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Abstract 36 

Medical simulation education allows trainees to work together in teams, and to practice assuming the roles of leader 37 

and followers, while completing real-world scenarios designed to develop the skills needed to be effective in clinical 38 

practice. Despite the importance of residents developing leadership skills to optimize performance and patient 39 

outcomes, gaps exist in our understanding of how leadership affects teamwork dynamics, and how leadership skills 40 

are observed during crisis resource management (CRM) medical simulation training. Research often frames medical 41 

education training from the perspective of self-regulated learning (SRL) and socially shared regulated learning 42 

(SSRL) framework, but there is a need to use theory-guided approaches to how SRL and SSRL can be used to teach 43 

leadership skills. This study explored how the SRL and SSRL strategies employed by leaders influence teams during 44 

CRM medical simulation education scenarios.  45 

Eight second-year Internal Medicine residents were observed as they engaged in two CRM simulations 46 

within a high-fidelity medical education simulation environment. The research team observed behaviors, SRL and 47 

SSRL strategies, and the leadership and communication skills of the leaders. Behavioral and regulatory coding using 48 

the SRL/SSRL group regulation perspective showed that more successful CRM leaders made more frequent use of 49 

communication, organizational, and group regulation strategies and were thus able to utilize the assets of their team 50 

more effectively than leaders who used these skills less frequently. SRL and SSRL are under-examined frameworks 51 

in medical and simulation education. Our current case-based analyses illustrate that these frameworks can provide a 52 

valuable lens to examine and better understand team behaviours in these contexts. Future work will continue to 53 

explore the educational applications of SRL/SSRL group regulatory strategies can improve CRM leadership. 54 

Keywords: medical education, simulation training, leadership, self-regulated learning, socially-shared 55 

regulated learning 56 
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Introduction 58 

Crisis Resource Management in Medical Education 59 

Crisis Resource Management (CRM) is a core set of skills and behaviors that can be applied to a variety of 60 

crisis environments, including air safety, emergency response, and medicine. Core CRM skills include leadership, 61 

communication, problem-solving, resource utilization, and situational awareness (Burke et al., 2006; Carne et al., 62 

2012a; Fernandez Castelao et al., 2013; Marsch et al., 2004). The goal of CRM skills within a medical setting are to 63 

foster effective communication between leaders and subordinates, facilitating the prompt identification and 64 

resolution of complications before they escalate to a level that could adversely impact the patient outcome. CRM has 65 

a long and established relationship within medical simulation training (Carne et al., 2012b; Reznek et al., 2003) and 66 

is incorporated into simulation-based learning with the aim of ensuring that medical trainees develop these skills 67 

(Lai et al., 2016) in a safe and supported environment (Brydges et al., 2015; Teis et al., 2017). Different kinds of 68 

simulators can be employed across different stages of medical training, including mannequins, tissue models, 69 

computer and virtual reality-based simulations, and standardized patients. The use of simulation-training has 70 

emerged as a critical mode of instruction and is an accepted part of training, assessment, and research in all levels of 71 

medical education from novice to experienced board-certified physicians (Cooper & Taqueti, 2008; McGaghie et al., 72 

2010). 73 

CRM training scenarios typically cover a variety of different problems where the participants must work 74 

through initial diagnoses and have enough situational awareness to continually collect and assess information 75 

(Burden, 2020).  Simulations allow these core principles and guiding criteria of CRM to be taught and practiced in a 76 

dynamic environment to help medical trainees connect these principles to practice. The goal of these CRM 77 

simulations is to prepare participants to handle the inter and intra-personal challenges brought on by cognitively 78 

demanding circumstances that surround delivering effective medical care. Recent literature supports the use of 79 

simulation learning environments to increase trainees’ ability to select and employ CRM skills (Alegret et al., 2023; 80 

Lucas et al., 2020). Moreover, the inherent cognitive stressors of patient deterioration, the uncertainty of group 81 

dynamics, and the opportunity to experience the stresses of leadership and decision-making, challenge medical 82 

trainees in a way that no other CRM learning can(Ellington & Farrukh, 2020). CRM simulations train medical 83 

learners to be team leaders and team members. Medical trainees must understand the importance of effective 84 

leadership and effective followership to optimize patient outcomes, as both roles require complementary skills. 85 
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These medical learners and future clinicians are called to act in both roles throughout their careers, so developing 86 

these lifelong skills to be a good leader and a good team member are critical to their role as medical professionals. 87 

As leaders, medical trainees learn how to manage the delivery of safe and timely care while maintaining group 88 

cohesion and situational control, and to ensure that tasks do not devolve under the emotional weight of potentially 89 

split-second decisions (Fernandez Castelao et al., 2013). To succeed, leaders must organize team members and 90 

effectively manage their deployment (Gabel, 2014) throughout the course of patient care. Research into team 91 

regulation in medical simulations has suggested that medical trainees understand the value of leadership in order to 92 

manage a team, but many trainees are unsure how this regulation occurs (Bransen, Govaerts, Panadero, et al., 2022; 93 

Bransen, Govaerts, Sluijsmans, et al., 2022) beyond the need to bring self-regulatory skills to work within a group. 94 

This management has also been described as involving a distinct movement from the individual concerns of the 95 

leader, towards a clearly communicated vision of shared goals amongst a whole team(Saeed et al., 2024). 96 

Research has suggested that CRM training positively effects leaders’ ability to communicate and 97 

understand how to effectively share mental models and communication with team members (Parsons et al., 98 

