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Abstract
Medical simulation education allows trainees to work together in teams, and to practice assuming the roles of leader
and followers, while completing real-world scenarios designed to develop the skills needed to be effective in clinical
practice. Despite the importance of residents developing leadership skills to optimize performance and patient
outcomes, gaps exist in our understanding of how leadership affects teamwork dynamics, and how leadership skills
are observed during crisis resource management (CRM) medical simulation training. Research often frames medical
education training from the perspective of self-regulated learning (SRL) and socially shared regulated learning
(SSRL) framework, but there is a need to use theory-guided approaches to how SRL and SSRL can be used to teach
leadership skills. This study explored how the SRL and SSRL strategies employed by leaders influence teams during
CRM medical simulation education scenarios.

Eight second-year Internal Medicine residents were observed as they engaged in two CRM simulations
within a high-fidelity medical education simulation environment. The research team observed behaviors, SRL and
SSRL strategies, and the leadership and communication skills of the leaders. Behavioral and regulatory coding using
the SRL/SSRL group regulation perspective showed that more successful CRM leaders made more frequent use of
communication, organizational, and group regulation strategies and were thus able to utilize the assets of their team
more effectively than leaders who used these skills less frequently. SRL and SSRL are under-examined frameworks
in medical and simulation education. Our current case-based analyses illustrate that these frameworks can provide a
valuable lens to examine and better understand team behaviours in these contexts. Future work will continue to
explore the educational applications of SRL/SSRL group regulatory strategies can improve CRM leadership.

Keywords: medical education, simulation training, leadership, self-regulated learning, socially-shared

regulated learning
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Introduction
Crisis Resource Management in Medical Education

Crisis Resource Management (CRM) is a core set of skills and behaviors that can be applied to a variety of
crisis environments, including air safety, emergency response, and medicine. Core CRM skills include leadership,
communication, problem-solving, resource utilization, and situational awareness (Burke et al., 2006; Carne et al.,
2012a; Fernandez Castelao et al., 2013; Marsch et al., 2004). The goal of CRM skills within a medical setting are to
foster effective communication between leaders and subordinates, facilitating the prompt identification and
resolution of complications before they escalate to a level that could adversely impact the patient outcome. CRM has
a long and established relationship within medical simulation training (Carne et al., 2012b; Reznek et al., 2003) and
is incorporated into simulation-based learning with the aim of ensuring that medical trainees develop these skills
(Lai et al., 2016) in a safe and supported environment (Brydges et al., 2015; Teis et al., 2017). Different kinds of
simulators can be employed across different stages of medical training, including mannequins, tissue models,
computer and virtual reality-based simulations, and standardized patients. The use of simulation-training has
emerged as a critical mode of instruction and is an accepted part of training, assessment, and research in all levels of
medical education from novice to experienced board-certified physicians (Cooper & Taqueti, 2008; McGaghie et al.,
2010).

CRM training scenarios typically cover a variety of different problems where the participants must work
through initial diagnoses and have enough situational awareness to continually collect and assess information
(Burden, 2020). Simulations allow these core principles and guiding criteria of CRM to be taught and practiced in a
dynamic environment to help medical trainees connect these principles to practice. The goal of these CRM
simulations is to prepare participants to handle the inter and intra-personal challenges brought on by cognitively
demanding circumstances that surround delivering effective medical care. Recent literature supports the use of
simulation learning environments to increase trainees’ ability to select and employ CRM skills (Alegret et al., 2023;
Lucas et al., 2020). Moreover, the inherent cognitive stressors of patient deterioration, the uncertainty of group
dynamics, and the opportunity to experience the stresses of leadership and decision-making, challenge medical
trainees in a way that no other CRM learning can(Ellington & Farrukh, 2020). CRM simulations train medical
learners to be team leaders and team members. Medical trainees must understand the importance of effective

leadership and effective followership to optimize patient outcomes, as both roles require complementary skills.
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These medical learners and future clinicians are called to act in both roles throughout their careers, so developing
these lifelong skills to be a good leader and a good team member are critical to their role as medical professionals.
As leaders, medical trainees learn how to manage the delivery of safe and timely care while maintaining group
cohesion and situational control, and to ensure that tasks do not devolve under the emotional weight of potentially
split-second decisions (Fernandez Castelao et al., 2013). To succeed, leaders must organize team members and
effectively manage their deployment (Gabel, 2014) throughout the course of patient care. Research into team
regulation in medical simulations has suggested that medical trainees understand the value of leadership in order to
manage a team, but many trainees are unsure how this regulation occurs (Bransen, Govaerts, Panadero, et al., 2022;
Bransen, Govaerts, Sluijsmans, et al., 2022) beyond the need to bring self-regulatory skills to work within a group.
This management has also been described as involving a distinct movement from the individual concerns of the
leader, towards a clearly communicated vision of shared goals amongst a whole team(Saeed et al., 2024).

Research has suggested that CRM training positively effects leaders’ ability to communicate and
understand how to effectively share mental models and communication with team members (Parsons et al.,
2018).The criteria for good teamwork, such as the “Big Five” teamwork traits by Salas (Salas et al., 2005), include
leadership, mutual performance monitoring, backup behaviors, adaptability, and team orientation, are the types of
attitudes that need to be practiced and internalized by all leaders and team members in order to effectively manage
patient care. All these strategies require group regulation and the active involvement of the leader to encourage these
traits so that their team performs at its peak. These strategies, when employed effectively, can help to build strong
communities of inquiry (Garrison et al., 1999) that can help to guide effective teamwork and develop a team’s sense
of cooperation as they accomplish tasks. By examining how medical trainees regulate themselves while leading
CRM scenarios, we can also better understand how their strategies and behaviors influence the performance of their
team.

This research in CRM medicine, examining teamwork and leadership, has traditionally relied on self-
reported leadership evaluations (Hicks et al., 2008) and reports of team members in order to ascertain the quality of
learning that has occurred in simulations. The challenge of assessing this comes from the difficulties in ‘breaking’
the continuity of simulations to assess learners’ performance which may been interpreted as a “simulation artifact”
which could move the learners’ attention away from their task. This need to expand how CRM skills are taught has

been echoed in literature detailing the field’s continual move towards new and novel methods to understand how
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leadership and skills development are framed in research and lab-based practice (Lucas & Edwards, 2017). This
study chose to diverge from this practice, instead focusing on the use of post-simulation scoring of behavioral
observations and interactions to describe the types of SRL and SSRL interactions that were occurring throughout a
CRM medical simulation.

The Need for Regulation Within Medical Education

In both medical simulations and real-world clinical rotations, medical trainees often struggle to regulate their
learning because of the unpredictable, dynamic, and challenging nature of their work (Bransen et al., 2020).
Simulations align with themes of adult learning theory, which presupposes that adult learners are self-directed and
goal oriented, and that they expect to be instructed in a timely and efficient manner (Sinz, 2005). Simulations create
an environment of experiential learning where learners can engage in deliberate practice to learn and ultimately
master technical and nontechnical skills. For adult learners to extract the maximum learning potential from these
simulations, they must employ self-regulated learning (SRL) strategies. SRL is defined as the process wherein
individuals manage their learning through preparatory planning, performance, and appraisal of their work (Jansen et
al., 2019; Zimmerman, 2002). Effective SRL requires setting goals, metacognitively monitoring performance, and
self-reflecting on that performance to remain motivated to continue learning. Regulation can occur within an
individual at the behavioral (Kazemitabar et al., 2019), affective (Ben-Eliyahu & Linnenbrink-Garcia, 2013; Li et
al., 2021), cognitive (Lajoie et al., 2021), and motivational (Efklides, 2019; Jarvenoja et al., 2018) levels and plays a
critical role in a learner being able to further their own learning. Once individuals can bring regulatory skills
together, team members can merge their needs with that of the group to work as a team (Hadwin et al., 2018).
Socially shared regulated learning (SSRL) describes how learners in a team regulate their learning together (Hadwin
& Oshige, 2011; Jarvela & Hadwin, 2013), requiring individuals to negotiate personal interests, contextual factors
and teamwork dynamics. SSRL focuses on the processes that lead team members to share the regulation of their
collective learning activity, directed toward achieving their goals in CRM, in which a premium is put on the
management of intra-personal demands of medical practice, and the need to manage the regulation of a team
(Hadwin & Oshige, 2011). The need for SRL as a part of adult learning, and the demanding and dynamic nature of
medical practice underscore the need for medical learners to employ SRL and SSRL as a central part of instruction,
and a valid lens from which one can examine the value of medical simulations (Burden, 2020; Sinz, 2005). Medical

practice, like any collaborative learning activity, involves engagement that can be momentary and dynamic, in



142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

LEADERSHIP IN CRM SIMULATIONS

which coregulatory interactions may occur within episodes of SSRL and SRL (Bransen, Govaerts, Panadero, et al.,
2022). Thus, learners may concurrently engage in different forms of regulation that may run in tandem during
collaborative situations.

