to reduce the
risk of mortality after a cardiac arrest, as the chance of the patient’s survival diminishes with 10 percent
for each minute that CPR is delayed (Hunziker et al., 2011). CPR guidelines mainly focus on technical
aspects. However, since technical skills alone are not sufficient to guarantee effective team
performance, teamwork skills are needed as well (Risser et al., 1999). Thus, quality and speed of care
influence patient outcomes, and good teamwork is essential (Mellick & Adams, 2009). One aspect of
teamwork skills, that seems relevant in CPR is team interaction. In order to provide patients with good
care, effective interaction is crucial (Leonard, Graham, & Bonacum, 2004).

In CPR, effective interaction is associated with successful resuscitation (Marsch et al., 2004).
So far, research regarding interaction in CPR teams has mainly focused on the quantity of interaction
(Hunziker et al., 2009; Mullen & Copper, 1994). However, it is more relevant to look at the content or
quality, since quantity of interaction affected team performance less than the quality of interaction.
One type of interaction that helps teams to avoid error in emergency situations is problem-solving
strategies (Risser et al., 1999). Application of problem-solving strategies includes letting all team
members take part in the process. This implies, that not only the team leader should be aware of all
relevant information, but the whole team needs to have a common understanding (Risser et al., 1999).
Three types of problem-solving strategies applicable to medical emergency situations are planning,
decision-making and information sharing.

Effective interaction is not the only factor that seems to lead to higher team performance.
Another contributing factoris team cohesion (Gully, Devine, & Whitney, 1995). In general, research
has shown that more cohesive teams perform better (Beal, Cohen, Burke, & McLendon, 2003).
However, this has not been confirmed for CPR teams. However, in interdependent tasks, where
interaction is required, team performance is influenced stronger by team cohesion than in tasks that
do not require interaction between team members. This could be explained by the fact that teams
have to work together to succeed, and more work is exchanged and coordinated in these
interdependent tasks (Beal et al., 2003). This implies teams can only succeed if all members are
committed and participate, while in tasks that do not require as much interaction, individual work may
be sufficient. It can be argued that CPR is an interdependent tasks, since teamwork was found to be
an important aspect of successful CPR (Mellick & Adams, 2009). It would therefore be expected that
team cohesion positively predicts team performance in CPR as well. However, little is known regarding
interaction differences between high and low cohesive teams, and how this affects team performance
in CPR.

Previous research has shown that team cohesion and effective interaction, like, leads to higher
team performance. By looking at interaction, this study can contribute to an understanding of how
professionals use problem-solving strategies during a resuscitation. Better insight into how teams
interact and how this relates to good team performance can help to train students and medical
professionals. However, it has not been shown how these strategies are used in CPR, therefore
relations need to be studied. First, it has not yet been confirmed whether higher team cohesion also
leads to higher team performance in CPR. Second, research has not yet shown how more cohesive
teams can better use problem-solving strategies than less cohesive teams. Third, as effective
interaction leads to higher performance, this study will check whether the same effect accounts for
using problem-solving strategies. fourth, as problem-solving strategies could be related to team
cohesion and team performance, possible mediating effects of this type of interaction between team
cohesion and team performance are studied. Thus, this study will try to answer the following research
question, as also illustrated in figure 1: To what extent does team cohesion affect team performance
and how is this mediated by using problem-solving strategies in a CPR context?
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Figure 1 Research model

2 Theoretical framework
Interaction is an important factor during CPR regarding team performance. First, characteristics of
teams engaging in this task will be introduced. Secondly, the relation between team cohesion and team
performance in CPR will be discussed. Then, three types of problem-solving strategies as presented in
the research model will be discussed.

2.1 Action teams

CPR teams can be characterized as action teams since they work in critical and complex situations
(Fernandez Castelao et al., 2013). Action teams are characterized by intense, interdependent, and
unpredictable tasks (Kolbe et al., 2014). They operate in novel situations that might differ from what
has been encountered in previous explicit trainings or experiences, and must therefore interact
regularly with their environment (Marks, Zaccaro, & Mathieu, 2000). According to Marks et al (2000)
it is important that these teams engage in qualitative high communication, since it is unlikely that
merely an addition of effort will suffice to be successful in these complex situations. Often, members
of action teams have specialized roles to respond to these unpredictable situations (Sundstrom,
Meuse, & Futrell, 1990). During a resuscitation, every team member has a specific role that assigns
certain responsibilities to each member in order to effectively conduct CPR (Mellick & Adams, 2009).
Together, the team needs to respond quickly to unforeseen events in a coordinated manner to
function effectively. For example, free and efficient information transfer is needed to coordinate the
actions of the CPR team (Edmondson, 2003). Also, since teams are able to perform better when
working in a better team climate, cohesion can have an essential part in determining whether a team
can be successful (Pierre, Hofinger, & Buerschaper, 2008).

2.2 Team cohesion

Team cohesion is the level to which members feel bonded with each other and are committed to other
team members and to the team’s goal (Zaccaro, Rittman, & Marks, 2001). When defining team
cohesion, a distinction can be made between social and task cohesion (Castafio, Watts, & Tekleab,
2013). Task cohesion refers to the commitment of team members to the team’s assignment (Castafio
et al., 2013). Research has shown that task cohesion is a central aspect in predicting team performance
(Mullen & Copper, 1994). Social cohesion is about how much team members like being part of the
team (Castafio et al., 2013). However, meta-analyses have suggested that the two elements are
strongly correlated to each other and to team performance (Beal et al., 2003). Therefore, the general
term team cohesion will be used in this study.



In teams where performance has far-reaching consequences there is a stronger relation
between team performance and cohesion than in other contexts (Castaio et al., 2013). This relates to
CPR, where it is about saving a patient’s life. Also, if teams perform tasks that demand more
interaction, team cohesion positively affects team performance more strongly (Gully et al., 1995;
Mullen & Copper, 1994)., However, research regarding the positive relation between team cohesion
and team performance (Beal et al., 2003; Castafio et al., 2013) has not specifically focused on the
context of medical emergencies or CPR. However, studies have shown that teams that have worked
together for a longer time, perform better than newly formed teams (Hunziker et al., 2009). Another
study confirmed the relation between team familiarity and team performance in medical simulations.
Furthermore, it was found that stable teams, that kept the same team members over time, improved
significantly in performance over time. This development was not found for the dynamic teams, of
which composition changed for each scenario (Joshi, Hernandez, Martinez, AbdelFattah, & Gardner,
2017).

Even though these studies show a positive link between familiarity and team performance,
they do not directly establish whether the same effect exists between team cohesion and team
performance in CPR teams. However, it can be argued that both concepts are related because teams
need to work together for some time, and thus become more familiar, before they can build relations
and develop cohesion (Chiocchio & Essiembre, 2009). Castafio et al. (2013) argue for the time teams
need to develop cohesion according to the team development model of Tuckman (1965) that
distinguishes several stages that teams need to go through to become cohesive. This process implies
that teams need to spend a certain amount of time together to become cohesive (Castafio et al., 2013).
Also, if teams have more contact during their work, members become more connected to their team
(Mesmer-Magnus & DeChurch, 2009). Thus, it takes time for teams to become cohesive, which means
that as teams get more familiar and work together for a longer time they will be able develop higher
team cohesion. Therefore, it is expected that in CPR, team cohesion has a positive effect on team
performance.

