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Abstract
This study explores interprofessional healthcare team interactions and decision making
from a distributed cognition perspective. The practice of patient care continues to increase in
complexity requiring healthcare teams to assume roles that were traditionally the realm of the
individual practitioner. While interprofessional teams are increasingly necessary, communication
and decision making within healthcare teams have been identified as common sources of medical
errors and these have been difficult to address despite considerable efforts. Research regarding
interprofessional team performance has focused on individual team member abilities, as well as
human interactions in achieving patient care outcomes. These approaches do not fully address the
inherent complexities involved in team-based patient care.
This qualitative research used a case study methodology to explore the socio-material
aspects of interprofessional healthcare team communication and decision making through direct
observation and video review of team-based acute care simulation, along with post-simulation
participant interviews. A distributed cognition theoretical framework was used to study the
interactions between team members, as well as those involving mediating artifacts, and relate these
to expected performance measures to better understand how team communication, decision
making and collaborative activities affect patient outcomes.
This research identified the impact that the physical environment and mediating artifacts
can have on the identification, communication, and interpretation of patient related information
and ultimately on patient care decisions within interprofessional healthcare teams. This study
reported contributions to team cognition, awareness, and decision making that have not previously
been described in acute care interprofessional team assessment, and that effectively contributed to
patient care outcomes.
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CHAPTER ONE: INTRODUCTION
Healthcare and the delivery of optimal patient care are becoming increasingly
complex as is the environment in which they take place. As a result, interprofessional teams
of healthcare providers are taking over many aspects of practice that in years past had been
the domain of the autonomous practitioner. In attempting to understand and advance the
training and practice of future healthcare professionals, a greater appreciation of the context
in which care takes place, and a shift in the concept of what constitutes cognition is
required.
Research approaches to understanding knowledge creation and decision making
have focused on individuals rather than teams (Mosier & Fischer, 2010). They have also
commonly taken place in laboratory settings outside the context in which such events
naturally occur (Mosier & Fischer, 2010; Patel, Kaufman, & Arocha, 2002). Such isolated
approaches fail to take into account the exchange of information between care team
members; exchanges that are mediated and augmented by technology, social and material
artifacts, and supportive organizations and infrastructures in daily use (e.g., patient charts, xrays, electronic medical records). In order to fully explore how healthcare knowledge is
gained and used in the context of clinical care, research approaches that expand the concept
of cognition beyond the limits of a single individual are needed.
Statement of the Problem
Interprofessional healthcare teams have risen in prominence over the past few
decades both for their contribution to effective patient care (Healey, Undre, Sevdalis,
Koutantji, & Vincent, 2006; Hurlock-Chorostecki, van Soeren, MacMillan, Sidani, Donald,
& Reeves, 2015) and ironically, also for their role in healthcare errors (Kaba, Wishart,
Fraser, Coderre, & Mclaughlin, 2016; Kohn, Corrigan, & Donaldson, 2000; Patel et al.,
2002; Sharma, Boet, Kitto, & Reeves, 2011). Despite considerable research efforts to reduce
these errors, the magnitude of morbidity and mortality largely persist. The study of
1

interprofessional healthcare teams is fraught with challenges. Research in the past that has
sought to explore the individual and team activities, communication, and decision making
that occur in such teams through linear or individualistic methods have had difficulty
accounting for the complexity that is involved in such care (Broenner & Beautement, 2013;
Lingard, McDougall, Levstik, Chandok, Spafford, & Schryer, 2012a; McBee et al., 2015;
McDougall, Goldszmidt, Kinsella, Smith, & Lingard, 2016).
How interprofessional healthcare teams develop and communicate knowledge and
how decisions are made is incompletely understood in the literature due to several common
assumptions. The literature describes expert judgment and behaviours as demonstrable or
recognizable in a linear, formulaic manner, whereas in practice, eliciting knowledge, how
judgment is formed, and how decisions are made among professionals is challenging
(Crandall, Klein & Hoffman, 2006; Klein, 1989). Another assumption is that knowledge,
behaviours, and skills important for interprofessional team performance can be learned on
an individual basis then transferred to healthcare team setting without considering the sociomaterial effects that engagement in actual clinical practice have on team learning and
performance (McMurtry, Rohse, & Kilgour, 2016). The context in which clinical care takes
place involves healthcare teams that are frequently under stress, pressed for time, and
confronted with conflicting, uncertain, or incomplete information (Dawson & Arkes, 1987).
Decision-making in such contexts often differ significantly from those described in
traditional decision studies and, in clinical practice, may involve short-cuts that are prone to
biases that can affect patient care (Elstein, 1999; Marewski & Gigerenzer, 2012).
Furthermore, the assumption that increased communication and collaborative decision
making in healthcare teams will consistently lead to improved results is now contentious
(Kaba et al., 2016). These assumptions may affect the understanding of interprofessional
healthcare team performance in the context of clinical care.
The roles that technology and supportive artifacts play in knowledge creation and
2

decision making is also incompletely understood (Nemeth, O'Connor, Klock, & Cook,
2005). Incorporating technology, artifacts, and the environment in which clinical practice
takes place adds further complexity to an already challenging setting. However, research
involving socio-cultural theories have provided insight into the complexities involved in
team performance and decision making in other high-risk industries (Beaubien & Baker,
2004; Hutchins & Klausen, 1996) and have more recently also been used to explore
different aspects of healthcare (Eppich & Cheng, 2015; Furniss & Blandford, 2006;
Hazlehurst et al., 2008; Nemeth, O’Connor, Klock, & Cook, 2006).
Examining judgment and decision making within the context in which it naturally
takes place is important given the challenges and stress that exist in such circumstances
(Klein, 2008). While research of such circumstances in high risk industries is often difficult,
costly, and/or dangerous (Geis, Wheeler, Bunger, Taylor, Militello, & Patterson, 2013;
Lateef, 2010), the use of simulation has been effective in the research and training of teams
involved in acute healthcare conditions, where errors can result in serious disability or death
(Gaba, 2004; Issenberg, McGaghie, Petrusa, Gordon, & Scalese, 2005; Nemeth, Cook,
Connor, & Klock, 2004). Studying acute healthcare conditions using simulation from a
socio-material perspective may provide greater insight into interprofessional team
performance than traditional methods have to date.
Context of the Study
In a landmark study in 2000, the Institute of Medicine (IOM) estimated that as many
as 98,000 people die each year in the United States due to preventable healthcare errors
(Kohn et al., 2000). Despite considerable interest and efforts in the years that followed, the
number of such deaths remained unacceptably high (Bleich, 2005; Leape & Berwick, 2005).
Furthermore, studies have reported that the initial IOM study may have considerably underestimated the number of deaths associated with healthcare errors, concluding that such
errors may represent the third leading cause of death in the United States (Makary & Daniel,
3