2018).The criteria for good teamwork, such as the “Big Five” teamwork traits by Salas (Salas et al., 2005), include 99 

leadership, mutual performance monitoring, backup behaviors, adaptability, and team orientation, are the types of 100 

attitudes that need to be practiced and internalized by all leaders and team members in order to effectively manage 101 

patient care. All these strategies require group regulation and the active involvement of the leader to encourage these 102 

traits so that their team performs at its peak. These strategies, when employed effectively, can help to build strong 103 

communities of inquiry (Garrison et al., 1999) that can help to guide effective teamwork and develop a team’s sense 104 

of cooperation as they accomplish tasks. By examining how medical trainees regulate themselves while leading 105 

CRM scenarios, we can also better understand how their strategies and behaviors influence the performance of their 106 

team.  107 

This research in CRM medicine, examining teamwork and leadership, has traditionally relied on self-108 

reported leadership evaluations (Hicks et al., 2008) and reports of team members in order to ascertain the quality of 109 

learning that has occurred in simulations. The challenge of assessing this comes from the difficulties in ‘breaking’ 110 

the continuity of simulations to assess learners’ performance which may been interpreted as a “simulation artifact” 111 

which could move the learners’ attention away from their task. This need to expand how CRM skills are taught has 112 

been echoed in literature detailing the field’s continual move towards new and novel methods to understand how 113 
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leadership and skills development are framed in research and lab-based practice (Lucas & Edwards, 2017). This 114 

study chose to diverge from this practice, instead focusing on the use of post-simulation scoring of behavioral 115 

observations and interactions to describe the types of SRL and SSRL interactions that were occurring throughout a 116 

CRM medical simulation. 117 

The Need for Regulation Within Medical Education 118 

In both medical simulations and real-world clinical rotations, medical trainees often struggle to regulate their 119 

learning because of the unpredictable, dynamic, and challenging nature of their work (Bransen et al., 2020). 120 

Simulations align with themes of adult learning theory, which presupposes that adult learners are self-directed and 121 

goal oriented, and that they expect to be instructed in a timely and efficient manner (Sinz, 2005). Simulations create 122 

an environment of experiential learning where learners can engage in deliberate practice to learn and ultimately 123 

master technical and nontechnical skills. For adult learners to extract the maximum learning potential from these 124 

simulations, they must employ self-regulated learning (SRL) strategies. SRL is defined as the process wherein 125 

individuals manage their learning through preparatory planning, performance, and appraisal of their work (Jansen et 126 

al., 2019; Zimmerman, 2002). Effective SRL requires setting goals, metacognitively monitoring performance, and 127 

self-reflecting on that performance to remain motivated to continue learning. Regulation can occur within an 128 

individual at the behavioral (Kazemitabar et al., 2019), affective (Ben-Eliyahu & Linnenbrink-Garcia, 2013; Li et 129 

al., 2021), cognitive (Lajoie et al., 2021), and motivational (Efklides, 2019; Järvenoja et al., 2018) levels and plays a 130 

critical role in a learner being able to further their own learning. Once individuals can bring regulatory skills 131 

together, team members can merge their needs with that of the group to work as a team (Hadwin et al., 2018). 132 

Socially shared regulated learning (SSRL) describes how learners in a team regulate their learning together (Hadwin 133 

& Oshige, 2011; Jarvela & Hadwin, 2013), requiring individuals to negotiate personal interests, contextual factors 134 

and teamwork dynamics. SSRL focuses on the processes that lead team members to share the regulation of their 135 

collective learning activity, directed toward achieving their goals in CRM, in which a premium is put on the 136 

management of intra-personal demands of medical practice, and the need to manage the regulation of a team 137 

(Hadwin & Oshige, 2011). The need for SRL as a part of adult learning, and the demanding and dynamic nature of 138 

medical practice underscore the need for medical learners to employ SRL and SSRL as a central part of instruction, 139 

and a valid lens from which one can examine the value of medical simulations (Burden, 2020; Sinz, 2005). Medical 140 

practice, like any collaborative learning activity, involves engagement that can be momentary and dynamic, in 141 
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which coregulatory interactions may occur within episodes of SSRL and SRL (Bransen, Govaerts, Panadero, et al., 142 

2022). Thus, learners may concurrently engage in different forms of regulation that may run in tandem during 143 

collaborative situations. 144 

Studies examining the self-regulation skills of medical trainees have suggested that, without a foundational 145 

grasp of self-regulation, group regulation becomes difficult in medical situations (Bransen, Govaerts, Sluijsmans, et 146 

al., 2022; Goldowsky & Rencic, 2022; Tanimura et al., 2023). This lack of personal command over learning can 147 

have detrimental effects on the cohesion and effectiveness of a team once the stresses of team dynamics are present. 148 

Research into regulation amongst medical trainees, including studies by Bransen et al., (Bransen, Govaerts, 149 

Panadero, et al., 2022) have described how the application of self-regulation training to medical residents can be 150 

used to facilitate group regulation which can lead to improved performance outcomes (Greenberg et al., 2023; 151 