Hypothesis 1: more cohesive teams perform better than less cohesive teams in a CPR context

2.3 Problem-solving strategies

Interaction entails the reciprocal continuous sharing of information in teams, and when this is done
correctly, it leads to higher performance (Zijlstra, Waller, & Philips, 2012). It is a key mechanism for
team members who work towards the same goal (Marks et al., 2000). In medical teams, members
share information, take decisions together and perform similar tasks (Jin-Kyoung & Suk-Won, 2015).
Research has shown that quality of interaction is positively related to team performance in action
teams (Hunziker et al., 2009; Marks et al., 2000). Marks et al. (2000) suggest that quality is about how
useful verbal statements are towards coordination, which enables teams cope with changes in the
situation. This seems relevant in CPR, since effective team coordination can be hindered in acute
medical and chaotic situations (Rehim, DeMoor, Olmsted, Dent, & Parker-Raley, 2017). It is therefore
suggested that qualitative interaction helps team to coordinate during CPR, which could lead to higher
team performance. More specifically, research with nursing teams in a simulation-based training
showed a positive relation between nursing performance and interaction regarding planning,
evaluation, assessment and implementation. However, interaction that was unrelated to the nursing
task, was negatively related to performance (Jin-Kyoung & Suk-Won, 2015). These results suggest that
task-related interaction is an important aspect regarding team performance in medical teams (Jin-
Kyoung & Suk-Won, 2015).

A way to engage in task related communication is through the use of problem-solving
strategies. These strategies could be employed by medical teams when looking for a diagnosis. Using
problem-solving strategies means that team members engage in planning and take decisions to make



sure all relevant information is clear (Risser et al., 1998). This fits communication in medical teams,
during which members share information, take decisions together and perform similar tasks (Jin-
Kyoung & Suk-Won, 2015). Using problem-solving strategies also entails clarification of the importance
of the relevant protocol, which decreases the chance of error. Research showed that work teams that
engaged in more problem-solving strategies, showed more effective team work processes, such as task
prioritization and allocation of resources (Tesluk & Mathieu, 1999).

Risser et al. (1998) created an integrated framework of teamwork behaviors in a medical
emergency department that includes these problem-solving strategies. According to this framework,
teams can engage in strategies that will help them to become effective by using planning, decision-
making methods and sharing information (Risser et al., 1999). First, planning is conceptualized by Lei
et al. (2016) as the way in which teams evaluate the dynamic task situation and develop plans on the
go. Second, decision-making refers to collecting and integrating information, using sound reasoning,
identifying alternatives, choosing the best option and evaluating consequences (Cannon-Bower,
Tannenbaum, Salas & Volpe, as cited in Salas, Burke, & Samman, 2001). Third, information sharing is
about transferring information on time and accurately within the team, which helps the team to
coordinate their actions effectively, and to establish a shared understanding of the patient (Risser et
al., 1999).

2.3.1 Planning

Planning is a key process when teams needs to coordinate their work to fulfill tasks, and is essential in
complex tasks that cannot be solved individually (Dechurch & Haas, 2008). During CPR, planning is
about distributing tasks, assigning roles, and timing tasks, and it positively influences team
performance (Fernandez Castelao et al., 2013). When working under time pressure, teams high in task
cohesion show more effort and plan more effectively than teams that are less task cohesive (Zaccaro,
Gualtieri, & Minionis, 1995). Stress caused by time pressure can lead to a disruption, that only high
task cohesive teams are able to cope with, because they put in higher effort to complete the task
(Zaccaro et al., 1995). Even though the study of Zaccaro et al. (1995) did not include social cohesion, it
is not expected that this would change the positive effects of cohesion on planning, as task and social
cohesion are strongly correlated (Beal et al., 2003).

Regarding the possible link between planning and team performance it was suggested that
planning in the CPR process can be used by teams to compensate forthe shortage of team coordination
in resuscitation protocol (Fernandez Castelao et al., 2013). Different types of planning exist, but
reactive strategy adjustment predicts team coordination best, and has a positive effect on team
effectiveness (Dechurch & Haas, 2008). This type of planning supports teams to respond to unexpected
events. When engaging in this type of planning, teams follow an initial plan but also adapt to changes
in their task environment. In this type of planning, a certain level of coordination processes are
supported by aninitial plan (Dechurch & Haas, 2008). This could fit the CPR context, since teams need
to respond to changes in the situation. However, certain pre-established protocols need to be followed
as well (European Resuscitation Council, 2015). This protocol could be seen as the initial plan, but in
case of unexpected events, the team needs to respond. Thus, team cohesion seems to relate to
planning, and planning supports team effectiveness. Therefore, planning may also explain the
cohesion-performance relation.

Hypothesis 2:

H2a: More cohesive teams engage in more planning behaviors than low cohesive teams

H2b: Teams that engage in more planning behaviors perform better than teams that engage in less
planning behaviors.

H2c: Planning mediates the relationship between team cohesion and team performance



2.3.2 Decision-making

In action teams, like medical teams that have to deal with emergencies, much information needs be
maintained during situations with high workload and stress. It is possible that decisions are biased
because of incomplete, erroneous and ambiguous data (Paris, Salas, & Cannon-Bowers, 2000). This is
relevant since in medical situations teams need to find the correct diagnosis, which forms the basis of
good care (Tschan et al., 2009). Also, in order to be successful, teams need to coordinate different
sources of information and integrate these (Zaccaro et al., 1995). Translated to CPR, this could possibly
mean that team members, family members of the patient, and doctors serve as information sources
that the team needs to integrate to make a decision. When making a decision under time pressure,
high team cohesion facilitates interaction and supports teams to decide (Zaccaro et al., 1995). Since
cohesion supports interaction, and interaction is required to integrate different sources of information,
it is expected that higher team cohesion will lead to better decision-making.

Relevant decision-making behaviors can be derived from a model of decision-making, that
proposed a decision-making process from identification of the problem to making a decision (Franz,
2012). Based on the model of Franz (2012), the following central behaviors are distinguished in this
process: defining the scope of the problem, requesting and providing information within the team,
collection of information from external sources, and evaluating information in relation to a possible
diagnosis. The decision-making process can be hindered by poor information sharing (Franz, 2012).
When decisions are made in a limited time, less time is spent to collect and process information, less
people are involved in making the decision, and evaluation of possible solutions is inadequate (Zaccaro
et al., 1995). Making a decision following a structure enables teams to discuss all information (Franz,
2012). This implies, that teams can properly consider all options, based on facts. In this way, engaging
in decision-making behaviors could lead to higher team performance. Since decision-making seems to
be related to team cohesion and team performance, it also expected to mediate between team
cohesion and team performance.

Hypothesis 3:

H3a: More cohesive teams engage in more decision-making behavioral patterns than less cohesive
teams

H3b: Teams that engage in more decision-making behavioral patterns perform better than teams that
engage in less decision-making behavioral patterns.

H3c: Decision-making behavioral patterns mediate the relationship between team cohesion and team
performance

2.3.3 Information sharing

Teams share information when members display behaviors like requesting and offering information,
and communicate problem-solving information to the team (Risser et al., 1999). A way to share
information is by talking to the room, which means statements are not directed towards one team
member, but are addressed to the team in general (Kolbe et al., 2014). In medical emergency teams
this supports teams to find the right diagnosis (Kolbe et al., 2014). An explanation could be that talking
to the room invites members to be active in the problem-solving process (Tschan et al., 2009). It is
possible that if team members engage more in the process and they can share relevant information to
diagnose the patient. This is also relevant for the CPR teams that need to find the cause of a cardiac
arrest through clinical reasoning to treat the patient. However, sharing information by talking to the
room does not directly fulfill the need forinformation gathering (Kolbe et al., 2014). This implies, team
members still need to actively collect information from their environment. Practically, this could mean
that team members not only share information spontaneously, but also share information when
requested by another team member. Especially in tasks where the whole team needs to work together
to fulfill the task, more information is exchanged, which shows a possible link between information
sharing and team performance, as only by sharing information the team can be effective.
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Furthermore, as more teamwork and information sharing are required to perform well, team
cohesion could be expected to contribute as well. In interdependent tasks, like CPR, team members
have to focus on what information is necessary to achieve team goals. Research has shown that teams
with high levels of task cohesion offered more information than low task cohesive teams during a time
pressured task (Zaccaro et al., 1995). Also, in high cohesive teams, members respond more often to
information requests when working under time pressure than low cohesive teams (Zaccaro et al.,
1995). As high cohesive teams are more committed to their task, they may be more inclined to share
the relevant information to complete the task. This suggests a positive link between team cohesion
and information sharing. If high cohesive teams, share more information and consequently perform
better, information sharing might explain the cohesion-performance relation.