2016).
Interprofessional healthcare teams have become increasingly necessary to meet the
needs of patients in a progressively complex healthcare environment (Baker, Egan-Lee,
Martimianakis, & Reeves, 2011; Bleakley, 2013; Healey, Undre, & Vincent, 2004;
Thistlethwaite, 2012), yet communication and decision making in teams caring for patients
with serious health conditions has been identified as a leading cause of errors that result in
unexpected morbidity or mortality (Kohn et al., 2000; Orchard, King, Khalili, & Bezzina,
2012; Reeves, Tassone, Parker, Wagner, & Simmons, 2012; Varpio, Hall, Lingard, &
Schryer, 2008). This is especially true when the communication involves members of
different professions and/or practitioners at different levels within their professions
(Boreham, Shea, & Mackway-Jones, 2000).
Integrating effective patient care involving multiple team members from different
professions in an environment of unpredictability, dynamism and evolving circumstance
requires addressing such complexity. Many of the efforts to combat healthcare errors due to
poor communication have sought to simplify the complexity of care and institute rule-based
communication tools (Varpio et al., 2008). Another simplification is the focus on a common
purpose, while in clinical practice, health care professionals and healthcare teams can frame
goals and their components differently, leading to collaborative entanglements that can
detract or distract from optimal care (McDougall et al., 2016). New methods that represent
the inherent complexity of healthcare delivery by interprofessional teams are required
(Lingard et al., 2012a).
The purpose of my research was to explore the inner workings of interprofessional
team knowledge development, communication and decision making as demonstrated in a
team-based simulation activity. The research coincided with a previously scheduled
simulation training program created to increase the awareness and skills of healthcare
professionals dealing with severe sepsis and septic shock. Charleston Area Medical Center
4

(CAMC), in Charleston, West Virginia developed an interprofessional Severe Sepsis
Simulation training program as part of their Surviving Sepsis Campaign (Dellinger et al.,
2004). The incidence of unrecognized severe sepsis and septic shock at healthcare facilities
nationwide was recognized as unacceptably high and an international effort to increase
awareness and improve the outcomes of patients with sepsis was established (Dillinger et
al., 2004). The simulation-based, interprofessional training activity at CAMC was part of
this initiative.
This research project studied how interprofessional teams develop, communicate and
use new information in a complex clinical environment. The distributed cognition
framework, described below, focused not just individuals’ knowledge and actions, but also
on the role that interactions between team members and the interactions with mediating
artifacts play in developing new knowledge and their contributions to team decision making.
Rationale for the Study
The research questions for the study explored how behaviours, communication,
interactions, technology, and clinical setting affected the decisions made, and the care
delivered, by interprofessional health care teams. Greater understanding of how team
members access and communicate information, share their knowledge and ideas, and
participate with others (and artifacts) in decision making will enhance the understanding of
how outcomes are achieved. For this reason, a qualitative approach was chosen for this
research study.
As the goal of the study was to explore the judgment and decision making processes
of interprofessional teamwork within a clinical environment, including the diverse and
evolving interactions between team members and those involving supportive mediating
artifacts, a case study methodology was chosen. Case study research involves detailed
exploration of, “real-life, contemporary bounded system (a case) … through detailed, indepth data collection involving multiple sources of information” (Creswell, 2013a, p. 97).
5

The unit of analysis was the case which in this thesis consists of the teamwork occurring
within the interprofessional healthcare simulation scenario.
The research project used a case study methodology to explore the phenomenon of
interprofessional healthcare team communication and decision making in depth. Qualitative
data collection and analysis included direct observation and audiovisual recording of team
activities involved in caring for a critical patient in a simulated environment, team
discussions during a debriefing episode, as well as post-simulation semi-structured
interviews.
Significance of the Study
A recent study (Makary & Daniel, 2016) reported that the IOM report (Kohn et al.,
2000) of up to 98,000 deaths per year due to healthcare errors may have been a gross
underestimate. Regardless of the actual number of preventable deaths related to healthcare,
they are by all accounts unacceptable and further efforts are required to reduce such events.
Given that healthcare delivery is complex, efforts to study patient care must take into
account this complexity (Bleakley, 2006).
Distributed cognition expands the unit of analysis beyond the individual actor to
include the interactions between actors, mediating artifacts, and the context/environment in
which the care takes place. As the technology affecting patient care both directly (e.g.,
laparoscope resolution and function) and indirectly (e.g., lighting in trauma rooms)
continually advances, these mediating artifacts and the supportive environment in which
care takes place play an increasingly important role in the delivery of quality care
(Hazlehurst et al., 2008; Hazlehurst, McMullen, Gorman, & Sittig, 2003; Nemeth et al.,
2006; Rajkomar & Blandford, 2011).
Studying judgement and decision making in interprofessional teams within a
simulation environment combines an approximation of the context of care with the control
for studying rare or traumatic events that might be difficult to study in the natural healthcare
6

environment (Beaubien & Baker, 2004; Gordon, Oriel & Cooper, 2004). Simulation also
allows for the training of individuals and teams using repetition to improve the behaviours,
communication and decisions associated with effective outcomes. Increased understanding
of the ways in which healthcare professionals acquire, communicate and use information in
a team environment through interactions with each other and mediating artifacts may
influence both the evaluation of team performance, as well as, influence that methods used
to train students within and across different healthcare professions.
Definition of Key Terms
Actor Network Theory: This concept has defied concise definition (Bleakley, 2014) and
represents a theory that lacks a coherent framework if it is to be considered a theory at all
(Mol, 2012). Actors consist of both human and non-human entities, with each having
potentially equal importance (Nestel et al., 2016), that comprise networks through
connections and interactions with each other. The manner and context in which actors relate
is the basis for learning, thus the focus of learning is shifted from the individual learner to
the setting/environment in which the learning occurs (Nestel et al., 2016).
Artifacts: Objects that enhance or aid our cognitive abilities. Examples include both those
that are physical (e.g., patient white board, patient chart) and technological (computer,
intravenous pump, patient simulator).
Complexity: A dynamic state involving independent agents responding to unpredictable
and evolving events.
Debriefing: A process used in healthcare simulation activities to discuss with participants
simulation-based events, actions, behaviours and outcomes. Debriefing usually follows
shortly after the conclusion of the simulation activities.
Distributed cognition: An expanded perspective of cognition that involves not only the
individual, but also interactions between individuals and those between individuals and
mediating artifacts.
7