Innocenti et al., 2016). Indeed, studies in surgical education (Johnson et al., 2019; Turan & Konan, 2012), general 152 

practice (Sagasser et al., 2015), and pre-clinical training (Versteeg et al., 2021) have suggested that a focus on SRL 153 

helps to make medical students and residents more aware of their own thinking and how they can best help their 154 

own learning. In turn, a SRL approach can influence how medical trainees respond to situations involving patient 155 

care, and how they learn to act as team members. SRL research is too often examined from the perspective of 156 

medical trainee performance and self-report data (Bransen & Govaerts, 2020; Gandomkar et al., 2020), with more 157 

literature needed to focus on observable behaviors that are shown by medical trainees. In addition to these gaps, 158 

existing literature describing SRL and SSRL skills in medicine, much of the focus has been limited to examining 159 

SRL in clinical, residency training (Artino et al., 2014; Gandomkar et al., 2016), and there has been far less 160 

documentation of how SRL and SSRL can be used to describe CRM training in postgraduate medical simulation 161 

training. 162 

Simulation scenarios have several benefits to medical trainees. Team-based sessions give medical trainees 163 

the opportunity to improve their technical skills and acquire the knowledgebase needed to deliver patient care. In 164 

addition to the clinical skills needed to be a board-certified practitioner, simulations also provide trainees with an 165 

opportunity to hone their interpersonal skills, such as teamwork, communication, leadership and SRL (Brydges et 166 

al., 2010; Brydges et al., 2015) through self-reflection activities and feedback from facilitators. These skills are 167 

critical in laying the foundation for trainees’ lifelong learning in the medical professions, and for developing the 168 

skills they will need to succeed in their careers. These opportunities to develop critical skills through feedback help 169 
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trainees to refine the skills needed for the interpersonal and group-level regulation (Panadero et al., 2019) required to 170 

operate in fast-paced, high-stakes medical environments.  171 

Research Objectives 172 

We aimed to study the role of leadership and how leaders affect the SRL and SSRL strategies of a medical team 173 

during CRM simulations. Specifically, we identified and coded “key moments of leadership” in situations requiring 174 

critical decision-making from a leader, focusing on how observable behaviors and regulation strategies were 175 

employed at critical moments in the simulation. The following research question guided our inquiry: 176 

• (1a) Which SRL, SSRL, and behavioral strategies do leaders demonstrate during variable team-based 177 

performances in CRM simulation scenarios? and  178 

• (1b) Are leaders’ SRL, SSRL, and behavioral strategies associated with their objective performance scores? 179 

Materials and Methods 180 

Research Methodology 181 

Case study methodology (Creswell, 2014) was used to explore how behaviors, SRL and SSRL were exhibited 182 

during medical simulations (Apramian et al., 2017; Young et al., 2020). This case study used content analysis 183 

(Berger-Estilita et al., 2021) to code for leaders’ SRL, SSRL, and behaviors. These codes emerged as a result of both 184 

inductive and deductive coding (Albert et al., 2019) to create a more authentic examination of how the leader 185 

performed during simulation. Concurrently, testing these codes on our data helped refine and enhance the research 186 

team’s understanding of how SRL and SSRL relate to leadership and CRM skills. 187 

Participants 188 

 Eight 2nd year residents in Internal Medicine program participated. They all had comparable levels of training and 189 

clinical experience. Participants were grouped into two teams of four residents and wore color-coded bracelets to 190 

identify them: Team A (Purple, Yellow, Red, and Blue), and Team B (Orange, White, Black, and Green). Each team 191 

completed the same two scenarios (e.g., Team A1 for Team A scenario 1) and had one appointed leader and three 192 

residents in supporting roles (e.g., acting as a respiratory therapist (RT) or supporting physician). Between each 193 

simulation scenario, leadership and resident roles were re-assigned. 194 

Simulation Context 195 

Simulations were part of the medical residents’ curriculum, and the research team had no control over the selection 196 

of participants. These simulations were based on CRM training scenarios using programmable high-fidelity 197 
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mannequins as “patients”. As a core part of their residency training, trainees are expected to exercise and effectively 198 

demonstrate leadership, communication and resource management ‘leaders’ in cases requiring in team-based care. 199 

These themes are explicitly taught during the mandatory academic half-day training activities where our study took 200 

place. Specifically, residents received a 30-min introductory lecture on crisis resource management principles 201 

(leadership, communication, problem solving, situational awareness, and resource utilization) and are specifically 202 

debriefed and assessed on these skills following participation in the simulated scenarios. Our study was 203 

observational and, as such, did not entail any additional instruction to residents. These mannequins can be monitored 204 

for evolving physiological activity and interact with trainees through a speaker located in their mouths, controlled by 205 

a live simulation technician observing the scenario through a window. In the scenarios, the mannequins showed 206 

prespecified clinical deterioration to challenge the residents’ clinical and CRM skills. The simulation scenarios 207 

included major gastrointestinal bleed (Scenario 1), and status asthmaticus (Scenario 2) (Detailed descriptions in 208 

Table 1). A debriefing was conducted at the conclusion of every simulation scenario where teams involved in the 209 

simulation had the chance to discuss the simulation and get timely feedback from simulation educators and team 210 

members who participated in the simulation, about their performance in the scenario. For our study, data was 211 

collected from each team separately, with independent debriefings at the end of each scenario.  212 

Data Collection  213 

Data were collected from four medical simulations recorded in December 2021 at a university simulation training 214 

center. Audiovisual recordings were made of all simulations using a camera at the head of the ‘patient’s bed’ for 215 

post hoc analysis. Each scenario lasted approximately 10 minutes and was followed by a debriefing session. 216 