Hypothesis 4:

H4a: more cohesive teams engage in more information sharing than less cohesive teams

H4b: Teams that engage in more information sharing patterns perform better than teams that engage
in less decision-making information sharing patterns.

H4c: information sharing patterns mediate the relationship between team cohesion and team
performance

3 Method
3.1 Researchdesign

A quantitative research design was used to reliably study to what extent team cohesion affects team
performance and whether this relation is mediated by using problem-solving strategies in a CPR
context. For this, (1) team cohesion, (2) problem-solving strategies, and (3) team performance ratings
were distinguished. Three types of data sources were used to measure these constructs: (1) a team
cohesion scale filled in by all team members, (2) video-recordings from the assessment scenarios, (3)
a team performance scale filled in by expert raters.

3.2 Researchcontext

Research in CPR situations can take place in simulated settings, since it is difficult to practice CPR in a
real-life setting. Not only does CPR occur unplanned, but observers would have to be present from the
start of the event, and ethical considerations play a role as well. By using simulation settings to
practice, these issues can be avoided (Hunziker et al., 2009). Also, simulations provide a safe and
realistic setting, where learners can practice skills and make mistakes (Salas et al., 2008).

The faculty of Behavioural, Management and Social Sciences cooperated with the
Experimental Centre of Technical Medicine (ECTM) for this study. First-year master students of
Technical Medicine at the University of Twente follow an obligatory Advanced Life Support (ALS)
course. During this course, students learn the theoretical knowledge and practical skills that they need
to integrate and apply in CPR simulations. The course contains 9 learning goals, which can be found in
Appendix 1. Even though guidelines from the European Resuscitation council (European Resuscitation
Council, 2015) are followed, the ALS-course does not provide any certifications. More important is that
students get competent in clinical reasoning in an ALS situation. The ECTM offerstwo simulation rooms
for Technical Medicine students to practice their skills to learn in a safe environment: The Intensive
Care Unit (ICU) and the operation room (OR). Inboth rooms, a Human Patient simulator(CAE iStan/CAE
HPS), a patient monitor (Infinity, Draeger) and defibrillator (Philips) were present (ECTM, 2017). Also,
audio-visual data of the ALS-course sessions was provided by a METlvision system that uses three
ceiling mounted camera’s, simulator data, the patient data, and audio signal.
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3.3 Respondents and sampling

Students who followed the obligatory ALS-course in the first year of the master program of Technical
Medicine were approached to participate in this study. During the first lecture of the course they were
informed about the goal and procedure of study by the research team. It was emphasized that
participation was voluntary and that the research would not affect their grade. In total, 81 students
signed up for the ALS course, of which 30 students followed the Medical Sensing and Stimulation
master track and 37 students followed the Medical Imaging and Interventions master track. Two
students dropped out of the course and two students did not give informed consent, and therefore
did not participate in the study. Since data was collected on a team level, 3 teams had to be excluded.
In total, 67 students participated in the study; divided over 17 teams, consisting of 4 students, except
for one team that consisted of 3 students (table 1). The age in the group ranged from 20 years to 26
years old, and 25 males and 42 females participated. Most students (95.5%) did not have experience
in ALS resulting from a similar course.

Table 1
Demographic Information of Participants
Frequency Percent
Gender Male 25 37.3
Female 42 62.7
Total 67 100
Master program Medical Sensing and 30 44.8
Stimulation
Medical Imaging and 37 55.2
Interventions
Total 67 100
ALS experience Yes 3 4.5
No 64 95.5
Total 67 100

3.4 Measures

Team cohesion

After performing the assessment of the ALS-course, a translated cohesion scale (Mathieu, 1991)
(Appendix 2) was used to ask students about their individual perception of the cohesiveness on their
team. The scale had sufficient internal consistency (Cronbach’s Alpha .94). The scale consists of three
items related to social cohesion and three items related to task cohesion. All items were measured
with a 7-point Likert scale that ranged from completely disagree to completely agree. This way, the
level of team cohesion can be compared with interaction and team performance in one simulated
scenario.

Team performance

Teams are assessed by two teachers from the ALS-course, who are considered expert raters.
Performance assessment is based on the validated team effectiveness scoring list by Gibson, Cooper
and Conger (2009). The scale consists of four items with a 1 to 7 Likert-scale, with 1 meaning very
inaccurate and 7 meaning very accurate (Appendix 3). The scale had sufficient internal consistency
(Cronbach’s Alpha .97). During the CPR scenarios of the course assessment, the scale is filled in for
each team by one of the two teachers. Hence, each teacher assessed half of the teams during the
assessment. It was not possible to check interrater reliability of the performance scales since these
were filled in by two teachers in two different rooms at the same time.
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Problem-solving strategies

Team interaction was analyzed through video observation with the Noldus Observer XT software. In
the rooms where the ALS scenarios took place, the sessions were recorded with the METIvision system.
An adaptation of the codebook from Lei et al. (2016) was used to code the video data. Originally, this
codebook was used to code behaviors and study interaction patterns of flight crews in a simulation
(Lei, Waller, Hagen, & Kaplan, 2016). These flight crews are comparable to CPR teams, as they are both
considered action teams. Adaptations were made based on theoretical insights and the research
question to include the relevant codes regarding problem-solving strategies. The codes are exhaustive
and mutually exclusive. The full codebook, as adapted by the research team can be found in table 2.
To measure the three types of problem-solving strategies, several sequences and individual behaviors
were selected from the codebook, based on the theoretical framework. First, planning, was only
measured with the code planning. Second, decision-making was measured with the following
sequences: opinion-command, observe-opinion, external communication-opinion. Third, observe and
the sequence inquiry — information upon request were used to measure information sharing.

13



Table 2

Codebook
Category  Subcategory Content Definition Example
Planni A statement about the planned procedure (decisions about what to do, how to do it, and #1: First, we are going to prepare the medication, and
anning S
when it will be done) then we do the treatment.
Action-related i indivi ifi i
The team _Ie_ader or team member gives an mdnv_ndual_ a specific assignment _of #1: Do you want to turn on the ECG?; #2 You can
Command responsibility (addressed call-out). It includes directives, commands, or assignment of S
administer it directly.
subtasks
. H H f) . . H
Inquiry Request for factual information, statement, or analysis from one or more individuals #L:is the patient breathing? ; #2: Is the airway
Explicit unobstructed?
Coordination Question Request for confirmation or rejection of statement from one or more individuals #1: Shall we both have a look at the screen?
Information- Summarization or discussion on the current situation, diagnose and/or information to other #1: We expect something like hvperaemia. .- £2: We
Summary team members on what to expect in the next stage. Any repetition of what was discussed o P hing like hyp o
related - . will evalutate the patient on visible symptoms.
with a bystander is also coded as summary.
Opinion The team leader or team member makes a statement to express personal view #1: It think it is hyperaemia. ; #2: | agree.
- Coded when a team member answers on an information request(inquiry or question), in the #1: Yes, the airway is unobstructed #2: | can see on the
Information upon request -
form of an answer or observation. screen that. ..
Observe (Talking to the Information- . Cun.
Implicit room) related The team leader or team member recognizes or notices a fact or occurrence #1: 1 can see a heartheat. ; #2: | can see an asystole.

coordination

Suggest (Talking to the room) Action-related

The team leader or team member suggests a future action without delegating it to a specific
team member (call-out not addressed)

#1: Maybe we can ask fora n ultrasound of the abdomen.
; #2: In 30 seconds, we need to do a heart rhythm check

External communication

Any communication directed at someone outside the CPR-team. This may include a
specialist, doctor, nurse, or relative of the patient. Also, communication to someone
outside of the simulation (i.e. the teacher) is coded as external communication.