Fidelity: The extent to which a simulated situation reflects that which it is intended to
simulate.
Interprofessional healthcare team: Teams of healthcare professionals from difference
disciplines that work together on common healthcare problems on in the coordinated
delivery of care to patients.
Medical: This term relates both to the specific healthcare discipline of medicine, as well as,
more generally to healthcare practice (e.g. medical conditions, medical therapies) which
may involve professionals from other healthcare disciplines.
Pre-briefing: An event held just prior to simulation activities to introduce participants to
each other and to the simulation task at hand.
Simulation: A representation of the behaviours, environment and characteristics of one
system using another.
Team: A group of people committed to working together for a shared or common
goal/objective.
Teamwork: The processes involving a group of people working towards a common goal in
a coordinated manner.
Organization of the Thesis
In Chapter Two, a review of the literature describes both the problems this study
sought to address and approaches that offer promise in addressing them. In Chapter Three,
the research design, including methodology, sampling, and data collection and analysis
methods are reported. Concerns regarding research integrity and ethics in conducting the
research are then described along with the ways in which these concerns will be addressed.
Finally, the limitations and delimitations of this study are described as is the background
and role of the researcher in the conductance of this research.
Chapter Four describes the findings of the research study beginning with a
description of the cohorts and backgrounds of the participants, as well as the facilities and
8

environment in which the study took place. The major findings of the report are then
presented, including data from all sources. In Chapter Five, the findings are analyzed from
the perspective of the research questions and Chapter Six summarizes the major findings,
provides implications for practice as well as directions for future research.

9

CHAPTER TWO: LITERATURE REVIEW
Introduction
This research project used a distributed cognition (DC) theoretical framework to
study interprofessional teamwork in a simulation training environment, examining the
communication patterns, interactions between team members (actors) and artifacts, and the
contributions of each to clinical decisions. This section begins by describing the increased
concern regarding patient safety that has arisen over the past two decades and the relative
ineffectiveness of many programs and projects designed to improve patient care quality. As
decision making is at the heart of patient care, the processes involved in judgment and
decision making will be examined, first from an individual perspective, and later from a
team perspective. The advantages and challenges of an interprofessional team approach to
healthcare practice and the increasing role that technology is playing in supporting problem
solving and decision making will also be reviewed. The importance of context in training
along with the history and use of high fidelity simulation as a training method to recreate the
complexity of real-life clinical practice will then be explored. Finally, the benefits of a
distributed cognition approach to studying interprofessional teamwork and its applicability
to address the complexity and uncertainty of actual clinical work will be described.
Quality in Healthcare Training and Practice
While the origins of primum non nocere, or above all, do no harm are unknown, it
has remained a central maxim in medical practice for centuries (Smith, 2005).
Unfortunately, adherence to this simple premise remains a challenge. In 2000, the Institute
of Medicine (IOM) released a report entitled To err is human: building a safer health
system, in which was described:
Health care in the United States is not as safe as it should be--and can be. At least
44,000 people, and perhaps as many as 98,000 people, die in hospitals each year as a
result of medical errors that could have been prevented, according to estimates from
10

two major studies. Even using the lower estimate, preventable medical errors in
hospitals exceed attributable deaths to such feared threats as motor-vehicle wrecks,
breast cancer, and AIDS. (Kohn et al., 2000, p. 1)
This revelation heightened concerns regarding patient safety on the part of healthcare
practitioners, the healthcare professions and regulatory bodies, governmental agencies, and
the public at large (Leape & Berwick, 2005; Wachter, 2004). In their follow up report,
Crossing the Quality Chasm: A New Healthcare System for the 21st Century, the Institute of
Medicine (2001) recommended a series of improvement steps to deal with factors that
contribute to healthcare errors. These included, but were not limited to, increasing the use
and usefulness of information technology including the use of simulation in training,
increased use of teamwork and improved communication amongst team members, and
increasing decision making support through informational technology and the application of
evidence-based medicine. Since the release of these two reports and despite considerable
financial, political, and human investment in improving quality and reducing unnecessary
mortality, concern remains as to whether or not the overall state of affairs has improved
(Bleich, 2005; Jewell & McGiffert, 2009; Leape & Berwick, 2005; Wachter, 2004).
Moreover, a recent study (Makary & Daniel, 2016) reported that the initial IOM report
(Kohn et al., 2000) may have considerably underestimated the annual number of deaths, and
that healthcare errors may represent the third leading cause of death in the U.S. with
200,000 to 400,000 deaths per year. The fact that recent efforts have focused on improving
patient safety, yet little overall impact has been made has many researchers looking at what
factors in the assessment of performance or design are not effectively being addressed.
An important factor contributing to the difficulties in assuring quality care is the
increasing complexity involved in patient care (Franklin et al., 2011; Fraser & Greenhalgh,
2001; Plsek, 2003) and the lack of appreciation for the context in which care is provided
(Bates & Ellaway, 2016). The increased use of interprofessional teams in healthcare has
11

been recommended to deal with concerns over the complexity of care (IOM, 2001), but
communication and decision making errors within such teams have been identified as
primary sources of unintended patient harm (Kohn et al., 2000; Motola, Devine, Chung,
Sullivan, & Issenberg, 2013). While there has been considerable research focused on
teamwork, team performance and the outcomes of team decisions (Lemieux-Charles &
McGuire, 2006), relatively little research has focused on how such decisions are made and
the context in which they take place. Failure to understand and address the complexity
involved in the healthcare environments and the context within which healthcare teams
practice may limit patient safety improvement efforts (Bleakley, 2013; Lingard et al., 2012;
Varpio, Hall, Lingard, & Schryer, 2008; Young, ten Cate, O’Sullivan, & Irby, 2016).
One aspect that may limit the effectiveness of safety improvement measures may be
the lens through which patient care and health care systems are viewed (Broenner &
Beautement, 2013). Cohen, Blatter, Almeida, Shortliffe, and Patel (2006) reported that
tackling the problems identified in the first IOM report “cannot be addressed without deep
knowledge of the environment in which it occurs” (p. 74), and that “an understanding of the
underlying mechanisms of error is essential if we are to design systems to protect patients
from these events” (p. 74). The perspective through which the practice of patient care is
viewed influences the assessment of practice, as well as serving as the foundation of
improvement programs (Furniss & Blandford, 2006). Incomplete understanding of the
context of care delivery and care environments may thus limit patient safety efforts.
The heightened concern regarding patient safety has filtered down to the training of
healthcare practitioners (Hanson, 2012). Hanson (2012) reported that, “medical error and
patient safety is playing an increasing part in medical training” (p. 3). One aspect of
healthcare education that has undergone significant growth due to the concerns over patient
safety is the use of simulation (Ziv, Wolpe, Small, & Glick, 2003). While the use of
simulation at all levels of healthcare education and training has rapidly expanded (Gaba,
12