Tools 217 

The following tools were used to analyze data: 218 

1. Coding scheme. Our coding scheme included codes for 1) behaviors (posture and gestures, facial 219 

expression, and vocalics), and 2) regulation strategies (individual self-regulation and socially-shared 220 

regulation). This coding scheme borrowed established codes for behaviors (D’Mello & Graesser, 2010; 221 

Eckland et al., 2019; Frischen et al., 2007; Maedeh et al.; Mandal, 2014; Sauter et al., 2010), SRL (Hacker 222 

et al., 1998; Jansen et al., 2019; Zimmerman, 2002) and SSRL (Grau & Whitebread, 2012; Hadwin & 223 

Järvelä, 2011; Hadwin & Oshige, 2011; Harley et al., 2019; Hmelo-Silver & Barrows, 2008; Isohätälä et 224 

al., 2017; Isohatala et al., 2018; Järvenoja et al., 2018; Kwon et al., 2014; Lajoie et al., 2015; Lajoie & Lu, 225 
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2012; Lajoie et al., 2021; Lee et al., 2017; Panadero et al., 2019; Panadero & Järvelä, 2015; Sobocinski et 226 

al., 2020), which were then modified to fit a medically-based context. The codes were tested by the coding 227 

team using medical simulations and the researchers adjusted them based on input from researchers, 228 

simulation educators, and medical doctors, who provided expertise on how the codes were being described 229 

within the context of a medical simulation, to observe the constructs while coding.  230 

2. Leadership scale adapted from the Ottawa CRM Global Rating Scale (Ottawa GRS) This scale is 231 

regularly used within CRM simulations to assess the leaders’ overall performance (Kim et al., 2009). The 232 

tool includes scales for the five core principles: 1) leadership, 2) situational awareness, 3) communication, 233 

4) problem solving, and 5) resource utilization. These cognitive skills are an implicit as well as explicit part 234 

of medical trainees’ CRM training and are expected to be employed in an increasingly sophisticated 235 

manner as they advance from novices to competent practitioners. Each of these criteria are assessed via a 7-236 

point Likert scale rated from 1 (implying a ‘novice’ level rating) to 7 (implying an ‘expert’ level rating), 237 

with all categories rated as equal factors of a composite measure of all core principles. Researchers 238 

modified the questionnaires by eliminating three categories (problem solving, situational awareness, and 239 

resource utilization) that were outside of the focus of the study, focusing on 1) leadership and 2) 240 

communication. The categories used to code the appointed leader in every team were: Leadership: A) calm 241 

and cool during crisis; B) prompt and firm decision-making; and C) maintaining a global perspective of the 242 

scenario; and Communication: A) communicates clearly and concisely; B) directed verbal/non-243 

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

‘leadership’ and ‘communication’ into three subcategories. Kane’s validity model (Tavares et al., 2018) 245 

suggests that the modification of the Ottawa GRS can fulfill a specific need for this project without 246 

compromising the integrity of the measure as well as our research questions. Since that the Ottawa GRS 247 

was not used in a clinical assessment of a learner, removing extranious components that would not help the 248 

research team answer its questions resulted in us removing the ratings of ‘problem solving’, ‘situational 249 

awareness’, and ‘resource utilization’. This allowed the research team to avoid spending extra time to rate 250 

components of the measure that would never be used to answer our research questions. 251 
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Coding Process 252 

In the first iteration, researchers began by coding the group interaction of each video individually. The codebook 253 

contained codes for behaviors, SRL, and SSRL strategies that could be observed in the simulation recordings. 254 

Codes were iteratively adjusted to make them easier to use and more explicit in coding the target constructs. Three 255 

raters were trained in how to use the coding book, to ensure that any agreement/disagreement could be negotiated. 256 

Raters were instructed to look at the "key moments of leadership” that were a central focus of this study. These “key 257 

moments” (segments for analysis) were determined by using the learning objectives for each simulation scenario, 258 

which included the identification of 1) clinical deterioration of the patient requiring a prompt medical intervention to 259 

correct the situation; 2) management of the team; and 3) resource deployment, wherein the leader had to use medical 260 

supplies and available equipment to manage the clinical case. Table 2 describes the raters and their coding of key 261 

leadership moments before and after deliberation. Amongst the raters, M.M. and K.G. come from educational and 262 

medical education research backgrounds, while L.P. is a medical doctor and provided input on content-specific 263 

questions. These perspectives and relationships to the medical simulations and the nature of medical training 264 

provided the team with contrasting and complementary perspectives to observe the simulation’s leaders. The use of 265 

both medical and non-medically trained raters in the Ottawa GRS have validity support (Kim et al., 2009), as the 266 

criteria, categories, and language used by these designers are meant to be accessible to non-medical specialists. In 267 

addition, the input from our team of medical doctors and simulation educators allowed us to ask questions and seek 268 

content-specific medical information that was needed to clarify interactions and events within the simulation videos.  269 