#1: Is a family member present?; #2: Did the patinet
have complaints before he was brought in?

Other Confirmation n/a T_he_ team Ieac_ier or team member answers to a question, command, inquiry, opinion by #1: yes
giving a confirmation.
Any verbal communication of the team leader or team members that does not fit to any of
Other . .
the defined categories.
Laugh Laughter or clearly humorous remark #1: Haha.
Social Sorry A team member excuses himself or apology remark #1: Oh, sorry
Social n/a Social, non-task communication. #1: Shit.

Incomprehensible

a team member says something, but the content is not understandable or not relevant. Code
only when the verbal behavior is incomprehensible due to half sentences, simultaneous
speaking, or background noise (e.g. beep-sound from the patient monitor), or not relevant
to the research.

#1: Guys; #2: Robert, do you eh..
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3.5 Procedure

Before the practical sessions of the ALS course started, the Ethical committee of the University of
Twente approved the study. At the end of the first lecture of the ALS course, the research team
informed the students of the course about the goals and procedure of the research. It was emphasized
that participation was voluntary and that the study would not affecttheir grade. A week later, students
were asked to give informed consent and to fill out a survey to collect demographic information
(Appendix 4). A team could only be included in the study if all members had given informed consent.
During the course, students practiced several CPR simulations during scheduled sessions. Finally, the
course assessment took place, during which data was collected. Two teams performed their
assessment simultaneously in two separate rooms. During this assessment, all participating teams
were recorded on video while performing their CPR simulation scenario. During the sessions, the
research team was present in a separate room to collect the data. After performing the assessment,
students were guided to another room to fill in the team cohesion scale (Appendix 2). All collected
data was encrypted (Appendix 5) to ensure anonymity for the participating students.

3.6 Data analysis

After all teams had completed the assessment, 20 minutes of each video was coded with the Noldus
Observer XT software. First, the videos were pre-cutted by two observers. This means, all utterances
that were made during the scenario were distinguished. An utterance was defined as one meaningful
statement by a member of the team, consisting of one or multiple sentences (Strijbos, Martens, Prins,
& Jochems, 2006). For each utterance, it was indicated which team member had made a statement.
After pre-cutting, the videos were divided over two other observers. Each video was then coded by
one of the observers according to the codebook. Besides that, 3 videos were coded by both observers
to establish interrater reliability. After coding the first video the agreement between observers was
64.8% (K = .63, p< .001, 95% Cl, .58 to .68). After double coding the first video, observers discussed
differences to improve the reliability. This led to an agreement of 89.6 % (K = .89, p< .001, 95% Cl, .86
t0 .92) in the second video, and 91.5 % (K = .91, p< .001, 95% Cl, .88 to .94) in the third video.

Before testing the hypotheses, SPSS version 22 was used for descriptive statistics to obtain an
overview of all variables and to check assumptions for analyses. The Shapiro-Wilk test was used to
check distribution of the continuous variables. Normality was not accepted forteam cohesion (W (17)
=.80, p < .01). However, as team cohesion only served as an independent variable, this di not have
further consequences. For the other variables normality was accepted; team performance (W (17)
=.95, p > .05), planning (W (17) =.94, p > .05), decision-making (W (17) =.92, p > .05), and information
sharing (W (17) =.92, p > .05).

The data was explored to see if teams differed in the use of problem-solving strategies. Since
problem-solving strategies were expected to mediate between team cohesion and team performance,
a lag sequential analysis was performed for high and low performing teams. A median split was
performed to distinguish high and low performing teams. The lag sequential analysis would show
whether certain interaction sequences had occurred more often than could be expected by chance
(Bakeman & Quera, 2011), and whether this differed between high and low performing teams. For
each sequence the z-score was computed based on the sequence matrix from the Observer XT
software. A z-score is found to be significant if it is either higher than 1.96 or lower than -1.96 (Field,
2009). This indicates that a sequence occurred more or less often than a 95% chance level.

To test the hypotheses, several steps were taken. For hypothesis 1, a regression analysis was
performed. In order to test hypotheses 2, 3 and 4, several steps were taken. First, the sequences from
decision-making and information sharing were added up in SPSS according to their corresponding
variable to perform the analyses. This was not necessary for planning, since this variable only contained
one behavior from the codebook. The relationships between team cohesion and the mediating
variables (planning, decision-making, information sharing) were defined by regression coefficients
using the PROCESS v3.0 application for SPSS (Hayes, 2013). The same method was used to establish
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the regression coefficients of the relation between de mediating variables and team performance.
Finally, the mediation effects were tested. The confidence interval of the mediation model was
determined by looking at the indirect effects of independent variable on dependents variable in the
output generated by the PROCESS v3.0 application. If the confidence interval of the indirect effect did
not contain zero, the mediation was found to be significant.

4 Results

Table 3 shows the minimum and maximum values of all variables from the research model and team
familiarity, including the mean and standard deviation for all 17 teams. Teams obtained performance
scores ranging from 17 to 28 with an average of 23.41 (SD = 2.65). Regarding team cohesion, all teams
scored high, with 38.64 on average (min. 30, max. 42, SD = 3.54). In total, 7790 utterances were coded
for the 17 teams that participated in the study of which 3595 utterances were used to test the
hypotheses. Table 4 shows the amount of individual interaction behaviors applicable to planning,
decision-making, and information sharing in all teams.

Table 3
Descriptive Statistics

N Minimum Maximum Mean Std. Deviation
Team performance 17 17,00 28,00 23,1 2,645
Team cohesion 17 30 42 38,64 3,54
Team familiarity® 17 2 4 3.05 .85
Planning 17 5 18 10,18 3,80
Decision-making 17 1 9 3,88 2,23
Information sharing 17 32 69 47,41 11,94

Note: a = With how many of your team members have you worked together before?

Table 4

Behavior Frequencies
Behaviors Frequency Minimum  Maximum Mean Std. Deviation
Planning® 173 1 11 3.60 2.84
Observe®, © 796 1 32 11.71 5.95
Opinion® 305 1 13 4.84 3.21
External 1132 1 71 16.90 18.25
communication®
Command® 655 1 46 9.78 10.56
Inquiry® 178 1 11 2.97 2.4
Information upon 356 1 15 5.39 2.9
request®
Total 3595

Note: a = part of planning; b = part of decision-making; c = part of information sharing

4.1 The use of problem-solving strategiesin high and low performing teams

Lag sequential analysis was used to get a general view of what interaction sequences from the
problem-solving strategies had occurred more oftenthan could be expected by chance in high and low
performing teams. Based on a median split, 6 teams were defined as low performing and 11 teams
were defined as high performing. z-scores higher than 1.96 and lower than -1.96 were defined as
significant (Field, 2009). An overview of all z-scores of the lag sequential analysis are presented in table
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5 and table 6. The boxes show the z-values for the behavioral sequences that were part of the problem-
solving strategies. In both low and high performing teams, the opinion — command sequence occurred
below chance (z = -2.61 and z = -3.02, respectively). Also, in high performing teams, external
communication is less likely to trigger an opinion (z = -2.72), while in low performing teams this
sequence was not significant (z = -.88). There were no other significant differences in behavioral
sequences between low and high performing teams. This already indicated that there were little
differences in the use of problem-solving strategies between high and low performing teams.