2004; Rall & Dieckman, 2005), there remain concerns over its effectiveness at improving
patient care in practice (Bradley, 2006; Okuda et al., 2009). Just as the lens through which
we view healthcare practice may impair the development of effective improvement
programs, these perspectives used in the design of simulation-based training programs may
similarly limit their effectiveness in the creation, implementation, and subsequent evaluation
of patient care initiatives.
Judgment and Decision Making
Exploring how decisions are made in interprofessional healthcare teams involves
research that spans from traditional, analytical decision making, often performed in labs
removed from the context of where the decisions are practically made, to context-rich
studies such as naturalistic decision making, and the role of pattern-matching associated
with the development of expertise (Flin, Youngson & Yule, 2007; Mosier & Fischer, 2010).
It also spans the spectrum from decisions made by individual healthcare professionals acting
independently to the complexity of team decision making that may involve varying levels of
input and collaboration from team members (Flin et al., 2007; Stoner, 2015). Moreover,
decisions made by individuals and teams are increasingly affected by technology and other
supportive artifacts as well as influenced by organizational, professional and environments
cultures, edicts and constraints (Mosier & Fischer, 2010).
This section begins by reviewing a conceptual model for decision making followed
by a review of research on traditional, analytical decision making processes and how these
optimized methods are rarely possible in the practical healthcare environment. Research
exploring alternative decision making processes that are contextually sensitive to the
healthcare environment will then be reviewed, along with the advantages and disadvantages
that their practice entails. Finally, the importance of ongoing situation awareness given the
dynamic state of clinical scenarios and the interdependence of decisions will be examined.
Conceptual model of decision making
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A conceptual model developed by Mosier and Fischer (2010) highlighted the various
influences on judgment and decision making (see figure 1). In this model, judgment leading
to decision making is in the center. Mosier and Fischer (2010) described this as a two-part
process consisting of judgement, the front-end that includes problem identification and
analysis, search for information, assessment of time and risk, assessing and understanding
the situation, and the recognition of patterns, followed by decision, the back-end, that may
involve plan development, adaptation of responses, mental simulations, and evaluations of
alternatives. Moving out from the center of this model highlights the influences on the
judgment and decision making (JDM) process and include the effects of working in teams,
with technology, and within organizations. Research focusing on these influences will be
reviewed below.