Studies examining the self-regulation skills of medical trainees have suggested that, without a foundational
grasp of self-regulation, group regulation becomes difficult in medical situations (Bransen, Govaerts, Sluijsmans, et
al., 2022; Goldowsky & Rencic, 2022; Tanimura et al., 2023). This lack of personal command over learning can
have detrimental effects on the cohesion and effectiveness of a team once the stresses of team dynamics are present.
Research into regulation amongst medical trainees, including studies by Bransen et al., (Bransen, Govaerts,
Panadero, et al., 2022) have described how the application of self-regulation training to medical residents can be
used to facilitate group regulation which can lead to improved performance outcomes (Greenberg et al., 2023;
Innocenti et al., 2016). Indeed, studies in surgical education (Johnson et al., 2019; Turan & Konan, 2012), general
practice (Sagasser et al., 2015), and pre-clinical training (Versteeg et al., 2021) have suggested that a focus on SRL
helps to make medical students and residents more aware of their own thinking and how they can best help their
own learning. In turn, a SRL approach can influence how medical trainees respond to situations involving patient
care, and how they learn to act as team members. SRL research is too often examined from the perspective of
medical trainee performance and self-report data (Bransen & Govaerts, 2020; Gandomkar et al., 2020), with more
literature needed to focus on observable behaviors that are shown by medical trainees. In addition to these gaps,
existing literature describing SRL and SSRL skills in medicine, much of the focus has been limited to examining
SRL in clinical, residency training (Artino et al., 2014; GandomkKar et al., 2016), and there has been far less
documentation of how SRL and SSRL can be used to describe CRM training in postgraduate medical simulation
training.

Simulation scenarios have several benefits to medical trainees. Team-based sessions give medical trainees
the opportunity to improve their technical skills and acquire the knowledgebase needed to deliver patient care. In
addition to the clinical skills needed to be a board-certified practitioner, simulations also provide trainees with an
opportunity to hone their interpersonal skills, such as teamwork, communication, leadership and SRL (Brydges et
al., 2010; Brydges et al., 2015) through self-reflection activities and feedback from facilitators. These skills are
critical in laying the foundation for trainees’ lifelong learning in the medical professions, and for developing the

skills they will need to succeed in their careers. These opportunities to develop critical skills through feedback help
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trainees to refine the skills needed for the interpersonal and group-level regulation (Panadero et al., 2019) required to
operate in fast-paced, high-stakes medical environments.
Research Objectives
We aimed to study the role of leadership and how leaders affect the SRL and SSRL strategies of a medical team
during CRM simulations. Specifically, we identified and coded “key moments of leadership” in situations requiring
critical decision-making from a leader, focusing on how observable behaviors and regulation strategies were
employed at critical moments in the simulation. The following research question guided our inquiry:

e (1a) Which SRL, SSRL, and behavioral strategies do leaders demonstrate during variable team-based

performances in CRM simulation scenarios? and

e (1b) Are leaders’ SRL, SSRL, and behavioral strategies associated with their objective performance scores?
Materials and Methods
Research Methodology
Case study methodology (Creswell, 2014) was used to explore how behaviors, SRL and SSRL were exhibited
during medical simulations (Apramian et al., 2017; Young et al., 2020). This case study used content analysis
(Berger-Estilita et al., 2021) to code for leaders’ SRL, SSRL, and behaviors. These codes emerged as a result of both
inductive and deductive coding (Albert et al., 2019) to create a more authentic examination of how the leader
performed during simulation. Concurrently, testing these codes on our data helped refine and enhance the research
team’s understanding of how SRL and SSRL relate to leadership and CRM skills.
Participants
Eight 2nd year residents in Internal Medicine program participated. They all had comparable levels of training and
clinical experience. Participants were grouped into two teams of four residents and wore color-coded bracelets to
identify them: Team A (Purple, Yellow, Red, and Blue), and Team B (Orange, White, Black, and Green). Each team
completed the same two scenarios (e.g., Team Al for Team A scenario 1) and had one appointed leader and three
residents in supporting roles (e.g., acting as a respiratory therapist (RT) or supporting physician). Between each
simulation scenario, leadership and resident roles were re-assigned.
Simulation Context
Simulations were part of the medical residents’ curriculum, and the research team had no control over the selection

of participants. These simulations were based on CRM training scenarios using programmable high-fidelity
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mannequins as “patients”. As a core part of their residency training, trainees are expected to exercise and effectively
demonstrate leadership, communication and resource management ‘leaders’ in cases requiring in team-based care.
These themes are explicitly taught during the mandatory academic half-day training activities where our study took
place. Specifically, residents received a 30-min introductory lecture on crisis resource management principles
(leadership, communication, problem solving, situational awareness, and resource utilization) and are specifically
debriefed and assessed on these skills following participation in the simulated scenarios. Our study was
observational and, as such, did not entail any additional instruction to residents. These mannequins can be monitored
for evolving physiological activity and interact with trainees through a speaker located in their mouths, controlled by
a live simulation technician observing the scenario through a window. In the scenarios, the mannequins showed
prespecified clinical deterioration to challenge the residents’ clinical and CRM skills. The simulation scenarios
included major gastrointestinal bleed (Scenario 1), and status asthmaticus (Scenario 2) (Detailed descriptions in
Table 1). A debriefing was conducted at the conclusion of every simulation scenario where teams involved in the
simulation had the chance to discuss the simulation and get timely feedback from simulation educators and team
members who participated in the simulation, about their performance in the scenario. For our study, data was
collected from each team separately, with independent debriefings at the end of each scenario.

Data Collection

Data were collected from four medical simulations recorded in December 2021 at a university simulation training
center. Audiovisual recordings were made of all simulations using a camera at the head of the ‘patient’s bed’ for
post hoc analysis. Each scenario lasted approximately 10 minutes and was followed by a debriefing session.

Tools

The following tools were used to analyze data:

1. Coding scheme. Our coding scheme included codes for 1) behaviors (posture and gestures, facial
expression, and vocalics), and 2) regulation strategies (individual self-regulation and socially-shared
regulation). This coding scheme borrowed established codes for behaviors (D’Mello & Graesser, 2010;
Eckland et al., 2019; Frischen et al., 2007; Maedeh et al.; Mandal, 2014; Sauter et al., 2010), SRL (Hacker
et al., 1998; Jansen et al., 2019; Zimmerman, 2002) and SSRL (Grau & Whitebread, 2012; Hadwin &
Jarveld, 2011; Hadwin & Oshige, 2011; Harley et al., 2019; Hmelo-Silver & Barrows, 2008; Isohitila et

al., 2017; Isohatala et al., 2018; Jarvenoja et al., 2018; Kwon et al., 2014; Lajoie et al., 2015; Lajoie & Lu,
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226 2012; Lajoie et al., 2021; Lee et al., 2017; Panadero et al., 2019; Panadero & Jérveld, 2015; Sobocinski et
227 al., 2020), which were then modified to fit a medically-based context. The codes were tested by the coding
228 team using medical simulations and the researchers adjusted them based on input from researchers,

229 simulation educators, and medical doctors, who provided expertise on how the codes were being described
230 within the context of a medical simulation, to observe the constructs while coding.

231 2. Leadership scale adapted from the Ottawa CRM Global Rating Scale (Ottawa GRS) This scale is
232 regularly used within CRM simulations to assess the leaders’ overall performance (Kim et al., 2009). The
233 tool includes scales for the five core principles: 1) leadership, 2) situational awareness, 3) communication,
234 4) problem solving, and 5) resource utilization. These cognitive skills are an implicit as well as explicit part
235 of medical trainees’ CRM training and are expected to be employed in an increasingly sophisticated

236 manner as they advance from novices to competent practitioners. Each of these criteria are assessed via a 7-
237 point Likert scale rated from 1 (implying a ‘novice’ level rating) to 7 (implying an ‘expert’ level rating),
238 with all categories rated as equal factors of a composite measure of all core principles. Researchers

239 modified the questionnaires by eliminating three categories (problem solving, situational awareness, and
240 resource utilization) that were outside of the focus of the study, focusing on 1) leadership and 2)

241 communication. The categories used to code the appointed leader in every team were: Leadership: A) calm
242 and cool during crisis; B) prompt and firm decision-making; and C) maintaining a global perspective of the
243 scenario; and Communication: A) communicates clearly and concisely; B) directed verbal/non-

244 verbal communication; C) listens to team input. The research team separated each rating criterion for

245 ‘leadership’ and ‘communication’ into three subcategories. Kane’s validity model (Tavares et al., 2018)
246 suggests that the modification of the Ottawa GRS can fulfill a specific need for this project without

247 compromising the integrity of the measure as well as our research questions. Since that the Ottawa GRS
248 was not used in a clinical assessment of a learner, removing extranious components that would not help the
249 research team answer its questions resulted in us removing the ratings of ‘problem solving’, ‘situational
250 awareness’, and ‘resource utilization’. This allowed the research team to avoid spending extra time to rate
251 components of the measure that would never be used to answer our research questions.