Raters coded videos individually, and then came together to negotiate the “key moments of leadership” 270 

they observed, and which behavioral and regulatory strategies surrounded those moments. The code book that raters 271 

used was organized in the form of 1) a superordinate category, 2) a definition of that category, 3) an example of 272 

what that definition may look like, 4) followed by subordinate codes that were embedded in these categories, and 5) 273 

were followed by definitions and examples, identical to the superordinate codes. Raters tested these codes and 274 

refined the definitions and examples to help ensure that they were clear enough for a non-expert to score. The code 275 

book drew upon, and modified, existing codes and definitions that researchers who had engaged in a similar coding 276 

process used, thereby allowing our research team to expand on this established literature. Raters coded the events by 277 

examining the videos and comparing what they saw in the videos to the codes that best matched those interactions 278 

and decisions made by the leader. A “key moment of leadership” involved the rater noting the time of the event, 279 
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followed by the code(s) that were present during that event. Differences in the events and codes were negotiated by 280 

observing the period in question jointly and re-examining the codes applied. Cohen’s Kappas after the first 281 

negotiation are reported in Table 3 with ranges from 0.73 to 0.85 before deliberation, representing ‘moderate-to-282 

strong’. Perfect agreement was reached after deliberation.  283 

In a second iteration, raters coded the “key moments of leadership,” using the Ottawa GRS scale according 284 

to the coding categories of ‘leadership’ and ‘communication’. When differences arose, the raters came together to 285 

negotiate scores, and it was decided that any score difference within 1 point (on the 7-point scale) would not be 286 

altered and would be considered valid. Cohen’s Kappas for Leadership and Communication are reported in Table 3. 287 

Cohen’s Kappa ranged from 0.79 to 0.89 before deliberation, representing ‘moderate-to-strong’ agreement 288 

(McHugh, 2012) (Table 3), and perfect agreement after deliberation. Interrater reliability scores for these measures 289 

fall within the acceptable limits of those reported in the previous publication of the Ottawa CRM (Kim et al., 2009). 290 

The final ratings can be seen in Table 4. 291 

The final codes' descriptive statistics can be seen in Table 5. All codes were calculated and presented as a 292 

frequency and percentage to indicate how many times a code appeared, and the percentage of overall codes 293 

represented by that code; for example, (15/.30) would indicate that a particular code appeared 15 times, which 294 

accounts for 30% of all the codes for that scenario. For analysis, teams were compared based on the scenarios that 295 

they completed.  296 

Results 297 

Scenario 1: Major Gastrointestinal Bleed 298 

In scenario 1, Team A1’s leader, Purple, used executive monitoring strategies (C.2.4. executive monitoring) to 299 

manage their team, such as checks for knowledge and confirmation of task directions (10, 24%; these codes appeared 300 

10 times, accounting for 24% of all the codes for Team A in Scenario 1), to encourage team members to report, 301 

collect, and share information. For example, during the opening 2-minutes of the simulation, the leader ordered 302 

team-member Blue to call the laboratory and report on the patient’s previous bloodwork. Blue quickly executed this 303 

task and relayed that information to all members of the team, ensuring that they were all aware of the most up-to-304 

date information. This information allowed leader-Purple to use effective, directed attention (12, 8%) when issuing 305 

orders and speaking with team members and take information that Blue provided to team members Red and Yellow 306 

as the leader sought team feedback on the diagnosis. This facilitated the information flow towards the leader during 307 
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moments of patient deterioration, allowing them to make accurate and prompt decisions (12, 29%; C.2.2.) 5-minutes 308 

into the simulation to stabilize the patient. When delivering treatment, the leader employed orientation strategies 309 

(C.2.1.) (10, 24%), allowing them to come up with a treatment plan (C.2.2. planning) (12, 29%) that incorporated 310 

active feedback from all team members, which, when executed effectively, controlled the patient’s bleeding and 311 

clinical deterioration (C.2.3. execution) (7, 17%). The timely use of collecting information, vocalizing that 312 

information and delegating tasks was important to the execution of this scenario for the team. 313 

In contrast, Team B1’s leader was far less involved with collecting information from teammates (related to 314 

collecting and effectively using the crash cart resources; C.2.1. orientation; 2, 5%). This was evident through less 315 

frequent face-to-face contact (7/ 4%) with team members to solicit information, which was followed by a lack of 316 

regular updates or checks for understanding during the clinical scenario. For example, the leader was located at the 317 

foot of the bed, a common location for the lead-physician to be located to control the flow of care and information, 318 

but they too often did not make active eye contact with teammates when collecting information and providing 319 

orders. This contributed to less information being gathered by the leader, and less pertinent information reaching 320 

team members, hindering prompt clinical decision-making and negatively affecting the patient’s outcome. 321 

Additionally, the leader was seen using inhibitory (C.3.2.) (1, 3%) and negative social interactions (C.3.6.) (4, 11%) 322 

when managing team members. Approximately 4-minutes into the scenario, the leader formulated their diagnosis 323 

and did not seek input from their teammates. During this, team member Green asked to see if they can be of any 324 

help as the patient begins to deteriorate, and the leader actively discouraging participation even though they had 325 

potentially vital information about the patient’s medical condition that could be used. This inability to socially-326 

regulate and share a mental model for how the patient could be treated persisted throughout the scenario. This could 327 

have contributed to poorer performance. Notably, there were no coded leadership behaviors or strategies observed 328 

during the management of the patient’s deterioration, as the leader did not engage with their team. 329 

Team A1 diagnosed the gastrointestinal bleed and its etiology almost 2 minutes before Team B1 (The 330 

scenario lasted approximately 10 minutes). Team A’s leader asked for the patient’s chart from the outset, allowing 331 

the team to make a prompt diagnosis. On the other hand, Team B1’s leader waited several minutes before gathering 332 

the same information. In examining the Ottawa GRS ratings, Leadership global scores were higher for Team A1’s 333 

leader than Team B1’s leader, which could help explain the differences in the simulated patient’s outcome, that 334 
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resulted from their leadership performance. Communication scores were higher for Team A1 (M= 7) than Team 335 