Figure 2. Judgment and decision conceptual framework. Adapted from “Judgment
and decision making by individuals and teams: issues, models, and applications” by K. L.
Mosier and U. M. Fischer, 2010, Reviews of Human Factors and Ergonomics, 6(1), 198-256
[used with permission].
Traditional research approaches to decision making
Traditional approaches to studying judgment and decision making (JDM) have
focused on the cognitive processes of the individual in gathering available information,
analyzing it, developing a list of possible options along with the probabilities of success, and
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choosing the best among them (Beach & Lipshitz, 1993; Deckers, 2011; Flin, Youngson, &
Yule, 2007; Mosier & Fischer, 2012). Such research has typically focused primarily on the
center of Mosier and Fischer’s (2012) conceptual model, involving controlled experiments
in laboratory environments focus on decisions as an outcomes rather than a processes
influenced by the natural context in which such decisions are normally made. Such research
results in rule-based, optimized decision (Mosier & Fischer, 2012). Marewski and
Gigerenzer (2012) referred to this as unbounded rationality where it is assumed that,
“decision makers will collect and evaluate all information, weigh each piece of it according
to some criterion, and then combine the pieces to maximize the chance of attaining their
goals” (p. 79). However, this type of research explores the cognitive capacity of individuals
under ideal situations, whereas the circumstances surrounding JDM as practiced in
healthcare and other high risk industries incorporates the outer rings on Mosier & Fischer’s
(2012) conceptual model and as such is rarely ideal. Rather, there are many constraints that
affect what and how information is attained and processed and what decision options are
considered in a process Simon (1956) referred to as bounded rationality.
Naturalistic decision making (NDM)
Key contextual factors that affect decision making in a natural setting include:
poorly-structured problems; uncertain, dynamic environments; changing, poorly defined,
often competing goals; action/feedback loops (series of interdependent decisions); restricted
time; multiple players; and organizational / institutional norms and goals (Gore, Flin,
Stanton, & Wong, 2015; Orsanu & Connolly, 1993). Given these constraints, clinicians
practicing in healthcare environments take short-cuts in decision making, focusing on
reaching a satisfactory solution for problem control, rather than devising the optimal or
perfect solution (Flin et al., 2007). Such real-life decision making has been studied using a
Naturalistic Decision Making (NDM) model, briefly described as, “the way people use their
experience to make decisions in field settings” (Zsambok, 2014, p. 3). NDM has been
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studied in a number of high risk industries, including firefighting, aviation, the military, and
healthcare (Falzer, 2004; Flin et al., 2007; Gore et al., 2015). Rather than examining the
deficiencies of decisions in their natural settings, a traditional approach for investigating
errors, early NDM researchers took a different approach. Instead, NDM researchers sought
to “find out how people were able to make tough decisions under difficult conditions such
as limited time, uncertainty, high stakes, vague goals, and unstable conditions” (Klein,
2008). The results indicated that professionals in such high risk industries are more
concerned with the evaluation of the situation and resources available, than with developing
multiple options for comparison (Zsambok, 2014). Greater effort in assessing the
circumstances, gathering information and identifying problems generally led to less reliance
on extensive decision options. Initial decisions were more informed and mental simulation
allowed for necessary adaptations (or abandonment) before the decisions were finalized.
The applicability of NDM to studying such dynamic, high-risk team situations makes it an
appropriate approach for exploring interprofessional healthcare teamwork.
Expertise and decision making
As learners progress in their healthcare training, their approach to forming
judgments and making decisions changes. Early on in training, the lack of experience has
novices following rules, similar to the structured approach using traditional analytical
methods (Schmidt & Rikers, 2007). With increased knowledge and experience, learners
begin to group information regarding clinical conditions into chunks or illness scripts (Lee
et al., 2010; Schmidt & Boshuizen, 1993). These mental scripts allow practitioners to reduce
the amount of information used and time taken in reaching conclusions (Marewski &
Gigerenzer, 2012). This short-cutting of the diagnostic reasoning process, known as
heuristics, allows decisions to be reached in a more efficient manner (Islam, Weir, & Del
Fiol, 2014), but can lead to varying levels of decision quality (Elstein, 1999; Gigerenzer &
Gaissmaier , 2011; Marewski & Gigerenzer, 2012).
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Action/feedback loops and situation awareness
Many of the decisions made regarding patient care are interdependent, in that one
decision may shift the context in which subsequent decisions are made (Deckers, 2011).
Multiple goals must often be balanced and may shift in priority as the condition of the
patient and the environment changes, making healthcare decision “a continuous state of
affairs in a dynamic environment” rather than resolution of discrete, independent concerns
(Rasmussen, 1993, p. 158). This ongoing situation awareness has been studied from both the
individual and team perspectives.
An important concept regarding JDM in high risk industries is that of situation
awareness (SA), originally described by Endsley (1988) as, “the perception of elements in
the environment within a volume of time and space, the comprehension of their meaning
and the projection of their status in the near future” (p. 97). SA characterizes the ability to
adequately monitor and adapt to the status of a complex and dynamic environment where
conditions are constantly changing (Schulz, Endsley, Kochs, Gelb, & Wagner, 2013).
Parush et al. (2011) provided the following example of situation awareness in a clinical
setting:
You are an emergency physician and your next patient to assess is an elderly patient
with a fever and cough, and a HR of 120 and a BP of 95/40. The vital signs are noted
on the nursing note. Did you read and take note of the nursing vital signs? Have you
considered the implications of such vital signs? Are you thinking ahead what may
happen if these vital signs persist with no intervention? (p. 1)
This clinical example highlights the three levels of SA: the ability to perceive the
environment and any changes that occur, the ability to comprehend how the (changing)
environment affects the overall situation, and how planned actions might affect the
(changing) environment (Wright, Taekman, & Endsley, 2004). Green et al. (2016) reported
how situation awareness can be lost in many clinical environments, especially during
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stressful, critical situations and how loss of SA can seriously compromise patient safety.
With this foundation of these concepts and processes of individual situation
awareness and decision making, the next section will focus on exploring how decisions are
made in teams. Characteristics of effective teamwork with regards to team decision making,
including leadership, communication and shared cognition will be examined as they pertain
to interprofessional healthcare teams. Also reviewed will be the effects of power, conflict
and stress on individual and team decision making.
Interprofessional Teams
An important factor that influences healthcare decisions is the growing use of
interprofessional teams used to address patient needs (Burke, Salas, Wilson-Donnelly, &
Priest, 2004; Healey, Undre, & Vincent, 2004; McDougall et al., 2016; Weaver et al., 2010).
That said, “the rise in importance of teams for addressing complex work environments is
paralleled by an increase in the amount of cognitive tasks allocated to teams” (Salas et al.,
2009). As such, teamwork training has been recommended as a means of improving patient
safety (Kohn et al., 2000). The impact of interprofessional education (IPE) on team training
was reviewed by Reeves et al. (2001) who found evidence of positive outcomes, while
cautioning that more research was required to demonstrate the overall effects on
professional practice and patient outcomes. Similarly, Fung et al. (2015) also reported
positive results in interprofessional training using simulation, but agreed that demonstration
of simulation-based learning transference to clinical workplaces leading to improved patient
outcomes required greater study.
Interprofessional teamwork in healthcare has been described as, “the levels of
cooperation, coordination and collaboration characterizing the relationships between
professions in delivering patient-centered care” (IPEC, 2016, p. 11). Research into the
effects of teamwork on clinical JDM has reported advantages and disadvantages over
individual JDM as teams offer both increased cognitive capacity and expanded skill sets,
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while at the same time have to deal with the considerable challenges of integrating and
coordinating the individuals involved (Burke et al., 2004). Due to high stress and
unfamiliarity of team members, these challenges are particularly concerning in ad hoc
medical teams in acute care environments (Janss, Rispens, Segers, & Jehn, 2012), as well as
different teams collaborating on patient care efforts (McDougall et al., 2016).
Team decision making is characterized by having more than one team member
involved in the gathering and interpretation of information and using this to support JDM
(Mosier & Fischer, 2010). That said, team decisions do not always require full input and
consensus from team members, especially in acute, high risk industries such as healthcare
where patient circumstances may place considerable time and resource restrictions on the
decision making process (Klein, Ziegert, Knight, & Xiao, 2006). Stoner (2015) described
the following six types of team decisions that vary in the degree of input from team
members:1) individual decisions where the person who is responsible for the outcome of the
decision makes the call without input from others; 2) minority decisions that involve input
from a small subsection of the team directly involved in the issue to be resolved; 3) majority
decisions that involve a larger section of the team; 4) consensus decision making, where all
team members have an opportunity to contribute to the decision, although they may not all
agree, is both the most effective, but also the most time consuming type; 5) unanimous
consent is where all team members truly agree with the decision; and 6) “plop” where there
is a “decision by lack of decision” (Six Types of Team Decisions section, para. 6).
Another approach to categorizing decisions in high risk industries was provided by
Flin et al. (2007) who adapted a decision model developed by Orasanu and Fischer (1997),
to reflect intraoperative decision making. The model represents a two-step approach to
decision making with four decision types based on the time available to make the decision
and the risk involved in the decision outcomes (see Figure 2). The first step involves
assessing the situation regarding the levels of time available and risk involved, with the
19

second step focused on the most appropriate decision type. In general, intuitive/recognition
and structured heuristic approaches are used when time is short and the risks are great. On
the other hand, when more time is available and risks lower, analytical and creative
decisions can be sought.