10
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Coding Process
In the first iteration, researchers began by coding the group interaction of each video individually. The codebook
contained codes for behaviors, SRL, and SSRL strategies that could be observed in the simulation recordings.
Codes were iteratively adjusted to make them easier to use and more explicit in coding the target constructs. Three
raters were trained in how to use the coding book, to ensure that any agreement/disagreement could be negotiated.
Raters were instructed to look at the "key moments of leadership” that were a central focus of this study. These “key
moments” (segments for analysis) were determined by using the learning objectives for each simulation scenario,
which included the identification of 1) clinical deterioration of the patient requiring a prompt medical intervention to
correct the situation; 2) management of the team; and 3) resource deployment, wherein the leader had to use medical
supplies and available equipment to manage the clinical case. Table 2 describes the raters and their coding of key
leadership moments before and after deliberation. Amongst the raters, M.M. and K.G. come from educational and
medical education research backgrounds, while L.P. is a medical doctor and provided input on content-specific
questions. These perspectives and relationships to the medical simulations and the nature of medical training
provided the team with contrasting and complementary perspectives to observe the simulation’s leaders. The use of
both medical and non-medically trained raters in the Ottawa GRS have validity support (Kim et al., 2009), as the
criteria, categories, and language used by these designers are meant to be accessible to non-medical specialists. In
addition, the input from our team of medical doctors and simulation educators allowed us to ask questions and seek
content-specific medical information that was needed to clarify interactions and events within the simulation videos.
Raters coded videos individually, and then came together to negotiate the “key moments of leadership”
they observed, and which behavioral and regulatory strategies surrounded those moments. The code book that raters
used was organized in the form of 1) a superordinate category, 2) a definition of that category, 3) an example of
what that definition may look like, 4) followed by subordinate codes that were embedded in these categories, and 5)
were followed by definitions and examples, identical to the superordinate codes. Raters tested these codes and
refined the definitions and examples to help ensure that they were clear enough for a non-expert to score. The code
book drew upon, and modified, existing codes and definitions that researchers who had engaged in a similar coding
process used, thereby allowing our research team to expand on this established literature. Raters coded the events by
examining the videos and comparing what they saw in the videos to the codes that best matched those interactions

and decisions made by the leader. A “key moment of leadership” involved the rater noting the time of the event,

11
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followed by the code(s) that were present during that event. Differences in the events and codes were negotiated by
observing the period in question jointly and re-examining the codes applied. Cohen’s Kappas after the first
negotiation are reported in Table 3 with ranges from 0.73 to 0.85 before deliberation, representing ‘moderate-to-
strong’. Perfect agreement was reached after deliberation.

In a second iteration, raters coded the “key moments of leadership,” using the Ottawa GRS scale according
to the coding categories of ‘leadership’ and ‘communication’. When differences arose, the raters came together to
negotiate scores, and it was decided that any score difference within 1 point (on the 7-point scale) would not be
altered and would be considered valid. Cohen’s Kappas for Leadership and Communication are reported in Table 3.
Cohen’s Kappa ranged from 0.79 to 0.89 before deliberation, representing ‘moderate-to-strong’ agreement
(McHugh, 2012) (Table 3), and perfect agreement after deliberation. Interrater reliability scores for these measures
fall within the acceptable limits of those reported in the previous publication of the Ottawa CRM (Kim et al., 2009).
The final ratings can be seen in Table 4.

The final codes' descriptive statistics can be seen in Table 5. All codes were calculated and presented as a
frequency and percentage to indicate how many times a code appeared, and the percentage of overall codes
represented by that code; for example, (15/.30) would indicate that a particular code appeared 15 times, which
accounts for 30% of all the codes for that scenario. For analysis, teams were compared based on the scenarios that
they completed.

Results

Scenario 1: Major Gastrointestinal Bleed

In scenario 1, Team Al’s leader, Purple, used executive monitoring strategies (C.2.4. executive monitoring) to
manage their team, such as checks for knowledge and confirmation of task directions (10, 24%; these codes appeared
10 times, accounting for 24% of all the codes for Team A in Scenario 1), to encourage team members to report,
collect, and share information. For example, during the opening 2-minutes of the simulation, the leader ordered
team-member Blue to call the laboratory and report on the patient’s previous bloodwork. Blue quickly executed this
task and relayed that information to all members of the team, ensuring that they were all aware of the most up-to-
date information. This information allowed leader-Purple to use effective, directed attention (12, 8%) when issuing
orders and speaking with team members and take information that Blue provided to team members Red and Yellow

as the leader sought team feedback on the diagnosis. This facilitated the information flow towards the leader during

12
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moments of patient deterioration, allowing them to make accurate and prompt decisions (12, 29%; C.2.2.) 5-minutes
into the simulation to stabilize the patient. When delivering treatment, the leader employed orientation strategies
(C.2.1)) (10, 24%), allowing them to come up with a treatment plan (C.2.2. planning) (12, 29%) that incorporated
active feedback from all team members, which, when executed effectively, controlled the patient’s bleeding and
clinical deterioration (C.2.3. execution) (7, 17%). The timely use of collecting information, vocalizing that
information and delegating tasks was important to the execution of this scenario for the team.

In contrast, Team B1’s leader was far less involved with collecting information from teammates (related to
collecting and effectively using the crash cart resources; C.2.1. orientation; 2, 5%). This was evident through less
frequent face-to-face contact (7/ 4%) with team members to solicit information, which was followed by a lack of
regular updates or checks for understanding during the clinical scenario. For example, the leader was located at the
foot of the bed, a common location for the lead-physician to be located to control the flow of care and information,
but they too often did not make active eye contact with teammates when collecting information and providing
orders. This contributed to less information being gathered by the leader, and less pertinent information reaching
team members, hindering prompt clinical decision-making and negatively affecting the patient’s outcome.
Additionally, the leader was seen using inhibitory (C.3.2.) (1, 3%) and negative social interactions (C.3.6.) (4, 11%)
when managing team members. Approximately 4-minutes into the scenario, the leader formulated their diagnosis
and did not seek input from their teammates. During this, team member Green asked to see if they can be of any
help as the patient begins to deteriorate, and the leader actively discouraging participation even though they had
potentially vital information about the patient’s medical condition that could be used. This inability to socially-
regulate and share a mental model for how the patient could be treated persisted throughout the scenario. This could
have contributed to poorer performance. Notably, there were no coded leadership behaviors or strategies observed
during the management of the patient’s deterioration, as the leader did not engage with their team.

Team Al diagnosed the gastrointestinal bleed and its etiology almost 2 minutes before Team B1 (The
scenario lasted approximately 10 minutes). Team A’s leader asked for the patient’s chart from the outset, allowing
the team to make a prompt diagnosis. On the other hand, Team B1’s leader waited several minutes before gathering
the same information. In examining the Ottawa GRS ratings, Leadership global scores were higher for Team Al’s

leader than Team B1’s leader, which could help explain the differences in the simulated patient’s outcome, that
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resulted from their leadership performance. Communication scores were higher for Team Al (M= 7) than Team
B1(M=4.67), reflecting the clearer communication and directions provided by Team Al’s leader.

Scenario 2: Status Asthmaticus

In scenario 2, Team A2’s leader regularly engaged their team by collecting information (C.2.1. Orientation; 10,
12%) and setting clear plans (C.2.2; 6, 7%) for their team to follow, as they worked to diagnose the status
asthmaticus. These actions were highlighted by asking team members Red and Blue to collect as much information
on the patient’s past and current condition as possible in the opening 2 and a half minutes of the scenario. When the
patient began deteriorating at approximately 3 minutes and 38-seconds into the scenario, the leader changed their
approach and utilized a few execution strategies (C.2.3.; 3, 4%) including ordering Purple to provide IV access and
Red to get chest x-rays to examine any obstructions in the patient’s airway. This led them to undertake tasks such as
collecting and delivering life-saving medication- a task that the leader could have delegated to another team
member. It was during this time, approximately 7 minutes and 50-seconds into the scenario, that team member
Purple began to spontaneously direct other team members while the leader was fixated on collecting medications for
intubation. Difficulties emerged as the patient began to desaturate and oxygen levels decreased. This resulted in the
team identifying the problem but led to difficulties in determining the best intervention to help the patient. The
leader decided to intubate the patient approximately 9 minutes into the scenario, which is a measure of last resort, as
there are other less-invasive treatment options that were not contemplated by the leader before making this
therapeutic decision. During this process, the leader remained calm and spoke in a clear tone to the group (4/ 3%),
but there were underlying difficulties in their response. Despite collecting information on the patient’s status
(11/14%), the leader did not involve team members in the decision to intubate. While beginning the process of
intubation, the leader did not delegate team members to get the materials and failed to give them directions (3/ 2%),
reflecting the loss of global perspective in successfully planning the course of action (C.2.2.; 0, 0%).