B1(M=4.67), reflecting the clearer communication and directions provided by Team A1’s leader. 336 

Scenario 2: Status Asthmaticus 337 

In scenario 2, Team A2’s leader regularly engaged their team by collecting information (C.2.1. Orientation; 10, 338 

12%) and setting clear plans (C.2.2; 6, 7%) for their team to follow, as they worked to diagnose the status 339 

asthmaticus. These actions were highlighted by asking team members Red and Blue to collect as much information 340 

on the patient’s past and current condition as possible in the opening 2 and a half minutes of the scenario. When the 341 

patient began deteriorating at approximately 3 minutes and 38-seconds into the scenario, the leader changed their 342 

approach and utilized a few execution strategies (C.2.3.; 3, 4%) including ordering Purple to provide IV access and 343 

Red to get chest x-rays to examine any obstructions in the patient’s airway. This led them to undertake tasks such as 344 

collecting and delivering life-saving medication- a task that the leader could have delegated to another team 345 

member. It was during this time, approximately 7 minutes and 50-seconds into the scenario, that team member 346 

Purple began to spontaneously direct other team members while the leader was fixated on collecting medications for 347 

intubation. Difficulties emerged as the patient began to desaturate and oxygen levels decreased. This resulted in the 348 

team identifying the problem but led to difficulties in determining the best intervention to help the patient. The 349 

leader decided to intubate the patient approximately 9 minutes into the scenario, which is a measure of last resort, as 350 

there are other less-invasive treatment options that were not contemplated by the leader before making this 351 

therapeutic decision. During this process, the leader remained calm and spoke in a clear tone to the group (4/ 3%), 352 

but there were underlying difficulties in their response. Despite collecting information on the patient’s status 353 

(11/14%), the leader did not involve team members in the decision to intubate. While beginning the process of 354 

intubation, the leader did not delegate team members to get the materials and failed to give them directions (3/ 2%), 355 

reflecting the loss of global perspective in successfully planning the course of action (C.2.2.; 0, 0%). 356 

Team B2’s leader was able to use their team to collect information on the patient’s condition (C.2.1. 357 

orientation; 7, 16%) and plan accurate interventions for the patient (C.2.2. planning; 3, 7%). This facilitated the 358 

information flow and permitted the team to manage the resources, including the timely delivery of a crash-cart and 359 

preparations of medication that occurred within the first 4-minutes of the scenario. This helped to organize the 360 

personnel needed to stabilize the patient. This flow of information was invaluable during the patient’s deterioration, 361 

when the collection and flow of information (C.2.1. orientation; 16, 26%), successful planning (C.2.2.; 14, 31%), 362 
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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 363 

intervention to support the patient’s respiration was required, the leader passed on to the respiratory therapist (RT; 364 

team member Orange) a certain amount of authority to manage the hands-on treatment of the patient as well as the 365 

organization of team members Orange and White, which allowed the RT to obtain additional assistance from other 366 

teammates to complete the complex task of airway management. This freed the leader from directing other 367 

teammates to support the RT's work, thereby allowing the leader to better maintain a global perspective. This 368 

decision played a role in helping the team develop their social interactivity (C.3.4. Interactive Social Presence (ISP); 369 

4, 10%), and indicated the flexibility of the leader to respond to the needs of the patient and team. The SSRL use of 370 

ISP and facilitation codes (C.3.1) allowed for the leader to organize the groups’ ability to confirm the direction of 371 

their shared treatment goals to stabilize the patient. 372 

Differences in Teams A2 and B2 emerged in how they regulated their responses to the patient's 373 

deterioration. When Team A2’s leader became fixated on performing tasks and ineffectively communicated their 374 

directions to the team, a new leader had to emerge to manage the group. Meanwhile, Team B2’s leader managed 375 

their team by relinquishing some of their control to respond to the patient’s need for more delegated care. The 376 

communication (M= 7) and leadership (M= 6) Ottawa GRS ratings reflected higher ratings for Team B2. 377 

Discussion 378 

To address our first research question “Which SRL, SSRL, and behavioral strategies do leaders demonstrate during 379 

variable team-based performances in CRM simulation scenarios?”, that across all four teams, we observed that SRL 380 

and SSRL strategies were employed by all leaders to maintain control in a critical situation. Leaders in Teams A1 381 

and B2 tended to exhibit higher Ottawa GRS scores for Leadership and Communication, which could be an 382 

indicator of the use of these strategies to organize and lead their teams to greater effect. These qualities echo the 383 

behaviors needed to support a team through engaged leadership, adaptability to meet patient demands, and a team 384 

orientation (Salas et al., 2005), where leaders were able to get everyone on the team to cooperate to accomplish their 385 

task. In comparison, leaders in Teams A2 and B1 employed similar SRL and SSRL strategies including monitoring 386 

(C.2.4.), orienting (C.2.1.), and planning (C.2.2.), but they also used negative SSRL strategies that compromised 387 

their abilities to share information and promote team cohesion. When examining the behaviors exhibited by leaders, 388 

a leader must have the physical presence to command their team. Using direct eye contact with others (B.1.d. gaze 389 

towards others) was a powerful tool to collect information and offer team members directed instruction to complete 390 
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tasks. The use of many of these behaviors by leaders in teams A1 and B2 could suggest that using direct eye contact 391 

was a central behavior in helping the leader command the group and offer psychological cohesion (Luft et al., 2022).  392 