Figure 2. Two step decision process. Adapted from “How do surgeons make
intraoperative decisions?” by R. Flin, G. Youngson, and S. Yule, 2007, Quality and Safety
in Health Care, 16(3), p. 236 [used with permission].
While there exists considerable research on judging team performance based on
decision outcomes, there is considerably less research that has explored how those decisions
are made in a team environment (Christensen & Larson, 1993; Mosier & Fischer, 2010).
Examining the processes involved in team decision making requires examination of
important characteristics of teamwork, including leadership, communication, and shared
cognition, as well as the effects that power, conflict, and stress have on team decisions.
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Leadership
Research on team performance commonly highlights the importance of leadership,
whether that be the traditional vertical leadership model or one of shared leadership where
the leader role shifts within the team, taking advantage of the individual strengths of the
members (Klein et al., 2006; Salas, Rosen, Held, & Weissmuller, 2009). Lingard et al.
(2012b) found that the traditional systems of healthcare, education, and medical-law
reinforced the concept of the physician being team leader, making it difficult, even if
desired, to establish a truly collaborative approach to leadership. Regardless, leaders need to
effectively communicate with other team members and outside resources, but must also be
prepared to limit the amount, nature and source of information as the constraints and
complexity of the circumstances dictate. This is understandable as many patient care
decisions do not require input from all disciplines to arrive at a satisfactory outcome (Klein
et al., 2006; Stoner, 2015).
Communication
Research regarding the importance of communication in interprofessional teams
dates back decades to Kane (1975) who succinctly described such teams as having “a
common objective, differential professional contributions, and a system of communication”
(p. 5). With the increased reliance on team-based care, despite that fact that communication
errors within healthcare teams have been shown to be a common source of inadvertent
patient harm (Bleakley, 2013; Kohn et al., 2000; Leonard, Graham, & Bonacum, 2004),
communication within teams is increasingly the focus of healthcare team research (Weldon,
Korkiakangas, Bezemer, & Kneebone, 2013).
Our understanding of the role communication plays in interprofessional team
performance is incomplete. The importance of effective communication amongst members
of healthcare teams increases as the number of team members and complexity of care
increases (Bleakley, 2013), and understanding of this importance has been demonstrated by
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the professions involved. However, while the repercussions of miscommunication are
understood by both nurses and physicians who participate in team-based care, the “nurses
and physicians do not share the same views concerning the effectiveness of their
communication” (Matziou et al., 2014, p. 526). Research has identified the perception of
physicians’ collaborative behaviours, such as shared leadership, communication, and
accommodation, as particularly concerning (Kenaszchuk, MacMillan, van Soeren, &
Reeves, 2011).
As effective communication plays a primary role in sharing knowledge and
awareness of the dynamic clinical context of care, communication has been a focus of
attention in research to improve patient safety (Ammentorp, Sabroe, Kofoed, & Mainz,
2007; Awad et al., 2005; Jones, 2014; Varpio et al., 2008). Yet, what constitutes effective
communication and group work lacks clarity in the literature, as simply increasing
communication and ensuring collaborative decision making is not consistently associated
with improved results (Kaba, Wishart, Fraser, Coderre, & Mclaughlin, 2016). Kaba et al.
(2016) reported that social loafing, cognitive overload, and groupthink could decrease the
number of ideas and hinder, rather than increase, productivity. What is needed then, is
greater understanding of aspects and characteristics of communication and collaboration,
and how these contribute to, or hinder, team performance. Using a distributed cognition
framework, this research project will contribute to such understanding.
Shared Cognition in Interprofessional Teams
While individual members of interprofessional teams may have selective expertise in
different areas of healthcare, it is important in such team environments that there be
considerable overlap, or shared knowledge in critical areas (Cannon-Bowers & Salas, 2001;
Mohammed & Dumville, 2001; Mosier & Fischer, 2010; Salas, Cooke & Rosen, 2008).
Moreland, Argote, and Krishnan, (1996) describe this as transactive memory in which, due
to situational complexity, team knowledge is distributed unequally among team members
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such that everyone knows only a part of what the team knows as a whole (Salas et al.,
2009). Two types of shared knowledge important in team performance are common
knowledge, where different team members share the same critical domain knowledge, and
complementary knowledge, where different team members have different areas of
knowledge that complement each other (Bleakley, 2006; Cooke, Salas, Cannon-Bowers, &
Stout, 2000; Mohammed & Dumville, 2001; Mosier & Fischer, 2010; Salas et al., 2008).
The combination of shared and complementary knowledge within interprofessional teams
contributes to the effectiveness of team situation awareness.
Situation awareness is also important to decide on the best team-based approach to
each patient care circumstance. Casimiro, Hall, Kuziemsky, O’Connor, and Varpio (2015)
described three teamwork patterns in hospital-based clinical care units, including
uniprofessional, where a single provider engaged with a patient, multiprofessional, where
multiple care providers from different professionals or disciplines collaborated to coordinate
their individual care plans, and interprofessional, where the care plans from multiple care
providers from different professions were integrated into a common approach to care. These
authors reported that is was important for providers to be skilled at identifying and applying
the most appropriate pattern given the specific clinical circumstances. This research project
will focus on the most complex of these patterns, the interprofessional approach to care.
Power, Conflict, and Stress in Interprofessional Teams
Many healthcare teams conform to a traditional hierarchical model, with the most
experienced physician assuming (either by design or expectation) the role of team leader
(Apker, Propp, & Zabava Ford, 2005; Baker, Egan-Lee, Martimianakis, & Reeves, 2011;
Coombs & Ersser, 2003; Riley, Manias, & Polglase, 2006). Lingard et al. (2012b) found that
this hierarchical structure with the physician as team leader persisted even in teams designed
to be, and self-characterized as, collaborative and non-hierarchical. In these teams the
researchers described “the process of decision making revealed professional hierarchies by
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distinguishing between those who can offer input (all team members) and those who
actually make the decisions (usually the physicians) (Lingard et al., 2012b, p. 1764).
This hierarchical structure can result in a power structure that favors the perspectives
and specific domain knowledge of the physician and fails to incorporate practical, patient
related information from other healthcare providers on the team. This can negatively affect
team performance and team member satisfaction and force team members to alter their
behaviours in order to be heard (Apker et al., 2005). Sharing of cognitive work through the
distribution of knowledge can also be resisted by professional and/or organizational cultures
in an effort to protect professional identities (Gilardi, Guglielmetti, & Pravettoni, 2014).
While conflict is generally reported to have negative effects on team members and
team performance by distracting focus and hindering information processing and sharing (de
Wit, Greer, & Jehn, 2012), conflict is not necessarily a detriment to team performance.
Some studies have shown that conflict within team can increase communication, sharing of
perspectives, and improved decision making (Janss et al., 2012). The challenge then is to
effectively guide and manage conflict within teams.
Conflict within interprofessional teams can be divided into conflict resulting from
the performance of tasks, the relationships among team members, and process conflict
regarding logistical or delegational issues (Janss et al., 2012; Jehn, 1997). While process and
relationship conflicts are often associated with strong emotions that can overwhelm
rationality and thereby negatively affect team performance, task conflict of moderate
intensity can improve team decision making through increasing discussions, shared
perspectives and constructive criticism and may even lead to team learning in teams that
deal with non-routine, urgent matters (Janss et al., 2012; Jehn, 1997; Xiao, Hunter,
Mackenzie, Jefferies, & Horst, 1996).
Task Interdependency
Interprofessional healthcare teams are diverse in many respects including age, race,
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gender, discipline, and experience. In undertaking patient care activities in acute care
environments, the actions and behaviours of these diverse team members are necessarily
interdependent. These two characteristics of interprofessional healthcare teams can have
opposite effects on stress and conflict within the team. As mentioned above, while diversity
can contribute to task and relationship conflict, meaningful task interdependencies, where
team members need to coordinate activities to achieve common goals, can reduce
relationship conflict and positively affect team cooperation and performance (Lee, Lee,
Chen, Hsieh, Yeh, & Lin, 2014).
Salas, DiazGranados, Weaver, and King (2008) describe task interdependency as the
key characteristic of teams: “The team members must not only communicate but they must
also coordinate actions and cooperate so that they can accomplish a task” (p. 1003). As
every action has the potential to affect the patient’s condition that, in turn, affects the
urgency and/or necessity of subsequent actions, greater interdependence within teams can
lead to greater team efficiency (Thylefors, Persson, and Hellström, 2005). Coordinating
these interdependent activities and adjusting priorities requires rapid assessment of available
information from all sources. Artifact-based information, such as that available on the
patient monitors contributed to the constant monitoring of the patient’s condition, including
any changes resulting from actions taken by team members.
Interprofessional conflict, time and other environmental pressures can increase the
stress level within the team. Stress affects both individual and team performance by
narrowing perspective and causing inward focus (Baumeister, 1998; Canon-Bowers, & Sala,
1998; Driskell, Salas, & Johnson, 1999; Salavoy, 1992). The former can limit the options
and affect situational awareness, while the latter can alter team communication, decision
making and task coordination, all of which can have a negative impact on team
performance.
In the next section, the increasing role that technology is playing in judgement and
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decision making will be explored, including the advantages and disadvantages that engaging
technology in the decision making process may present. The effects of hybrid ecologies
comprised of human and technological contributions to decision making will also be
examined along with the shifting responsibilities that occur as technological capabilities
increase and are increasingly relied upon.