Team B2’s leader was able to use their team to collect information on the patient’s condition (C.2.1.
orientation; 7, 16%) and plan accurate interventions for the patient (C.2.2. planning; 3, 7%). This facilitated the
information flow and permitted the team to manage the resources, including the timely delivery of a crash-cart and
preparations of medication that occurred within the first 4-minutes of the scenario. This helped to organize the
personnel needed to stabilize the patient. This flow of information was invaluable during the patient’s deterioration,

when the collection and flow of information (C.2.1. orientation; 16, 26%), successful planning (C.2.2.; 14, 31%),
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and execution (C.2.3.; 4, 9%) of medical treatment allowed the team to meet the needs of the patient. Once an
intervention to support the patient’s respiration was required, the leader passed on to the respiratory therapist (RT;
team member Orange) a certain amount of authority to manage the hands-on treatment of the patient as well as the
organization of team members Orange and White, which allowed the RT to obtain additional assistance from other
teammates to complete the complex task of airway management. This freed the leader from directing other
teammates to support the RT's work, thereby allowing the leader to better maintain a global perspective. This
decision played a role in helping the team develop their social interactivity (C.3.4. Interactive Social Presence (ISP);
4, 10%), and indicated the flexibility of the leader to respond to the needs of the patient and team. The SSRL use of
ISP and facilitation codes (C.3.1) allowed for the leader to organize the groups’ ability to confirm the direction of
their shared treatment goals to stabilize the patient.

Differences in Teams A2 and B2 emerged in how they regulated their responses to the patient's
deterioration. When Team A2’s leader became fixated on performing tasks and ineffectively communicated their
directions to the team, a new leader had to emerge to manage the group. Meanwhile, Team B2’s leader managed
their team by relinquishing some of their control to respond to the patient’s need for more delegated care. The
communication (M= 7) and leadership (M= 6) Ottawa GRS ratings reflected higher ratings for Team B2.
Discussion
To address our first research question “Which SRL, SSRL, and behavioral strategies do leaders demonstrate during
variable team-based performances in CRM simulation scenarios?”, that across all four teams, we observed that SRL
and SSRL strategies were employed by all leaders to maintain control in a critical situation. Leaders in Teams Al
and B2 tended to exhibit higher Ottawa GRS scores for Leadership and Communication, which could be an
indicator of the use of these strategies to organize and lead their teams to greater effect. These qualities echo the
behaviors needed to support a team through engaged leadership, adaptability to meet patient demands, and a team
orientation (Salas et al., 2005), where leaders were able to get everyone on the team to cooperate to accomplish their
task. In comparison, leaders in Teams A2 and B1 employed similar SRL and SSRL strategies including monitoring
(C.2.4)), orienting (C.2.1.), and planning (C.2.2.), but they also used negative SSRL strategies that compromised
their abilities to share information and promote team cohesion. When examining the behaviors exhibited by leaders,
a leader must have the physical presence to command their team. Using direct eye contact with others (B.1.d. gaze

towards others) was a powerful tool to collect information and offer team members directed instruction to complete
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tasks. The use of many of these behaviors by leaders in teams Al and B2 could suggest that using direct eye contact
was a central behavior in helping the leader command the group and offer psychological cohesion (Luft et al., 2022).

The ability of leaders to regulate their own behaviors and learning can be a useful step towards advancing
their teams’ performance. These results suggest that CRM simulations can help advance the training of CRM skills
through the development of SRL and SSRL strategies that can be used by individuals to influence the team’s
performance. These findings support the existing literature of the role of regulation within CRM simulations as a
vehicle to manage the intra-personal demands of medical practice (Hadwin & Oshige, 2011) that emerge from how
team leaders interact with their teammates. This study adds to the literature on CRM medical simulations (Burden,
2020; Sinz, 2005) by placing SRL and SSRL strategies at the forefront of how teams interact. As this case study has
suggested, the presence of regulatory codes that encourage group cohesion, the sharing of information, and
organization of shared mental models while engaging in simulations, may be a path towards advancing how we see
the effectiveness of leadership and performance in medical simulations.

To answer our second research question “Are leaders’ SRL, SSRL, and behavioral strategies associated
with their objective performance scores?”, results suggest that team leaders who had higher Ottawa GRS scores
tended to use more SSRL strategies to collect and share more information, helping to manage their group
performance (Jarveld et al., 2016) (Jarvela & Hadwin, 2013). The use of effective SRL and SSRL strategies by
leaders in Teams Al and B2, who scored the highest ratings of communication and leadership, demonstrated that
through effective use of team organization, communication, and clear decision making, they can contribute to
positive simulated patient outcomes. While the goal of this study is not to determine the generalizability and
correlations between scoring, SRL, and SSRL behaviors in leaders, these results do suggest that the presence of
more regulatory codes may help to explain differences in performance.

This work makes an important conceptual contribution to the field by using SRL and SSRL as a framework
for leadership skill development in medical CRM simulations. Even though SRL and SSRL are traditionally used to
look at the regulatory strategies to enhance learning, these same strategies can be used to understand how teamwork,
communication, and leadership skills occur in medical simulations. A novel contribution of this study is the
development and testing of a coding scheme for examining both leadership and regulation that is suitable for use in
the context of intense team-based medical simulations. These findings help to expand our existing findings on the

framing of regulation in medical simulation (Brydges et al., 2015) by focusing on the leader and how their
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regulation shapes their team performance. This helps to address a gap in the literature surrounding the use of coded
data to move beyond self-report (Tanimura et al., 2023) in our study of SRL in medical education. These regulation
skills can contribute to better leadership by helping leaders become more aware of how to use their team to collect
and process patient information, and how to use the assets of the team members to deliver critical care.

Findings may have important contributions for medical education in simulation environments because this study has
the potential to enrich future debriefing sessions to consider the interplay of group regulation and leadership
strategies. For example, by understanding behaviors and group regulation strategies, medical trainees can have
explicit discussions within their debriefings that make reference to specific strategies that they did or did not
employ, and how those would improve their ability to manage their team and achieve their best performance. These
finding expand upon the existing pedagogical values of debriefings in simulation education (Greenberg et al., 2023)
by expanding the range of debriefing topics and what learners can gain from discussions about SRL. Our findings
suggest that the increased presence of regulation strategies provides an indicator of how effective a leader may be as
communicators with their teams, indicated by the Ottawa GRS ratings of communication.

In conclusion, this study contributes to establishing the conceptual use of SRL and SSRL as a framework
for leadership skill development in medical CRM simulations. Our use of an integrated coding scheme allows for
researchers and simulation educators to examine regulation within medical simulations, which can have a positive
contribution to expanding the discussions surrounding debriefings to focus on regulation and it’s applicability to
team performance.

Limitations and Future Study

This study builds upon existing findings within SRL in medical education by moving beyond medical trainee self-
report (Bransen et al., 2020; GandomkKar et al., 2016; Gandomkar et al., 2020) and performance evaluations, to
describe the regulation strategies exhibited by leaders. With any study, there are limitations to the design and
outcomes that can be considered for future exploration. First, the research team did not examine how individuals set
goals as part of SRL or as a team at the SSRL level. The exploratory nature of this protocol and novel examination
of team-based medical simulations did not lend itself to examining how individuals set goals for the simulation and
how the groups worked to established, and then complete or not achieve those goals. The exploratory nature of this
study design opens avenues for further investigation into the dynamics of leadership and regulation in medical

education simulations, but the current findings should be interpreted with caution due to these limitations.
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Furthermore, greater examination of leadership should be undertaken to explore how medical trainee-specialty and
years of training shape the type of regulation strategies that leaders use, and how those strategies are employed
within the unique culture of medical communities. We did not ask or have the opportunity to collect data on issues
that residents, whom were playing the role of leaders (or others), identified or struggled with. Further, we did not
examine learning about leadership. That would require measurement at two or more points in time. In future
research, we could examine self-report measures prior to and after the simulation, or semi-structured interviews
post-simulation after the debriefing that prompt medical residents to think about leadership what leaders identified
and struggled with. In a longitudinal study, we could examine leaders' performance as a leader over time, though,
due to the high cost of simulations and the need for medical residents to have the opportunity to be a leader and team
members, this would not likely be easily feasible. SRL and SSRL can be good models to understand and in the
future teach leadership for medical professional. To implement this, we could teach residents these models and draw
on their concepts within debriefings to help explain what worked well and what did not. In future studies, the
opportunity to collect data from more medical trainees will allow for greater generalizations, enabling researchers
and medical simulation facilitators to implement these findings to train their residents to develop better leadership
and regulation practices. This study contributes to the emerging research in the field of group regulation in medical
simulations and advances our understanding of how medical trainees develop leadership skills, and how those skills
affect group regulation within simulation environments.