Table 5
Z-scores Low Performing Teams
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Command 828 062 28 -075 -064 -0,36 -1,45 -1,9 151 -441 -1,45 -0,14 -1,41 -0,55 1,54 -0,70

Planning 2,72 259 145 -0,21 -0,16 1,26 -0,51 -1,4 -063 -1,92 0,26 -1,77 -0,65 -0,25 2,20 -0,51

Observe -0,79 -0,29 325 153 261 216 040 -1,40 -3,75 -0,98 -2,37 064 -0,56 -0,85 1,02

Suggest (TTR) 022 015 109 1,84 -1,39 067 024 158 -025 -1,77 -1,42 -0,84 -1,16 4,00 0,77 -0,37

Inquiry -3,31 -0,10 0,36 -0,66 3,67 020 0,17 -0,71 -0,62 -0,78 -0,41 094 -0,25 -0,37 1,34

Question -1,36 -1,09 044 023 -1,09 263 194 -011 -099 -1,8 0,28 -1,28 094 214 -0,60 -0,03

Confirmation 002 -0,18 -043 1,59 -044 -18 3,12 136 197 -366 0,17 -1,61 -043 -0,86 0,20 0,55

Opinion 0,72 047 202 205 179 -032 267 -084 -034 -022 -099 -0,8 -033 -051 -045

Summary 234 070 -0,83 -036 070 248 055 009 199 -169 -1,02 -1,43 -042 -0,16 -0,25 -1,08

External com. -401 -0,30 -2,94 -3,02 -1,36 -2,24 -4,23 -0,43 22,49 -3,13 -4,88 0,68 -0,65 0,00 -1,64

Info. up. request -1,61 -09 -1,36 091 0,27 -08 1,27 -0,32 -0,94 -246 4,69 1,57 2,14 -0,37 -0,57 -0,90

Other 005 -1,38 -2,74 -2,51 -1,38 -151 -0,8 -239 -133 -466 4,26 14,76 0,09 -053 -0,81 -1,85
Laugh - - - - - - - - - - - - - - -
Sorry - - - - - - - - - - - - - - -

Social 393 -0,29 -061 -049 -0,29 -045 o003 -0,39 -0,17 -0,70 -0,43 -0,59 -0,18 -0,07 -0,10 -0,45

Incomprehensible -1,58 2,76 -0,61 -0,33 051 125 -024 1,36 09 -2,35 -0,31 -0,99 -0,12 -0,41 -0,63 5,05
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Table 6
Z-scores High Performing Teams
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Command 10,41 0,03 3,97 -1,45 -1,25 0,23 -096 -345 0,74 -3,77 -1,61 -1,18 -0,96 0,15 2,08 -1,98
Planning 2,44 048 -044 -1,33 1,52 -0,51 -1,41 -053 -0,95 -047 -0,26 293 -099 167 067 0,35
Observe 071 -1,11 2,32 2,17 1,00 0,83 1,08 -0,81 -481 -039 -2,76 -0,52 -1,07 -1,03 2,08
Suggest (TTR) 0,78 020 1,38 2,87 056 -016 0,15 149 000 -1,76 -1,27 -169 -1,25 0,33 -1,30 -1,09
Inquiry -1,60 -0,35 -1,92 058 4,13 1,74 160 061 -1,02 —1,82 -1,89 -1,06 -0,50 -0,76 0,76
Question -0,03 -1,19 1,73 -0,79 -1,77 1,49 232 -1,37 063 -267 -0,14 -1,36 -0,09 3,95 -0,50 -0,32
Confirmation -0,22 028 -1,09 1,8 1,13 057 204 1,08 009 -68 25 -0,25 -0,48 -002 106 1,86
Opinion -0,65 -0,70 2,32 004 078 128 666 -1,32 -2,07 -1,26 -2,86 221 -0,65 -1,00 0,63
Summary 365 -1,02 -1,26 2,19 -0,18 1,70 -1,45 005 846 -1,07 -0,77 -1,68 -0,68 -0,32 -0,49 -1,07
External com. 5,99 2,25 -4,42 -3,37 -2,23 -237 -611| -2,72| 0,10 27,23 -3,67 -456 2,45 -0,48 -0,42 -2,18
Info. Up. request -342 0,78 095 -048 -0,75 -191 277 052 -075 -1,33 348 -041 -0,84 -0,71 0,75 -1,56
Other 0,32 -200 -0,65 -3,06 -0,16 -1,71 -195 -203 -1,17 -3,97 1,95 1871 0,38 -0,85 0,21 -1,15

Laugh - - - - - - - - - - - - - -
Sorry -0,71 -0,39 1,43 -065 -041 0,8 008 -052 -025 090 -0,55 -0,64 -0,26 -0,12 -0,19 -0,63
Social -1,10 -061 -0,54 -008 087 184 061 038 216 -0.88 -0,85 -0,06 -0,40 -0,19 3,11 -0,98
Incomprehensible  -0,21 0,79 0,67 -061 -027 061 1,17 126 -047 -3,69 0,28 -0,98 05 -0,82 -1,25 2,57

4.2 Mediation effects

All hypotheses in the mediation model were tested with the PROCESS v3.0 application of Hayes (2013).
Because of small variance in the team cohesion variable, it was not possible to use a median split, and
consequently a t-test to analyze hypothesis 1. Therefore, PROCESS v3.0 was used to test this
hypothesis as well. Results showed no significant relationship between team cohesion and team
performance (B=.,25 p=.20), F(1,15) = 1.82, p= .20, with an R? of .11. Even though there was no
significant relation between the independent and dependent variable of the mediation model,
mediation analysis could still be performed (Hayes, 2013). According to this model, a significant
relationship between the independent and dependent variable is not required for mediation. The
results of the mediation analysis are presented in table 7.

Table 7
Mediation Analysis

Products of coefficients

BC Percentile 95% Cl

B Se Lower Upper
TC>P->TP -.002 .094 -.229 .182
TC > DM >TP -.000 .065 -.124 .134
TC>IS> TP .026 .080 -.029 .097

Note. TC = team cohesion; TP =team performance; P=planning; DM = decision-making; IS = information

sharing; Ci = confidence interval; BC = bias correlated; 5000 bootstrap samples. *P <.05
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As stated by hypothesis 2, it was expected that the relationship between team cohesion and
team performance would be mediated by planning. The regression coefficients showing the relation
between all variables of the mediation model with planning as a mediator are presented in figure 2.
None of the values were found to be a significant predictor. First, regarding hypothesis 2a, no
significant relationship was found between team cohesion and planning (B =.-14, p=.63), F(1,15) = .25,
p = .63, with an R? of .02. Secondly, the relation between planning and team performance was not
significant either (H2b) (B=.016, p=.93). Thirdly, planning was found not to mediate between team
cohesion and team performance (B=-.-.002, se=.09) and Cl [-.229, .182]. The confidence interval
contained zero, which means no support was found for mediation of planning between team cohesion
and team performance (H2c).

Planning

-137 016

Team cohesion

A\ 4

Team performance
246

Figure 2 Model coefficients with planning as a mediator

Hypothesis 3 stated that decision-making would mediate the relationship between team
cohesion and team performance. The coefficients of the corresponding model are presented in figure
3, all of which were nonsignificant. First, regarding hypothesis 3a, no significant relationship was found
between team cohesion and decision-making (B=.159, p=.33), F (1,15) = .1.02, p = .33, with an R? of
.25. Secondly, the coefficient indicating the relation between decision-making and team performance
was not significant either (B=-.001, p=1 (H3b). Thirdly, decision-making was found not to mediate
between team cohesion and team performance (B=-.-.000, se=.07) and Cl [-.124, .134]. The confidence
interval contained zero, thus no support was found for H3c, decision-making did not mediate between
team cohesion and team performance.