Technology and Hybrid Ecologies
One area that has developed to aid the cognitive abilities of the practitioner is the
rapid advancement of technology in assisting in the gathering and assessment of information
and in the provision of decision options. Technology is far better at continuous monitoring
of parameters of patients’ conditions, estimating probabilities based on evidence, and
integrating data to assist in JDM by clinicians. Mosier and Fischer (2012) described a hybrid
ecology where technical reliability of electronics interact with the consideration of poorly
defined problems, ambiguous cues, time constraints and dynamic environment by the
practitioner. “As hybrid ecologies have become more complex and data intensive,
automated aids and decision support tools have become more commonplace and critical to
performance” (Mosier & Fischer, 2012, p. 227), yet the scientific evaluation of supportive
technologies has not always been done from a clinical perspective, and the potential dangers
are thus underappreciated (Gawande & Bates, 2000b; Patel et al., 2002).
Technological advancements have offered clinicians new analytic and decision
support methods that provide highly reliable and consistent information, but also introduce
new potential biases and errors. Fackler, Watts, Grome, Miller, Crandall, and Pronovost,
(2009) reported concern that technologies can hinder rather that help practitioners due to
poor design or improper or inappropriate use because of complexity. Overly complex
systems may be more difficult to use effectively, leading to greater errors than less complex
technology (Vincente, 2003). Misuse may also arise from a mismatch between the needs of
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the clinician and the design of the system (Wears & Berg, 2005), as technology may not
appropriately interpret naturalistic, context-specific environments and provide faulty
information or recommendations (Gawande & Bates, 2000a).
Technological automations often serve as “bright lights” that can distract
practitioners from searching for additional or confirmatory information either consciously or
unconsciously. This concern is advanced by the general perception that automated aids are
more reliable, diagnostic and important than naturalistic sources (Mosier & Fischer, 2012).
Automation bias, “the use of automated aids as a heuristic replacement for vigilant
information seeking and processing” (Mosier & Fischer, 2012, p. 230) can lead decision
makers to either fail to take appropriate action given the situation (automation omission
error), or take action based on technological information that is not supported by the
situation (automation commission error). By examining how technologies contribute to
JDM, this research project will explore the circumstances that can lead to such distractions
and errors.
Shifting Responsibilities in Hybrid Ecologies
With the increasing reliance on technology in the JDM process, the role of
technology may be moving from a strictly consultative, supporting role to one of
responsibility as decision support systems are becoming more capable of autonomous
functioning (Mosier & Fischer, 2012). Practitioners may bestow decision making authority
on automated aids as a means of efficiency given heavy workloads (Woods, 1996). This is
particularly concerning as technologies may advance to levels where supervising
interprofessional team members lack the degree of expertise to proficiently oversee their
functioning. This, along with the concern of automation bias make it important to identify
the role that information derived from technology plays in healthcare decisions.
Simulation in Healthcare Training
To better understand clinical decision making, context is important given the
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constraints that different practice environments place on the JDM process. This study
explored high risk, acute care scenarios where in addition to the stress that potential
outcomes place on decision making, time constraints and the ongoing analysis of competing
priorities are of particular concern. As simulation was used in this research project, literature
describing the use of simulation to replicate the naturalistic context of healthcare in general,
and acute care specifically is reviewed below.
Several factors have led to a considerable increase in the development and use of
simulation in healthcare education and training, including changing perspectives on
educational methodology, decreasing patient care opportunities, increased concern over
patient safety and significant advances in technology. While the Flexner Report (1910) may
represent that last monumental shift in medical education, innovative educational methods
have continued to address challenges to healthcare training and practice. One example was
the introduction of problem-based learning, a curriculum that “utilizes clinical cases to
stimulate inquiry, critical thinking and knowledge application/integration related to the
sciences (biological, behavioural and social) basic to medicine” (Neufeld, & Barrows, 1974;
Problem-based Learning, 2016). This methodology brought focus to both inquiry-based
learning and to learning within small groups, recognizing that more and more patient care
was being provided by healthcare teams. The use of high fidelity simulation (HFS) has
continued this move towards inquiry-based learning from a hands-on, experiential
perspective. Like PBL, HFS focuses on the learner’s ability to adapt to changing clinical
situations, apply critical thinking to dynamic situations, appreciate the perspectives of
others, engage in self-directed learning, and improve leadership and team communication
skills (Deckers, 2011).
Academic contact with patients has been reduced due to changes in admitting
practices and resident duty hours (Cooke, Irby, & O'Brien, 2010; Motola et al., 2013).
Changes to practice patterns has led to fewer patients being admitted to hospital, as well as
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shorter hospital stays. In addition, heightened concerns regarding patient safety led to a
restriction on resident duty hours (Philibert & Amis, 2011). These three factors, fewer
admissions, shorter stays, and reduced duty hours, have reduced the patient care experiences
for healthcare trainees. Less exposure and opportunities for first-hand experience is a
challenging combination in an industry where the complexity and information base is
rapidly expanding. HFS represents a major innovation to address these shortcomings in
healthcare training that came largely from the experiences and results in a similarly highrisk industry, aviation. Given that much of healthcare training rests on patient care
experiences, simulation is increasingly being used to accommodate for the reduction in realpatient experiences, both from an individual practitioner and team perspective (Ziv et al.,
2003).
Simulated learning experiences have been developed to improve individual and
team-based procedures, decision making, communication and coordination of care activities.