Declaration of Interest Statement

The research leading to these results received funding from The Social Sciences and Humanities Research Council
of Canada (SSHRC; Grant ID: 890-2020-0060). The authors have no relevant financial or non-financial interests to

disclose.

18



469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515

LEADERSHIP IN CRM SIMULATIONS

References

Albert, M., Mylopoulos, M., & Laberge, S. (2019). Examining grounded theory through the lens of
rationalist epistemology. Advances in Health Sciences Education, 24(4), 827-837.
https://doi.org/10.1007/s10459-018-9849-7

Alegret, N., Valle, A., Subirana, L., Fuentes, S., Montmany, S., & Valero, R. (2023). Design and
implementation of a “crisis resource management” training program for the initial assessment
of polytrauma patients. Cirugia Espafiola (English Edition), 101(9), 617-623.
https://doi.org/10.1016/j.cireng.2023.04.004

Apramian, T., Cristancho, S., Watling, C., & Lingard, L. (2017). (Re)Grounding grounded theory: a close
reading of theory in four schools. Qualitative Research, 17(4), 359-376.
https://doi.org/10.1177/1468794116672914

Artino, A. R., Cleary, T. )., Dong, T., Hemmer, P. A., & Durning, S. J. (2014). Exploring clinical reasoning in
novices: a self-regulated learning microanalytic assessment approach. Medical education, 48(3),
280-291. https://doi.org/10.1111/medu.12303

Ben-Eliyahu, A., & Linnenbrink-Garcia, L. (2013). Extending self-regulated learning to include self-
regulated emotion strategies. Motivation and Emotion, 37(3), 558-573.
https://doi.org/10.1007/s11031-012-9332-3

Berger-Estilita, J., Lithi, V., Greif, R., & Abegglen, S. (2021). Communication content during debriefing in
simulation-based medical education: An analytic framework and mixed-methods analysis.
Medical Teacher, 43(12), 1381-1390. https://doi.org/10.1080/0142159X.2021.1948521

Bransen, D., & Govaerts, M. J. B. (2020). How to conceptualise self-regulated learning: Implications for
measurement. Medical education, 54(8), 684-686. https://doi.org/10.1111/medu.14183

Bransen, D., Govaerts, M. J. B., Panadero, E., Sluijsmans, D. M. A., & Driessen, E. W. (2022). Putting self-
regulated learning in context: Integrating self-, co-, and socially shared regulation of learning.
Medical education, 56(1), 29-36. https://doi.org/10.1111/medu.14566

Bransen, D., Govaerts, M. J. B., Sluijsmans, D. M. A., Donkers, J., Van den Bossche, P. G. C., & Driessen, E.
W. (2022). Relationships between medical students' co-regulatory network characteristics and
self-regulated learning: a social network study. Perspectives on medical education, 11(1), 28-35.
https://doi.org/10.1007/s40037-021-00664-x

Bransen, D., Govaerts, M. J. B., Sluijsmans, D. M. A., & Driessen, E. W. (2020). Beyond the self: The role
of co-regulation in medical students' self-regulated learning. Medical education, 54(3), 234-241.
https://doi.org/10.1111/medu.14018

Brydges, R., Dubrowski, A., & Regehr, G. (2010). A New Concept of Unsupervised Learning: Directed Self-
Guided Learning in the Health Professions. ACADEMIC MEDICINE -PHILADELPHIA-, 85(10 SUPP),
S49-S55.

Brydges, R., Manzone, J., Shanks, D., Hatala, R., Hamstra, S. J., Zendejas, B., & Cook, D. A. (2015). Self-
regulated learning in simulation-based training: a systematic review and meta-analysis. Medical
education, 49(4), 368-378. https://doi.org/10.1111/medu.12649

Burden, A. (2020). The history of crises and crisis management in anesthesia: prevention, detection, and
recovery. International Anesthesiology Clinics, 58(1), 2-6.
https://doi.org/10.1097/aia.0000000000000258

Burke, C. S., Stagl, K. C., Klein, C., Goodwin, G. F., Salas, E., & Halpin, S. M. (2006). What type of
leadership behaviors are functional in teams? A meta-analysis. The Leadership Quarterly, 17(3),
288-307. https://doi.org/https://doi.org/10.1016/j.leaqua.2006.02.007

Carne, B., Kennedy, M., & Gray, T. (2012a). Review article: Crisis resource management in emergency
medicine. Emergency medicine Australasia : EMA, 24(1), 7-13. https://doi.org/10.1111/j.1742-
6723.2011.01495.x

19


https://doi.org/10.1007/s10459-018-9849-7
https://doi.org/10.1016/j.cireng.2023.04.004
https://doi.org/10.1177/1468794116672914
https://doi.org/10.1111/medu.12303
https://doi.org/10.1007/s11031-012-9332-3
https://doi.org/10.1080/0142159X.2021.1948521
https://doi.org/10.1111/medu.14183
https://doi.org/10.1111/medu.14566
https://doi.org/10.1007/s40037-021-00664-x
https://doi.org/10.1111/medu.14018
https://doi.org/10.1111/medu.12649
https://doi.org/10.1097/aia.0000000000000258
https://doi.org/https:/doi.org/10.1016/j.leaqua.2006.02.007
https://doi.org/10.1111/j.1742-6723.2011.01495.x
https://doi.org/10.1111/j.1742-6723.2011.01495.x

516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563

LEADERSHIP IN CRM SIMULATIONS

Carne, B., Kennedy, M., & Gray, T. (2012b). Review article: Crisis resource management in emergency
medicine. Emergency Medicine Australasia, 24(1), 7-13. https://doi.org/10.1111/j.1742-
6723.2011.01495.x

Cooper, J. B., & Taqueti, V. R. (2008). A brief history of the development of mannequin simulators for
clinical education and training. Postgraduate Medical Journal, 84(997), 563-570.
https://doi.org/10.1136/gshc.2004.009886

Creswell, J. W. (2014). Research design : qualitative, quantitative, and mixed methods approaches (4th
ed.). SAGE Publications.

D’Mello, S. K., & Graesser, A. (2010). Multimodal semi-automated affect detection from conversational
cues, gross body language, and facial features. User Modeling and User-Adapted Interaction :
The Journal of Personalization Research, 20(2), 147-187. https://doi.org/10.1007/s11257-010-
9074-4

Eckland, N. S., Leyro, T. M., Mendes, W. B., & Thompson, R. J. (2019). The Role of Physiology and Voice
in Emotion Perception During Social Stress. Journal of Nonverbal Behavior, 43(4), 493-511.
https://doi.org/10.1007/s10919-019-00311-4

Efklides, A. (2019). Gifted Students and Self-Regulated Learning: The MASRL Model and Its Implications
for SRL. High Ability Studies, 30(1-2), 79-102.

Ellington, M., & Farrukh, S. (2020). Are battlefield and prehospital trauma scenarios an effective
educational tool to teach leadership and crisis resource management skills to undergraduate
medical students? BMJ military health, 166(E), e34-e37. https://doi.org/10.1136/jramc-2018-
001146

Fernandez Castelao, E., Russo, S. G., Riethmdiller, M., & Boos, M. (2013). Effects of team coordination
during cardiopulmonary resuscitation: A systematic review of the literature. Journal of Critical
Care, 28(4), 504-521. https://doi.org/https://doi.org/10.1016/].jcrc.2013.01.005

Frischen, A., Bayliss, A. P., & Tipper, S. P. (2007). Gaze cueing of attention: visual attention, social
cognition, and individual differences. Psychological bulletin, 133(4), 694-724.