Decision-making

159 -.001

Team cohesion Team performance

A\ 4

.246

Figure 3 Model coefficients with decision-makingas a mediator
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Finally, according to hypothesis 4, the relationship between team cohesion and team
performance would be mediated by information sharing. The coefficients showing the relation
between all variables of the mediation model with information sharing as a mediator is presented in
figure 4, no significant relations were found. First, hypothesis 4a was not supported, no significant
relationship was found between team cohesion and information sharing (3=.749, p=.39), F(1,15) =.78,
p = .39, with an R? of .05. Secondly, the coefficient indicating the relation between information sharing
and team performance was not significant either ($=.035, p=.55) (H4b). Thirdly, information sharing
was found not to be a mediating variable between team cohesion and team performance (pf=-.026,
se=.08) and Cl [-.029, .097]. The confidence interval contained zero, thus no support was found for
mediation of information sharing between team cohesion and team performance (H4c).

Information
sharing
749 935
Team cohesion T » | Teamperformance

Figure 4 Model coefficients with information sharingas a mediator

5. Discussion

The purpose of this study was to investigate the relationship between team cohesion and team
performance, and the mediating role of problem-solving strategies in a simulated CPR setting. Data to
test the hypotheses was collected through a team cohesion scale, a team performance scale and coded
video data. Results showed that team cohesion did not significantly predict the use of problem-solving
strategies or team performance Also, problem-solving strategies did not have a significant relation to
team performance and did not mediate between team cohesion and team performance. Several
explanations can be given for these results.

To start with, very small variance was found in team cohesion, all teams scored above average
on the cohesion scale after performing their assessment. Therefore, it was not surprising that no
significant relation was found between team cohesion and team performance. Because differences on
the dependent variable, team performance, cannot be explained if there are no differences in the
independent variable, team cohesion. Thus, it is possible teams differ on another factor, which does
explain performance differences. The high levels of team cohesion could be possibly explained by the
fact that since students selected their own teams, teams were formed based on friendships or earlier
projects. This is supported by the factin most teams, students reported to have worked together with
a large part of their team before. On the other hand, the course required a lot of teamwork, which
means that even if team members were not familiar with each other at the beginning of the course,
they may have gotten to know each other by the time of the assessment. Not only did all teams practice
together during the scheduled course sessions, but students were expected to practice in their own
time as well. As mentioned by Chiocchio and Essiembre (2009), it takes time for teams to develop
cohesion. Since all teams scored high on team cohesion, teams could have spent sufficient time
together to build a high level of cohesion before the assessment, either before or during the course.
However, as it was not measured how much time teams spent together, there is no evidence for this
assumption.

Even though teams could not be distinguished based on level of team cohesion, there were
differences in team performance. This indicates that other factors may have contributed to the level
of team performance. In this study, three types of problem-solving strategies as a way of interaction
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were assumed to be supported by higher team cohesion, lead to better performance and serve as
mediating factors. However, when looking at the results of the lag sequential analysis, only one
sequence of decision-making (external communication — opinion) occurred significantly below chance
in high performing teams, that was not significant in low performing teams. This indicates that high
performing teams evaluate information from external sources less often than low performing team
and directly continue to action instead. This is supported by the fact that planning, which is identified
as action-related behavior in the codebook, occurred significantly above chance after external
communication in high performing teams but not in low performing teams. The fact that none of the
other sequences significantly differed between high and low performing teams, already indicated little
differences in the use of problem-solving strategies between high and low performing teams in a CPR
simulation. This was further confirmed by the mediation analyses.

Planning, decision-making and information sharing were not predicted by team cohesion. Even
though this expectation was based on literature, this finding was not surprising as teams differed little
on team cohesion. When looking more detailed into planning, this study was not able to support the
findings of Zaccaro et al. (1995) who argued that high cohesive teams show more effective planning
behaviors than low cohesive team when working under time pressure, since they are capable of
dealing with stress. In CPR, some level of time pressure is present, since the resuscitation needs to
start as quickly as possible and quick action is required to enhance the survival chance of the patient
(Hunziker et al., 2011). Since there were no low cohesive teams, it could not be checked, whether
those teams showed less planning behaviors under time pressure in CPR. However, this does not
explain why planning is not significantly related to team performance or does not act as a mediator.
The different types of planning as explained by DeChurch and Haas (2008), may offer an explanation.
Reactive strategy adjustment as a way of planning, may be less suitable for the CPR context than
expected. Even though teams have to respond to unexpected events, protocol still needs to be
followed. This suggests a more important role of deliberate planning, in which teams do not revise
their initial plan because protocolis used to respond to unexpected events and teams are not supposed
to deviate from protocol. This could explain why planning did not contribute to better team
performance because the effects of deliberate planning on team coordination and performance have
shown to be less strong than reactive strategy adjustment (Dechurch & Haas, 2008).

Similar to planning, decision-making was not related to team cohesion or team performance
either. Insituations characterized by limited resources and high workload, decisions can be inadequate
as a result of incomplete or unambiguous information. Often, decisions are made without discussing
alternative options, but if some elements of the situation are familiar, actions are based on a
recognized pattern (Paris et al., 2000). At the time of the assessment, students have already practiced
CPR several times during the course sessions and in their own time. As a result of this, they may already
have become familiar with different types of events and know how they should respond to this.
Consequently, they may be less inclined to follow the entire decision-making model but instead only
use parts of the decision-making process. This coincides with the way decision-making was measured.
Behaviors of the decision-making model (Franz, 2012) were included in the codebook, but only
individual sequences of two behaviors were identified, while the whole decision-making process
entails a more elaborate collection of behaviors. Thus, if teams show separate decision-making
sequences, it does not lead to higher team performance according to the results of this study.
However, it remains unclear whether it would make a difference for team performance if teams would
go through the entire process to make a decision.

The third type of the problem-solving strategies, information sharing, was also not significantly
related to team cohesion or team performance and did not act as a mediator. A possible explanation
could be that if team members constantly provide information, wrong statements can be made that
confuse the team or more information is shared than can be processed by the team at a time. Another
possibility is that the information is not complete, and as a result does not fulfill the need for
information sharing. Thus, even when looking at a specific type of interaction, information sharing, no
explanation is found for differences in team performance. In other words, quantity of a certain type of
interaction, may still be less important in predicting team performance than the actual content or
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relevance of the information that is shared. This fits to the findings of Marks et al. (2000) who stated
that quality is more important that quantity in predicting team performance. In addition, another
possibility is that it is not just about sharing information, but also what is subsequently done with that
information. Earlier research showed that individual information sharing behaviors, like talking to the
room do not differ between high and low performing teams, but that differences are found when
looking at interaction patterns (Kolbe et al., 2014). Elaborating to these findings, it might be expected
that if the team does not respond properly to new information, the information sharing behavior may
contribute less to team performance than if a team uses the information to diagnose and treat the
patient. Thus, itis argued that sharing information by itself is insufficient to support team performance,
but that relevance of the content and how teams act upon information might be more important.

5.1 Limitations and future research

This research was conducted carefully, however there are some limitations that should be considered.
First, as data for this study was collected during an existing ALS course, it was not possible to include a
large sample size. The small sample size of 17 teams, consisting of students with similar background,
limits the generalizability of the results. Besides that, members of all teams had a similar background
in technical medicine, while CPR teams in practice might be more diverse. This leads to the question
whether this would make a difference in how teams interact. Since people with different backgrounds
might have learned different knowledge and working methods, which could possibly result in different
ways of interaction as well. Secondly, team performance was only rated by one teacher from the ALS
course per team, which means interrater reliability could not be determined for team performance.
Even though the performance scale was discussed with both teachers beforehand, who said to rate
teams similarly, it cannot be said with certainty that they rated the teams equally.