The ability of leaders to regulate their own behaviors and learning can be a useful step towards advancing 393 

their teams’ performance. These results suggest that CRM simulations can help advance the training of CRM skills 394 

through the development of SRL and SSRL strategies that can be used by individuals to influence the team’s 395 

performance. These findings support the existing literature of the role of regulation within CRM simulations as a 396 

vehicle to manage the intra-personal demands of medical practice (Hadwin & Oshige, 2011) that emerge from how 397 

team leaders interact with their teammates. This study adds to the literature on CRM medical simulations (Burden, 398 

2020; Sinz, 2005) by placing SRL and SSRL strategies at the forefront of how teams interact. As this case study has 399 

suggested, the presence of regulatory codes that encourage group cohesion, the sharing of information, and 400 

organization of shared mental models while engaging in simulations, may be a path towards advancing how we see 401 

the effectiveness of leadership and performance in medical simulations. 402 

To answer our second research question “Are leaders’ SRL, SSRL, and behavioral strategies associated 403 

with their objective performance scores?”, results suggest that team leaders who had higher Ottawa GRS scores 404 

tended to use more SSRL strategies to collect and share more information, helping to manage their group 405 

performance (Järvelä et al., 2016) (Jarvela & Hadwin, 2013). The use of effective SRL and SSRL strategies by 406 

leaders in Teams A1 and B2, who scored the highest ratings of communication and leadership, demonstrated that 407 

through effective use of team organization, communication, and clear decision making, they can contribute to 408 

positive simulated patient outcomes. While the goal of this study is not to determine the generalizability and 409 

correlations between scoring, SRL, and SSRL behaviors in leaders, these results do suggest that the presence of 410 

more regulatory codes may help to explain differences in performance. 411 

This work makes an important conceptual contribution to the field by using SRL and SSRL as a framework 412 

for leadership skill development in medical CRM simulations. Even though SRL and SSRL are traditionally used to 413 

look at the regulatory strategies to enhance learning, these same strategies can be used to understand how teamwork, 414 

communication, and leadership skills occur in medical simulations. A novel contribution of this study is the 415 

development and testing of a coding scheme for examining both leadership and regulation that is suitable for use in 416 

the context of intense team-based medical simulations. These findings help to expand our existing findings on the 417 

framing of regulation in medical simulation (Brydges et al., 2015) by focusing on the leader and how their 418 
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regulation shapes their team performance. This helps to address a gap in the literature surrounding the use of coded 419 

data to move beyond self-report (Tanimura et al., 2023) in our study of SRL in medical education. These regulation 420 

skills can contribute to better leadership by helping leaders become more aware of how to use their team to collect 421 

and process patient information, and how to use the assets of the team members to deliver critical care. 422 

Findings may have important contributions for medical education in simulation environments because this study has 423 

the potential to enrich future debriefing sessions to consider the interplay of group regulation and leadership 424 

strategies. For example, by understanding behaviors and group regulation strategies, medical trainees can have 425 

explicit discussions within their debriefings that make reference to specific strategies that they did or did not 426 

employ, and how those would improve their ability to manage their team and achieve their best performance. These 427 

finding expand upon the existing pedagogical values of debriefings in simulation education (Greenberg et al., 2023) 428 

by expanding the range of debriefing topics and what learners can gain from discussions about SRL. Our findings 429 

suggest that the increased presence of regulation strategies provides an indicator of how effective a leader may be as 430 

communicators with their teams, indicated by the Ottawa GRS ratings of communication.  431 

In conclusion, this study contributes to establishing the conceptual use of SRL and SSRL as a framework 432 

for leadership skill development in medical CRM simulations. Our use of an integrated coding scheme allows for 433 

researchers and simulation educators to examine regulation within medical simulations, which can have a positive 434 

contribution to expanding the discussions surrounding debriefings to focus on regulation and it’s applicability to 435 

team performance. 436 

Limitations and Future Study 437 

This study builds upon existing findings within SRL in medical education by moving beyond medical trainee self-438 

report (Bransen et al., 2020; Gandomkar et al., 2016; Gandomkar et al., 2020) and performance evaluations, to 439 

describe the regulation strategies exhibited by leaders. With any study, there are limitations to the design and 440 

outcomes that can be considered for future exploration. First, the research team did not examine how individuals set 441 

goals as part of SRL or as a team at the SSRL level. The exploratory nature of this protocol and novel examination 442 

of team-based medical simulations did not lend itself to examining how individuals set goals for the simulation and 443 

how the groups worked to established, and then complete or not achieve those goals. The exploratory nature of this 444 

study design opens avenues for further investigation into the dynamics of leadership and regulation in medical 445 

education simulations, but the current findings should be interpreted with caution due to these limitations. 446 
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Furthermore, greater examination of leadership should be undertaken to explore how medical trainee-specialty and 447 

years of training shape the type of regulation strategies that leaders use, and how those strategies are employed 448 

within the unique culture of medical communities. We did not ask or have the opportunity to collect data on issues 449 

that residents, whom were playing the role of leaders (or others), identified or struggled with. Further, we did not 450 

examine learning about leadership. That would require measurement at two or more points in time. In future 451 

research, we could examine self-report measures prior to and after the simulation, or semi-structured interviews 452 

post-simulation after the debriefing that prompt medical residents to think about leadership what leaders identified 453 

and struggled with. In a longitudinal study, we could examine leaders' performance as a leader over time, though, 454 

due to the high cost of simulations and the need for medical residents to have the opportunity to be a leader and team 455 

members, this would not likely be easily feasible. SRL and SSRL can be good models to understand and in the 456 

future teach leadership for medical professional. To implement this, we could teach residents these models and draw 457 

on their concepts within debriefings to help explain what worked well and what did not. In future studies, the 458 

opportunity to collect data from more medical trainees will allow for greater generalizations, enabling researchers 459 

and medical simulation facilitators to implement these findings to train their residents to develop better leadership 460 

and regulation practices. This study contributes to the emerging research in the field of group regulation in medical 461 

simulations and advances our understanding of how medical trainees develop leadership skills, and how those skills 462 

affect group regulation within simulation environments. 463 
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Tables 