Gabel, S. (2014). Expanding the scope of leadership training in medicine. Academic medicine : journal of
the Association of American Medical Colleges, 89(6), 848-852.
https://doi.org/10.1097/ACM.0000000000000236

Gandomkar, R., Mirzazadeh, A, Jalili, M., Yazdani, K., Fata, L., & Sandars, J. (2016). Self-regulated
learning processes of medical students during an academic learning task. Medical education,
50(10), 1065-1074. https://doi.org/10.1111/medu.12975

Gandomkar, R., Yazdani, K., Fata, L., Mehrdad, R., Mirzazadeh, A., Jalili, M., & Sandars, J. (2020). Using
multiple self-regulated learning measures to understand medical students' biomedical science
learning. Medical education, 54(8), 727-737. https://doi.org/10.1111/medu.14079

Garrison, D. R., Anderson, T., & Archer, W. (1999). Critical Inquiry in a Text-Based Environment:
Computer Conferencing in Higher Education. The Internet and Higher Education, 2(2), 87-105.
https://doi.org/10.1016/51096-7516(00)00016-6

Goldowsky, A., & Rencic, J. (2022). Self-regulated learning and the future of diagnostic reasoning
education. Diagnosis, 10(1), 24-30. https://doi.org/10.1515/dx-2022-0066

Grau, V., & Whitebread, D. (2012). Self and social regulation of learning during collaborative activities in
the classroom: The interplay of individual and group cognition. Learning and Instruction, 22(6),
401-412. https://doi.org/10.1016/].learninstruc.2012.03.003

Greenberg, A, Olvet, D. M., Brenner, J., Zheng, B., Chess, A., Schlegel, E. F. M., & Ginzburg, S. B. (2023).
Strategies to support self-regulated learning in integrated, student-centered curricula. Medical
Teacher, 45(12), 1387-1394. https://doi.org/10.1080/0142159X.2023.2218538

Hacker, D. J., Dunlosky, J., & Graesser, A. C. (1998). Metacognition in educational theory and practice. L.
Erlbaum Associates. http://site.ebrary.com/id/10349656

20


https://doi.org/10.1111/j.1742-6723.2011.01495.x
https://doi.org/10.1111/j.1742-6723.2011.01495.x
https://doi.org/10.1136/qshc.2004.009886
https://doi.org/10.1007/s11257-010-9074-4
https://doi.org/10.1007/s11257-010-9074-4
https://doi.org/10.1007/s10919-019-00311-4
https://doi.org/10.1136/jramc-2018-001146
https://doi.org/10.1136/jramc-2018-001146
https://doi.org/https:/doi.org/10.1016/j.jcrc.2013.01.005
https://doi.org/10.1097/ACM.0000000000000236
https://doi.org/10.1111/medu.12975
https://doi.org/10.1111/medu.14079
https://doi.org/10.1016/S1096-7516(00)00016-6
https://doi.org/10.1515/dx-2022-0066
https://doi.org/10.1016/j.learninstruc.2012.03.003
https://doi.org/10.1080/0142159X.2023.2218538
http://site.ebrary.com/id/10349656

564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610

LEADERSHIP IN CRM SIMULATIONS

Hadwin, A., & Jarvel3, S. (2011). Introduction to a Special Issue on Social Aspects of Self-Regulated
Learning: Where Social and Self Meet in the Strategic Regulation of Learning. Teachers College
Record: The Voice of Scholarship in Education, 113(2), 235-239.
https://doi.org/10.1177/016146811111300201

Hadwin, A., & Oshige, M. (2011). Self-Regulation, Coregulation, and Socially Shared Regulation: Exploring
Perspectives of Social in Self-Regulated Learning Theory. Teachers College Record, 113(2), 240-
264.

Hadwin, A. F., Bakhtiar, A., & Miller, M. (2018). Challenges in online collaboration: effects of scripting
shared task perceptions. International Journal of Computer-Supported Collaborative Learning,
13(3), 301-329. https://doi.org/10.1007/s11412-018-9279-9

Harley, J. M., Pekrun, R., Taxer, J. L., & Gross, J. J. (2019). Emotion Regulation in Achievement Situations:
An Integrated Model. Educational Psychologist, 54(2), 106-126.

Hicks, C. M., Bandiera, G. W., & Denny, C. J. (2008). Building a Simulation-based Crisis Resource
Management Course for Emergency Medicine, Phase 1: Results from an Interdisciplinary Needs
Assessment Survey. Academic Emergency Medicine, 15(11), 1136-1143.
https://doi.org/10.1111/j.1553-2712.2008.00185.x

Hmelo-Silver, C. E., & Barrows, H. S. (2008). Facilitating Collaborative Knowledge Building. Cognition and
Instruction, 26(1), 48-94.

Innocenti, F., Angeli, E., Alesi, A., Scorpiniti, M., & Pini, R. (2016). Teamwork evaluation during
emergency medicine residents’ high-fidelity simulation. BMJ Simulation and Technology
Enhanced Learning.

Isohatals, J., Jarvenoja, H., & Jarveld, S. (2017). Socially shared regulation of learning and participation in
social interaction in collaborative learning. International Journal of Educational Research, 81, 11-
24. https://doi.org/10.1016/].ijer.2016.10.006

Isohatala, J., Naykki, P., Jarvela, S., & Baker, M. J. (2018). Striking a balance: Socio-emotional processes
during argumentation in collaborative learning interaction. Learning, Culture and Social
Interaction, 16, 1-19. https://doi.org/10.1016/j.lcsi.2017.09.003

Jansen, R. S., van Leeuwen, A,, Janssen, J., Jak, S., Kester, L., Education, Learning: Development in, I.,
Leerstoel, K., & Leerstoel van, G. (2019). Self-regulated learning partially mediates the effect of
self-regulated learning interventions on achievement in higher education: A meta-analysis.
Educational Research Review, 28.

Jarvela, S., & Hadwin, A. F. (2013). New Frontiers: Regulating Learning in CSCL. Educational Psychologist,
48(1), 25-39.

Jarveld, S., Malmberg, J., & Koivuniemi, M. (2016). Recognizing socially shared regulation by using the
temporal sequences of online chat and logs in CSCL. Learning and Instruction, 42, 1-11.
https://doi.org/10.1016/j.learninstruc.2015.10.006

Jarvenoja, H., Jarvel3, S., Térmanen, T., Naykki, P., Malmberg, J., Kurki, K., Mykkanen, A., & Isohatals, J.
(2018). Capturing Motivation and Emotion Regulation during a Learning Process. Frontline
Learning Research, 6(3), 85-104.

Johnson, C. E. M. D. E., Yates, K. E., & Sullivan, M. E. P. (2019). Building a Framework for Self-Regulated
Learning in Surgical Education: A Delphi Consensus Among Experts in Surgical Education. Journal
of Surgical Education, 76(6), e56-e65. https://doi.org/10.1016/j.jsurg.2019.06.012

Kazemitabar, M., Lajoie, S. P., & Doleck, T. (2019). Examining Changes in Medical Students' Emotion
Regulation in an Online PBL Session. Knowledge Management & E-Learning, 11(2), 129-157.

Kim, J., Neilipovitz, D., Cardinal, P., & Chiu, M. (2009). A comparison of global rating scale and checklist
scores in the validation of an evaluation tool to assess performance in the resuscitation of

21


https://doi.org/10.1177/016146811111300201
https://doi.org/10.1007/s11412-018-9279-9
https://doi.org/10.1111/j.1553-2712.2008.00185.x
https://doi.org/10.1016/j.ijer.2016.10.006
https://doi.org/10.1016/j.lcsi.2017.09.003
https://doi.org/10.1016/j.learninstruc.2015.10.006
https://doi.org/10.1016/j.jsurg.2019.06.012

611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656

LEADERSHIP IN CRM SIMULATIONS

critically ill patients during simulated emergencies (abbreviated as "CRM simulator study IB").
Simul Healthc, 4(1), 6-16. https://doi.org/10.1097/SIH.0b013e3181880472

Kwon, K., Liu, Y.-H., & Johnson, L. P. (2014). Group regulation and social-emotional interactions observed
in computer supported collaborative learning: Comparison between good vs. poor collaborators.
Computers & Education, 78, 185-200. https://doi.org/10.1016/j.compedu.2014.06.004

Lai, A., Haligua, A., Dylan Bould, M., Everett, T., Gale, M., Pigford, A.-A., & Boet, S. (2016). Learning crisis
resource management: Practicing versus an observational role in simulation training - a
randomized controlled trial. Anaesthesia, critical care & pain medicine, 35(4), 275-281.
https://doi.org/10.1016/j.accpm.2015.10.010

Lajoie, S. P., Lee, L., Poitras, E., Bassiri, M., Kazemitabar, M., Cruz-Panesso, |., Hmelo-Silver, C., Wiseman,
J., Chan, L. K., & Lu, J. (2015). The role of regulation in medical student learning in small groups:
Regulating oneself and others’ learning and emotions. Computers in Human Behavior, 52, 601-
616. https://doi.org/10.1016/j.chb.2014.11.073

Lajoie, S. P., & Lu, J. (2012). Supporting collaboration with technology: does shared cognition lead to co-
regulation in medicine? Metacognition and Learning, 7(1), 45-62.
https://doi.org/10.1007/s11409-011-9077-5

Lajoie, S. P., Zheng, J., Li, S., Jarrell, A., & Gube, M. (2021). Examining the interplay of affect and self
regulation in the context of clinical reasoning. Learning and Instruction, 72.
https://doi.org/10.1016/j.learninstruc.2019.101219

Lee, L., Lajoie, S. P., Poitras, E. G., Nkangu, M., & Doleck, T. (2017). Co-regulation and knowledge
construction in an online synchronous problem based learning setting. Education and
Information Technologies : The Official Journal of the IFIP Technical Committee on Education,
22(4), 1623-1650. https://doi.org/10.1007/s10639-016-9509-6

Li, S., Zheng, J., & Lajoie, S. P. (2021). The Frequency of Emotions and Emotion Variability in Self-
Regulated Learning: What Matters to Task Performance? Frontline Learning Research, 9(4), 76-
91.