This study did not consider the time that teams had spent together during the course as a
confounding variable. As mentioned by Chiocchio and Essiembre (2009), it takes time for teams to
become cohesive. This suggests that even though some teams might be less familiar than others at the
beginning of the course, this can be compensated for by spending more time working together as a
team to become cohesive. Since no data regarding practice time was collected, this cannot be
confirmed. Therefore, it would be interesting to ask teams to report how much time they have
practiced besides the obligated course sessions. This way, it can be investigated whether teams that
have spent more time together, interact more effectively and perform better than teams that have
spent less time on practicing CPR.

Another limitation and reason for future research is about team cohesion and the use of
problem-solving strategies, as there were no low cohesive teams. The initial idea following the
research model was to do a lag sequential analysis based on a median split of team cohesion. However,
since this was not possible because of low variance in this variable, it would be interesting to do a
similar study with teams that vary on cohesion. This could show whether certain problem-solving
strategies are used more, or less often than could be expected by chance based on level of team
cohesion. Also, if there are low and high cohesive teams in the study, it would provide an opportunity
to clarify the team cohesion —team performance link in CPR.

5.2 Practical implications

This study showed no relation between team cohesion and team performance, and none of the
problem-solving strategies acted as a mediator in this relation. For training students and professionals
in CPR simulations, this means that other aspects should be focused on that might be more important
in predicting team performance than using problem-solving strategies. Future research could help to
inform instructors what type of interaction to focus on. Consequently, this could then be added in the
course learning goals. As the amount of problem-solving strategies does not seem to affect team
performance, the course might focus more strongly on how these strategies are used. For example, in
the debriefing, teachers could address the quality of information that was shared instead of focusing
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on how much students think aloud. Secondly, teams in this study were formed by students themselves,
which may explain the high levels of team cohesion. Even if teams are formed with members who do
not know each other yet, this does not seem to be problematic as all teams reported similar levels of
team cohesion at the end ofthe course. However, if teams are not familiar yet, they should be provided
with sufficient time to work together to build team cohesion. For the ALS course this means that teams
could be formed at random or could be picked by students themselves, since both familiar and
unfamiliar teams reached a high level of team cohesion.

6 Conclusion

There is not a lot of research yet about the effect of team cohesion on interaction, or more specifically
problem-solving strategies. This study tried to clarify to what extent team cohesion affects the use of
problem-solving strategies and how this relates to team performance in a CPR context. Results from a
lag sequential analysis and mediation analyses did not show any differences between high and low
performing teams. Three types of problem-solving (planning, decision-making and information
sharing) have shown not to contribute to team performance or to be a mediating factor. The effect of
team cohesion in a CPR context on the use of problem-solving strategies and team performance
remains unclear, as all teams were highly cohesive. However, as teams did differ on performance, it
can be argued that other factors than team cohesion determine how well a team performs in a CPR
simulation. One factorthat could be considered is the time that students have spent on the course, as
teams that practice more, are more experienced, in both technical and interaction skills in CPR, and
could therefore perform better. This study has shown that a lot is still unknown regarding team
cohesion and effective interaction strategies in a CPR context. Thus, more research is necessary to
identify how teams should communicate to achieve high performance.
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Appendices

Appendix | course description

Goal

The course Advanced Life Support enables students to adequately assessand treat a
patient in resuscitation setting according to protocolled guidelines by making use of a
systematic clinical approach and medical technology.

The following learning objectives are pursued:

1. The student can describe the underlying principles of therapies that are
commonly used in a resuscitation setting

2. The student can describe the possibilitiesand limitations of diagnostic
technologies that are commonly used in a resuscitation setting

3. The student is able to relate information derived from the anamnesis,

physical examination, arterial blood gas values, venous laboratory values,
echography, X-thorax and the patient monitor to an individual patient case.

4. The student can perform resuscitation in a team according to the protocol of
shockable and non-shockable rhythms ina simulated resuscitation setting.
5. The student can adequately perform chest compressions, non-invasive

ventilation techniques, medication administration, and electrical therapies
that are part of the resuscitation protocol in a simulated resuscitation setting.

6. The student can adequately communicate and collaborate ina team in a
simulated resuscitation setting.

7. The student can handover patients in a structured way according to the
SBAR methodology.

8. The student can analyze a patient in a structured way according to the
ABCDE methodology.

9. The student can propose an adequate diagnostic and therapeutic strategy

based on the available clinical and contextual information of a patient case.

Content

In the course Advanced Life Support, we will follow the guidelines provided by the European
Resuscitation Council. Yet, we do not intend to train resuscitation teams or to provide any
certifications, but to create insight in medical technologies and procedures that are relevant in
the management of patients witch a circulatory arrest.

During the course, students will practice and become acquainted with medical
technologies and skills, in which the underlying therapeutic and diagnostic principles are
underlined. Next, specific attention is given to the clinical approach of patient assessment and
the interpretation of critical body functions. The major part of the course consists of sessions
in which knowledge and skills have to be integrated and applied on a simulated patient case in
a resuscitation setting.
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Appendix Il Student survey after assessment

Vragenlijst

Hieronder volgen enkele uitspraken. Geef aan in hoeverre je het eens of oneens
bent met de uitspraak of item. Kleur daarvoor de desbetreffende cirkel in. Noteer ook de datum en je
studentnummer in de rechterbovenhoek van deze bladzijde.

Geef bij elke uitspraak een antwoord, zelfs als je niet helemaal zeker van je antwoord bent. Belangrijk om te

Datum:

Groep:

Y

Studentnr:

weten: er is geen goed of fout antwoord. Alle gegevens worden enkel ten behoeve van dit onderzoek gebruikt.

Gedurende de ALS-trainingssessie(s) van vandaag...

Volledig mee

INSTRUCTIE

Z0 INVULLEN: @

NIET ZO:

& Jd

Volledig mee eens

oneens
1 2 3 4 5 7
1. De feedback uit de nabespreking draagt bij aan mijn O]l O O O O O O
leerproces
2. Tijdens de debriefing was er voldoende tijd om de O O O O O o o
simulatie te bespreken en te reflecteren.
3. De feedback tijdens de debriefing was ondersteunend en O] O O O O O O
constructief
Gedurende de ALS trainingvan vandaag... Volledig Volledig
mee mee eens
oneens
1 2 5
4. was ik bereid omeen uitdagend scenario te doen waar ik O O O O O
veel van kan leren
5. benik op zoek geweest naar kansen om nieuwe O O O O O
vaardigheden en kennis op te doen
6. deed ik graag uitdagende en moeilijke taken waar ik O O O O O
nieuwe vaardigheden door heb geleerd
7. was het ontwikkelenvan ALS-vaardigheden zo belangrijk O O O O O
dat ik het niet erg vond om fouten te maken
8. werkteik het liefst in scenario’s die een hoog niveau van O O O O O
vaardigheden en talent vereisten
9. hebik nagedacht over welke kennis ik al had en wat ik O O O O O
nog moest leren over ALS vaardigheden
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Volledig mee

Volledig mee

oneens eens
10. ben ik bewust geweest van wat ik heb geleerd en O O O O O
waarom
11. heb ik mijn werk als lerende constructief beoordeeld O O O O O
Gedurende de ALS-trainingssessie(s) van vandaag...
1 2 3 4 5 6 7
12. Was er een gevoel van eenheid en samenhang in mijn O O Ol O O O O
team
13. Was er een sterk gevoel van samenhorigheid tussen O O Ol O O Ol O
mijn teamleden
14. Voelden mijn teamleden zich verbonden met elkaar O O ol O O O] O
15. Hadden mijn teamleden een gedeelde focus op onze O O Ol O O O O
taak
16. Concentreerde mijn team zich op het voor elkaar krijgen O O Ol O O Ol O
van onze taak
17. Werkte mijn team nauw samen om onze taak te voldoen O O o] O O o] O
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Appendix Ill team performance scale