Table 1 

Summary of CRM Simulation Scenarios 

Scenario Condition Summary 

1 GI (gastrointestinal) bleed 

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. 

2 Status Asthmaticus (respiratory failure) 

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. 

 

 

Table 2 

Rater Agreements on Key Leadership Moments 

Rater   
Videos 

coded   

Key leadership moments 

identified- Before deliberation   

Key leadership moments identified- 

After deliberation   

M.M.   4   

Team A   19   Team A   16   

Team B   23   Team B   14   

Team C 29   Team C 15   

Team D 15   Team D 12   

K.G.   3   

Team A   19   

   
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 

Simulation 
Events both 

raters included   

Events both 

exclude   

Rater 1 

included   

Rater 2 

included   

Cohens’ 

Kappa   

Simulation Observations 

Team A   16   10  1  1  .85  

Team B   14   4   1   1   .73  

Team C 15   7  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 

Team 

Calm & 

control 

during crisis 

Prompt and firm 

decision-

making 

Global 

perspective 

Leadership- 

Overall 

Communicates 

clearly and 

concisely 

Directed 

verbal/non-verbal 

communication 

Listens to 

team input 

Communication- 

Overall 

A1 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 

B.1.a. Gaze 

towards the 

patient  

B.1.b. Gaze towards an 

information source 

B.1.c. Gaze 

away 

B.1.d. Gaze 

towards others 

B.1.e. Gaze 

directed 

downward 

Team A1 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. 

Volume of 

speech 

B.2.2. Speed of 

speech 

B.2.3. Verbal 

filters 

B.2.4. Pitch of 

speech 

B.3.1. Facial 

expression 

B.3.2. 

Head 

B.3.3. 

Shoulders 

B.3.4. 

Hands 

B.3.5. 

Standing 

posture 

Total 

3/.02 2/.01 3/.02 4/.03 4/.03 3/.02 4/.03 6/.04 2/.01 

161/1 3/.02 4/.03 2/.01 3/.02 4/.03 5/.03 4/.03 5/.03 1/.01 

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 

192/1 5/.03 6/.03 5/.03 2/.01 6/.03 20/.10 3/.02 11/.06 2/.01 

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 

196/1 4/.02 2/.01 0/.00 2/.01 2/.01 3/.02 4/.02 1/.01 4/.02 

7/.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.2.4. Executive 

monitoring 
C.2.5. Evaluation C.2.6. Elaboration Total 

10/.24 12/.29 7/.17 6/.14 4/.1 2/.05 

41/1 9/.22 5/.12 7/.17 5/.12 4/.1 3/.07 

4/.1 0/.00 7/.17 5/.12 4/.1 0/.00 

10/.12 11/.14 3/.04 4/.05 2/.02 2/.02 

81/1 10/.12 6/.07 3/.04 3/.04 0/.00 0/.00 

10/.12 11/.14 1/.01 2/.02 3/.04 4/.05 

3/.07 4/.09 0/.00 0/.00 0/.00 1/.02 

43/1 8/.19 11/.26 2/.05 0/.00 2/.05 2/.05 

2/.05 0/.00 1/.02 0/.00 1/.02 2/.05 

16/.26 14/.31 4/.09 1/.02 4/.09 5/.11 

45/1 7/.16 3/.07 1/.02 3/.07 0/.00 0/.00 

4/.09 4/.09 0/.00 0/.00 0/.00 1/.02 

 

C.3 Socially-Shared Regulation strategies 
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C.3.1. Facilitation C.3.2. Inhibition 
C.3.3. Affective Social 

Presence (ASP) 

C.3.4. Interactive Social 

Presence (ISP) 

C.3.5. Cohesive 

Social Presence 

(CSP) 

C.3.6. Negative social 

interactions 
Total 

2/.06 0/.00 5/.15 3/.09 2/.06 0/.00 

34/1 2/.06 0/.00 0/.00 4/.12 2/.06 0/.00 

3/.09 0/.00 5/.15 6/.18 0/.00 0/.00 

4/.06 3/.04 7/.10 15/.21 6/.08 0/.00 

71/1 1/.01 4/.06 2/.03 7/.10 3/.04 0/.00 

6/.08 0/.00 0/.00 7/.10 6/.08 0/.00 

0/.00 3/.08 3/.08 7/.19 1/.03 0/.00 

37/1 2/.05 1/.03 1/.03 6/.16 3/.08 4/.11 

0/.00 0/.00 0/.00 1/.03 1/.03 0/.00 

3/.07 3/.07 5/.12 10/.24 6/.14 0/.00 

42/1 1/.02 0/.00 1/.02 1/.02 0/.00 1/.02 

1/.02 0/.00 3/.07 4/.10 1/.02 0/.00 

 