Lucas, A., & Edwards, M. (2017). Development of Crisis Resource Management Skills: A Literature
Review. Clinical Simulation In Nursing, 13(8), 347-358.
https://doi.org/10.1016/j.ecns.2017.04.006

Lucas, A., Edwards, M., Harder, N., & Gillman, L. (2020). Teaching Crisis Resource Management Skills to
Nurses Using Simulation. Journal of continuing education in nursing, 51(6), 257-266.
https://doi.org/10.3928/00220124-20200514-05

Luft, C. D. B., Zioga, |., Giannopoulos, A., Di Bona, G., Binetti, N., Civilini, A., Latora, V., & Mareschal, I.
(2022). Social synchronization of brain activity increases during eye-contact. Communications
biology, 5(1), 412. https://doi.org/10.1038/s42003-022-03352-6

Maedeh, K., Susanne, P. L., & Tenzin, D. Analysis of emotion regulation using posture, voice, and
attention: A qualitative case study. Computers and Education Open, 2, 100030.

Mandal, F. B. (2014). Nonverbal Communication in Humans. Journal of Human Behavior in the Social
Environment, 24(4), 417-421. https://doi.org/10.1080/10911359.2013.831288

Marsch, S. C. U., Miller, C., Marquardt, K., Conrad, G., Tschan, F., & Hunziker, P. R. (2004). Human
factors affect the quality of cardiopulmonary resuscitation in simulated cardiac arrests.
Resuscitation, 60(1), 51-56. https://doi.org/https://doi.org/10.1016/j.resuscitation.2003.08.004

McGaghie, W. C,, Issenberg, S. B., Petrusa, E. R., & Scalese, R. J. (2010). A critical review of simulation-
based medical education research: 2003—2009. Medical Education, 44(1), 50-63.
https://doi.org/https://doi.org/10.1111/j.1365-2923.2009.03547.x

McHugh, M. L. (2012). Interrater reliability: the kappa statistic. Biochem Med (Zagreb), 22(3), 276-282.

22


https://doi.org/10.1097/SIH.0b013e3181880472
https://doi.org/10.1016/j.compedu.2014.06.004
https://doi.org/10.1016/j.accpm.2015.10.010
https://doi.org/10.1016/j.chb.2014.11.073
https://doi.org/10.1007/s11409-011-9077-5
https://doi.org/10.1016/j.learninstruc.2019.101219
https://doi.org/10.1007/s10639-016-9509-6
https://doi.org/10.1016/j.ecns.2017.04.006
https://doi.org/10.3928/00220124-20200514-05
https://doi.org/10.1038/s42003-022-03352-6
https://doi.org/10.1080/10911359.2013.831288
https://doi.org/https:/doi.org/10.1016/j.resuscitation.2003.08.004
https://doi.org/https:/doi.org/10.1111/j.1365-2923.2009.03547.x

657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704

LEADERSHIP IN CRM SIMULATIONS

Panadero, E., Broadbent, J., Boud, D., & Lodge, J. M. (2019). Using Formative Assessment to Influence
Self- and Co-Regulated Learning: The Role of Evaluative Judgement. European Journal of
Psychology of Education, 34(3), 535-557.

Panadero, E., & Jarvel3, S. (2015). Socially Shared Regulation of Learning: A Review. European
Psychologist, 20(3), 190-203. https://doi.org/10.1027/1016-9040/a000226

Parsons, J. R., Crichlow, A., Ponnuru, S., Shewokis, P. A., Goswami, V., & Griswold, S. (2018). Filling the
Gap: Simulation-based Crisis Resource Management Training for Emergency Medicine
Residents. The western journal of emergency medicine, 19(1), 205-210.
https://doi.org/10.5811/westjem.2017.10.35284

Reznek, M., Smith-Coggins, R., Howard, S., Kiran, K., Harter, P., Sowb, Y., Gaba, D., & Krummel, T. (2003).
Emergency Medicine Crisis Resource Management (EMCRM): Pilot Study of a Simulation-based
Crisis Management Course for Emergency Medicine. Academic Emergency Medicine, 10(4), 386-
389. https://doi.org/10.1111/j.1553-2712.2003.tb01354.x

Saeed, S., Hegazy, N. N., Malik, M. G. R., Abbas, Q., Atiq, H., Ali, M. M., Aslam, A., Hashwani, Y., &
Ahmed, F. B. (2024). Transforming the delivery of care from "I" to "We" by developing the crisis
resource management skills in pediatric interprofessional teams to handle common
emergencies through simulation. BMC Medical Education, 24(1), 649.
https://doi.org/10.1186/s12909-024-05459-2

Sagasser, M. H., Kramer, A. W. M., van Weel, C., & van der Vleuten, C. P. M. (2015). GP supervisors’
experience in supporting self-regulated learning: a balancing act. Advances in Health Sciences
Education : Theory and Practice, 20(3), 727-744. https://doi.org/10.1007/s10459-014-9561-1

Salas, E., Sims, D. E., & Burke, C. S. (2005). Is there a “Big Five” in Teamwork? Small Group Research,
36(5), 555-599. https://doi.org/10.1177/1046496405277134

Sauter, D. A, Eisner, F., Calder, A. J., & Scott, S. K. (2010). Perceptual Cues in Nonverbal Vocal
Expressions of Emotion. Quarterly Journal of Experimental Psychology, 63(11), 2251-2272.
https://doi.org/10.1080/17470211003721642

Sinz, E. (2005). Simulation-Based Education for Cardiac, Thoracic, and Vascular Anesthesiology. Seminars
in Cardiothoracic and Vascular Anesthesia, 9(4), 291-307.
https://doi.org/10.1177/108925320500900403

Sobocinski, M. r., Jarvel, S., Malmberg, J., Dindar, M., Isosalo, A., & Noponen, K. (2020). How does
monitoring set the stage for adaptive regulation or maladaptive behavior in collaborative
learning? Metacognition and Learning, 15(2), 99-127. https://doi.org/10.1007/s11409-020-
09224-w

Tanimura, C., Okuda, R., Tokushima, Y., Matsumoto, Y., Katou, S., Miyoshi, M., Oshima, A., Yoshimura, J.,
Fukada, M., Sasaki, K., Matsuura, H., & Ueki, M. (2023). Examining the reliability and validity of a
self-regulated learning strategy scale for undergraduate nursing students and effective factors
of self-regulated learning strategies. Nurse Education Today, 128.
https://doi.org/10.1016/j.nedt.2023.105872

Tavares, W., Brydges, R., Myre, P., Prpic, J., Turner, L., Yelle, R., & Huiskamp, M. (2018). Applying Kane’s
validity framework to a simulation based assessment of clinical competence. Advances in Health
Sciences Education, 23(2), 323-338. https://doi.org/10.1007/s10459-017-9800-3

Teis, R., Allen, J., Lee, N., & Kildea, S. (2017). So you want to conduct a randomised trial? Learnings from
a 'failed' feasibility study of a Crisis Resource Management prompt during simulated paediatric
resuscitation. Australasian Emergency Nursing Journal, 20(1), 37-44.
https://doi.org/https://doi.org/10.1016/j.aenj.2016.12.001

Turan, S. P., & Konan, A. P. (2012). Self-Regulated Learning Strategies Used in Surgical Clerkship and the
Relationship with Clinical Achievement. Journal of Surgical Education, 69(2), 218-225.
https://doi.org/10.1016/j.jsurg.2011.09.003

23


https://doi.org/10.1027/1016-9040/a000226
https://doi.org/10.5811/westjem.2017.10.35284
https://doi.org/10.1111/j.1553-2712.2003.tb01354.x
https://doi.org/10.1186/s12909-024-05459-2
https://doi.org/10.1007/s10459-014-9561-1
https://doi.org/10.1177/1046496405277134
https://doi.org/10.1080/17470211003721642
https://doi.org/10.1177/108925320500900403
https://doi.org/10.1007/s11409-020-09224-w
https://doi.org/10.1007/s11409-020-09224-w
https://doi.org/10.1016/j.nedt.2023.105872
https://doi.org/10.1007/s10459-017-9800-3
https://doi.org/https:/doi.org/10.1016/j.aenj.2016.12.001
https://doi.org/10.1016/j.jsurg.2011.09.003

705
706
707
708
709
710
711
712
713

714

LEADERSHIP IN CRM SIMULATIONS

Versteeg, M., Bressers, G., Wijnen-Meijer, M., Ommering, B. W. C., de Beaufort, A. J., & Steendijk, P.
(2021). What Were You Thinking? Medical Students’ Metacognition and Perceptions of Self-
Regulated Learning. Teaching and Learning in Medicine, 33(5), 473-482.
https://doi.org/10.1080/10401334.2021.1889559

Young, M., Varpio, L., Uijtdehaage, S., & Paradis, E. (2020). The Spectrum of Inductive and Deductive
Research Approaches Using Quantitative and Qualitative Data. Acad Med, 95(7), 1122.
https://doi.org/10.1097/acm.0000000000003101

Zimmerman, B. J. (2002). Becoming a Self-Regulated Learner: An Overview. Theory Into Practice, 41(2),

64-70. https://doi.org/10.1207/s15430421tip4102 2

24


https://doi.org/10.1080/10401334.2021.1889559
https://doi.org/10.1097/acm.0000000000003101
https://doi.org/10.1207/s15430421tip4102_2

LEADERSHIP IN CRM SIMULATIONS

Summary

The scenario involved the patient, “Mrs. Smith”, an elderly
woman, hospitalized, diagnosed with gastrointestinal cancer
and other comorbidities, who developed hemodynamic
instability and clinical deterioration, secondary to
gastrointestinal  bleeding worsened by anticoagulant
medication. The simulation required residents to make a
prompt diagnosis of the bleed, initiate resuscitation to
stabilize the patient, reverse the anticoagulation, activate the
medical emergency code calling the appropriate specialists
to solve the condition and initiate massive-transfusion
protocol to prevent the patient’s death.