Teameffectiviteit

en prestatieschalen

voor docenten

Team effectiviteit

Erg inaccuraat

Groep:

Datum: /
Tijd blok
scenario nummer

Shock/non-shock:

beoordelaar:
INSTRUCTIE

Z0 INVULLEN: @
NIET ZO: )

Erg accuraat

1 2 3 4 5 6 7
1. Ditteam is steeds een goed presterend team. O O O O O o o
2. Ditteam is effectief. O O O O O o o
3. Dit team maakt weinig fouten. Ol O O O o O o
4. Ditteam verzet kwalitatief hoog werk. Ol O O O o O o
ALS effectiviteit
1 =onvoldoende, 5 = uitstekend
-- - +/- + ++
1 2 3 4 5
5. ALS-protocol O O O O O
6. Uitvoering handelingen O O O O O
7. Diagnostiek en klinisch redeneren O O O O O
8. Therapeutisch plan O O O O O
9. Werkwijze O O O O O
Leiderschapseffectiviteit
1 =volledig mee oneens, 5 = Volledig mee eens
Volledig mee oneens Volledig mee eens
1 2 3 4 5
10. Vergeleken met andere leidinggevenden is deze O O O O O
leidinggevende niet erg efficiént.
11. De manier waarop deze leidinggevende functioneert is O O O O O
een goed voorbeeld voor andere leidinggevenden.
12. Deze leidinggevende slaagt er vaak niet in doelen te O O O O O
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behalen.

13. Deze leidinggevende heeft succes binnen het team. O O O O O
Zeer inefficiént Zeer efficiént
14. Ik vind deze leidinggevende: O O O O O

zeer inefficiént (1) - zeer efficiént (5)

Team performance (Vertaald uit Gibson, Cooper, & Conger, 2009)

1. Met een consistent goed presterend team wordt bedoeld: Een team dat gedurende het hele
reanimatie- scenario goed presteert.

2. Een effectief team wordt gedefinieerd als team dat doeltreffend werkt, zijn doelen behaalt, in de
algemene zin. Een doel kan bijvoorbeeld zijn: het komen tot de juiste diagnose. De nadruk wordt
hierbij gelegd op het behalen van het doel, en in mindere mate op het proces.

4. Met kwalitatief werk doelt men zowel op de technische als de niet-technische aspecten van het

werk.

Origineel:

1 = very inaccurate, 7 = very accurate

“This team is consistently a high performing team.”
“This team is effective.”

“This team makes few mistakes.’
“This team does high quality work.”

bl

Hpwbn e

ALS performance (ALS scorelijst, TG)

5. ALS protocol
Weging: 20%

Onder ALS protocol wordt verstaan:

a. primaire diagnose: De patiént aanspreken, schudden, respons afwachten, in mond kijken
en/of voelen, chinlift, look/listen/feel (> 7 sec.), en pols voelen (> 4 sec) voor start
compressies.

b. Reanimatie cyclus: directe start na primaire diagnose, minimale interruptie, 30:2 ratio
compressies: beademingen

c. Snelle ritmecheck: vroeg en juiste interpretatie

d. Indicatie defillibratie: shock vs. non-shock

e. Opvolging handelingen protocol: aanhouden 2 min. cycli

6. Uitvoering handelingen
Weging: 20%

Onder uitvoeringen handelingen wordt verstaan:

a. Compressie techniek: juiste handplaatsing, frequentie (100/min)
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e.

f.

Kap beademing techniek: correcte mayo tube maat selectie + plaatsing, en correcte
handpositie + teugtoediening.

Ritmecheck methodiek: onderbreken compressies, pols voelen, en gezamelijke
interpretative ritme.

Defillibratie techniek: correct gebruiken defillibrator, waarschuwing omgeving (“bed
vrij”).

Intubatie techniek: material selectie en controle, juiste intubatie techniek (max. 12 sec), en
controle via look/listen/feel techniek.

Medicatie toedieningswijze en dosis: juiste concentratie en juiste toegangsroute.

7. Diagnostiek en Klinisch redeneren
Weging: 40%

Onder diagnostiek en Klinisch redeneren wordt verstaan:

oo ow

f.
g.

ABCDE systematiek: volgorde en compleetheid

Inzet anamneses: relevantie en compleetheid (algemene, speciéle, aanvullende anamnese)
Inzet lichamelijk onderzoek: relevantie en compleetheid (volgens ABCDE)

Inzet diagnostische technieken: relevantie en compleetheid (monitor, lab, ECG, echo, X-
thorax)

Interpretatie diagnostische informatie: juiste interpretatie diagnostische uitslagen
(anamnese, lichamelijk onderzoek, monitor, lab, ECG, echo, X-thorax)

Diagnostische conclusie: correcte diagnose stelling

Reassessment: herevaluatie bij verandering status

8. Therapeutisch plan
Weging: 10%

Onder dit item wordt verstaan:

a. Behandeling onderliggende oorzaak: passende behandeling
b. Post-resuscitation care: overdracht naar passende afdeling/specialist, en adequate follow-
up strategie
9. Werkwijze

Weging: 20%

Onder werkwijze wordt verstaan:

a.
b.

Closed loop communicatie: naam benoemen, bevestigen, heldere communicatie

Onderling overleg en samenwerking: overleg en samen besluit nemen, en elkaar helpen bij
onzekerheid.

Overdracht volgens SBAR: SBAR componenten aanwezig
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Appendix IV Demographics

Demografische gegevens

Ten behoeve van het onderzoek, willen we onder andere enkele demografische gegevens van je
weten. Vul dit zo nauwkeurig mogelijk in. Deze gegevens zullen direct worden overgegeven aan de
onderzoekers en zullen NIET worden gedeeld met anderen.

Bij voorbaat dank voor je medewerking!

Studentnummer

S

Specialisatie

van de master

(O Medical Sensing and Stimulation

(O Medical Imaging and Interventions

Leeftijd

Geslacht

Oman

Ovrouw

In welk team zit je?

Met hoeveel van je teamleden heb je eerder samengewerkt?

(O Ik heb met niemand samengewerkt
(O lk heb met 1 persoon samengewerkt
(O lk heb met 2 personen samengewerkt

(O lk heb met 3 personen samengewerkt

Hebben jullie al eerder in deze samenstelling gewerkt?

Oja, al 1 keer eerder
(Oja, al meer dan 1 keer

(O nee, maar ik werkte wel al samen met het overgrote deel van dit team

Onee

Volgde je al eerder ALS of een soortgelijke team training?

Oja
Onee
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Appendix V Data encryption plan

The data has been collected based on student numbers. That is why the data falls under the category
personal data, which needs to be protected. We believe that this applies to our research of the
following reasons:

1. The video material is linked to student number within a protected environment.

2. The student remembers his own student number. In case that a participant forgets an assigned
number, this leads to process delay or whole student teams need to be excluded. Possible
consequences: student numbers are exchanged (data is no longer available) reliable), the procedure
is delayed.

The data is encrypted based on the student number and only accessible to one assigned person of
the research team. Without this person, individual data and the encrypted data cannot be matched.
With the aggregation of data on the team-level, it cannot be reproduced which participants with
which student numbers belong to which group. With the encryption and aggregation of data,
individual inferences are made impossible. Because of the mentioned measures, we conclude that
data collection based on anonymized numbers can compromise the reliability of the research bring.

In practice

All physically collected data contained the student numbers, which was filled out by the respondents
themselves. Personal data (name or student number) will be just available digitally to the principal
investigator that created the protected key list.

We are aware that this way of collecting data entails risks but believe that this was the best possible
solution as a full anonymization was not possible due to a lack of resources (time). The data will be
handled very carefully, and everything is locked up latch (digital and analogue).

Category Location Accessible by
Student numbers Personal Analog Joscha Friedrich
New number Anonymized Digital Research team
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