This scenario involved the patient, “Mr. Smith”, who is an
elderly, non-smoker, obese man without a history of
respiratory illness who complained of shortness of breath.
Gradual deterioration of the patient occurred to the point
where advanced ventilatory support was needed. This
scenario required the team to accurately diagnose the
medical problem, call a code-blue, and maintain a patent
airway to stabilize the patient.

Tables
Table 1
Summary of CRM Simulation Scenarios
Scenario Condition
1 Gl (gastrointestinal) bleed
2 Status Asthmaticus (respiratory failure)
Table 2

Rater Agreements on Key Leadership Moments

Rater Videos Key leadership moments Key leadership moments identified-
coded identified- Before deliberation After deliberation

Team A 19 Team A 16
Team B 23 Team B 14

M.M. 4
Team C 29 Team C 15
Team D 15 Team D 12
Team A 19

K.G. 3 Team B 22
Team C 12

L.P. 1 Team D 25
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Table 3

Cohen’s Kappa values for Agreement in Simulation Observations, and Ottawa GRS Ratings of Leadership and
Communication in Key Leadership Moments

Events both Events both Rater 1 Rater 2 Cohens’

Simulation raters included exclude included included Kappa

Simulation Observations

Team A 16 10 1 1 .85
Team B 14 4 1 1 .73
Team C 15 1 1 81
Team D 12 3 1 0 .82
Ottawa GRS- Leadership

Team A 47 15 2 3 81
Team B 34 10 3 0 .84
Team C 36 8 1 2 .80
Team D 37 7 2 1 .79
Ottawa GRS- Communication

Team A 39 11 2 2 81
Team B 31 11 1 1 .89
Team C 24 6 1 1 .82
Team D 34 9 1 2 .82
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Table 4

Ottawa GRS Scores

Calm & Prompt and firm . Communicates Directed . .
7 Global Leadership- Listens to Communication-
Team control decision- . clearly and verbal/non-verbal -
. . . perspective Overall : ST team input Overall
during crisis making concisely communication

Al 7 7 7 7 7 7 7 7

A2 5 5 4 4.67 5 5 5 5

B1 7 5 5 5.67 5 4 5 4.67

B2 6 5 7 6 7 7 7 7
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Table 5
Summary of Coding Observations Frequencies
B. 1 Attention Tendency
Simulation  Member Critical Leadership Categories E)&;df?ég B'iln'fbc')r%aggotgvgggiz:n B'lé(\:,\',;aze tol\?v';f?ig(sshz(grs B'dli.ree'ci?jze
patient downward
Team Al Leader Clinical deterioration of patient 7/.04 5/.03 4/.02 9/.06 2/.01
Team management 3/.02 11/.07 0/.00 12/.08 2/.01
Resource deployment 2/.01 4/.03 4/.03 2/.01 2/.01
Team A2 Leader Clinical deterioration of patient 5/.04 5/.04 6/.04 4/.03 0/.00
Team management 3/.02 3/.02 1/.01 3/.02 2/.01
Resource deployment 4/.03 5/.04 0/.00 4/.03 0/.00
Team B1 Leader Clinical deterioration of patient 2/.01 1/.01 2/.01 1/.01 5/.03
Team management 5/.03 6/.03 3/.02 7/.04 1/.01
Resource deployment 2/.01 5/.03 2/.01 2/.01 3/.02
Team B2 Leader Clinical deterioration of patient 7/.04 8/.04 2/.01 7/.04 4/.02
Team management 7/.04 8/.04 8/.04 8/.04 5/.03
Resource deployment 6/.03 9/.05 1/.01 8/.04 5/.03
Note: This table is to be read left to right
B.2 Vocalics B.3 Bodily Expression
B.2.1. . . B.3.5.
Volume of B.2.2. Speed of B.2.?_,. Verbal B.2.4. Pitch of B.3.1. Fe_xc:lal B.3.2. B.3.3. B.3.4. Standing Total
speech speech filters speech expression Head Shoulders Hands posture
3/.02 2/.01 3/.02 4/.03 4/.03 3/.02 4/.03 6/.04 2/.01
3/.02 4/.03 2/.01 3/.02 4/.03 5/.03 4/.03 5/.03 1/.01 161/1
3/.02 3/.02 4/.03 3/.02 5/.03 2/.01 2/.01 3/.02 5/.03
4/.03 6/.04 4/.03 2/.01 5/.04 5/.04 6/.04 4/.03 3/.02 135/1
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0/.00 3/.02 3/.02 1/.01 2/.01 3/.02 0/.00 3/.02 3/.02
1/.01 5/.04 0/.00 3/.02 4/.03 5/.04 5/.04 5/.04 5/.04
6/.03 5/.03 5/.03 2/.01 2/.01 12/.06 1/.01 11/.06 0/.00
5/.03 6/.03 5/.03 2/.01 6/.03 20/.10 3/.02 11/.06 2/.01 192/1
4/.02 4/.02 6/.03 2/.01 2/.01 10/.05 4/.02 5/.03 4/.02
10/.05 5/.03 9/.05 1/.01 8/.04 9/.05 10/.05 10/.05 4/.02
4/.02 2/.01 0/.00 2/.01 2/.01 3/.02 4/.02 1/.01 4/.02 196/1
71.04 8/.04 0/.00 0/.00 0/.00 0/.00 0/.00 0/.00 0/.00
C. 2 Individual Regulation strategies
C.2.1. Orientation C.2.2. Planning C.2.3. Execution C.24. I_Exe(_:utive C.2.5. Evaluation C.2.6. Elaboration Total
monitoring
10/.24 12/.29 71.17 6/.14 4/.1 2/.05
9/.22 5/.12 71.17 5/.12 4/.1 3/.07 41/1
4/.1 0/.00 71.17 5/.12 4/.1 0/.00
10/.12 11/.14 3/.04 4/.05 2/.02 21.02
10/.12 6/.07 3/.04 3/.04 0/.00 0/.00 81/1
10/.12 11/.14 1/.01 2/.02 3/.04 4/.05
3/.07 4/.09 0/.00 0/.00 0/.00 1/.02
8/.19 11/.26 2/.05 0/.00 2/.05 21.05 43/1
2/.05 0/.00 1/.02 0/.00 1/.02 21.05
16/.26 14/.31 4/.09 1/.02 4/.09 5/.11
7/.16 3/.07 1/.02 3/.07 0/.00 0/.00 45/1
4/.09 4/.09 0/.00 0/.00 0/.00 1/.02

C.3 Socially-Shared Regulation strategies
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C.3.3. Affective Social

C.3.4. Interactive Social

C.3.5. Cohesive

C.3.6. Negative social

C.3.1. Facilitation | C.3.2. Inhibition Presence (ASP) Presence (ISP) Socia(ICFérg)sence interactions Total
2/.06 0/.00 5/.15 3/.09 2/.06 0/.00
2/.06 0/.00 0/.00 4/.12 2/.06 0/.00 34/1
3/.09 0/.00 5/.15 6/.18 0/.00 0/.00
4/.06 3/.04 7/.10 15/.21 6/.08 0/.00
1/.01 4/.06 2/.03 7/.10 3/.04 0/.00 711
6/.08 0/.00 0/.00 7/.10 6/.08 0/.00
0/.00 3/.08 3/.08 7/.19 1/.03 0/.00
2/.05 1/.03 1/.03 6/.16 3/.08 4/.11 37/1
0/.00 0/.00 0/.00 1/.03 1/.03 0/.00
3/.07 3/.07 5/.12 10/.24 6/.14 0/.00
1/.02 0/.00 1/.02 1/.02 0/.00 1/.02 42/1
1/.02 0/.00 3/.07 4/.10 1/.02 0/.00
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