In explaining the rationale for using simulation to improve patient safety, Ziv et al. (2003)
wrote:
Medical training must at some point use live patients to hone the skills of health
professionals. But there is also an obligation to provide optimal treatment and to
ensure patients’ safety and well-being. Balancing these two needs represents a
fundamental ethical tension in medical education. Simulation-based learning can
help mitigate this tension by developing health professionals’ knowledge, skills, and
attitudes while protecting patients from unnecessary risk. (p. 783)
While the history of simulation in one form or another dates back centuries,
technological advances have more recently “made available affordable technologies that
permit the reproduction of clinical events with sufficient fidelity to permit the engagement
of learners in a realistic and meaningful way” (Bradley, 2006, p. 254). High fidelity human
patient simulators that in their most basic form date back to the 1950s, are now, “capable of
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recreating physical examination findings, including normal and abnormal heart and lung
sounds, pupil diameter, sweating, and cyanosis, as well as physiological changes, such as
changes in blood pressure, heart rate, and breathing” (Okuda, et al., 2009, p. 331).
Technology now offers simulation experiences for a wide range of healthcare professionals
and trainees at varying degrees of fidelity, but at a cost. Cook et al. (2013) found that while
many studies have shown improved outcomes from technology-enhanced simulation in
comparison to other instructional modalities, few studies report the costs involved, and they
may be substantial. Cook et al. (2013) called for future studies to include cost information
“including equipment, space, time, and salaries for development and maintenance, and
opportunity cost (i.e., what is replaced when simulation training is introduced?)” (p. 318) in
future comparative studies.
The Spectrum and Fidelity of Simulation
While the term simulation is frequently used in reference to high fidelity simulations
using technologically advanced human patient simulators, simulation in healthcare training
represents a method of training, rather than a technology (Gaba, 2004). The spectrum of
simulation methods includes, but is not limited to, computer-based simulations (e.g., virtual
patients), simulated/standardized patients, procedural simulation and simulated clinical
immersion (Chiniara, Cole, Brisbin, Huffman, Cragg, Lamacchia, & Norman, 2013). While
it is difficult to discuss simulation in healthcare without referring to fidelity, fidelity is a
term that is used inconsistently in the literature (Maran & Glavin, 2003). Maran and Glavin
(2003) described fidelity as “the extent to which the appearance and behaviour of the
simulator ⁄ simulation match the appearance and behaviour of the simulated system” (p. 23).
A simplistic, although useful distinction can be made between physical/engineering and
psychological/cognitive fidelity. The former refers to the extent to which the physical
characteristics of the device and/or environment replicate those characteristics of the real
task (Maran & Glavin, 2003). The latter characterizes the degree to which the simulated task
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“engages the trainee in the types of cognitive activities involved in the real-world task”
(Hochmitz &Yuviler-Gavish, 2011, p. 490), even if the physical activities involved differ.
High fidelity simulation (HFS) is a term also commonly used in the healthcare simulation
literature that typically refers to scenarios attempting to maximize both physical and
psychological fidelity (Gaba 2004; Issenberg et al., 2005). While increasing the fidelity of a
simulation activity is generally desirable, Chen, Grierson, and Norman (2015) cautioned that
increasing the authenticity of simulation increased the complexity which can lead to reduced
learning and variability in clinical presentation of cases. For the purposes of this study, the
term “simulation” refers to team and/or individual activities involving HFS.
Simulation for Performance Assessment
Team-based training programs in healthcare have increasingly involved simulation,
including those using event-based measures to, “observe team behaviors that have a low
frequency of occurrence in the normal operation of the team and therefore are difficult to
observe in a purely naturalistic setting” Salas et al., 2009, p. 358). While there is no shortage
of studies that highlight team performance improvements using simulation (Cook et al.,
2011; Cook et al., 2013; Issenberg, McGaghie, Petrusa, Gordon, & Scalese, 2005;
McGaghie, Issenberg, Petrusa, & Scalese, 2011, McGaghie et al., 2010), there are also
concerns that many of these studies may not be assessing team performance appropriately.
Most evaluations focus on individual skill demonstration, fidelity and authenticity, and team
performance against set expectations (Fenwick & Dahlgren, 2015). Artman and Garbis,
(1998) identified four fallacies associated with traditional approaches to team performance
assessment. First, the individualistic fallacy exists when performance is assessed on an
individual basis, despite a team activity. Second, the task performance fallacy exists when
team performance is measured against some set goals. The problem here is that a team
operating in a complex or dynamic system may arrive at the correct goals despite significant
disarray with regards to the communication and coordination that exists within. Third, the
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transfer fallacy highlights the difference between what is said, and how it is interpreted.
Simply assessing the content of a discussion does not indicate whether or not the
information that was intended to be communicated was done so effectively. What is needed,
the authors suggested is active interpretation, where sender and receiver confirm a mutual
understanding. Fourth, the artifact fallacy is the failure to consider the role that artifacts play
in the effective coordination and communication within teams. These concerns seem as
applicable to team-based simulation as in any other team related activities.
While some transferability of individual and team skills developed during simulation
activities to actual clinical practice has been reported (Kirkman, 2013; Kuduvalli, Parker,
Leuwer, & Guha, 2009), “only a few studies have shown direct improvements in clinical
outcomes from the use of simulation for training” (Okuda et al., 2009, p. 330). O'Flynn and
Shorten (2009) cautioned against the hurry to embrace technology-based simulation and
report concern about the transferability of simulation performance to clinical practice. “The
benefits may not be as clear when applied to’ real world’ clinical problems, which require
integration of input from many different sources (e.g. the trauma patient is wheeled into a
busy resuscitation room)” (p. 94). Consistent with this concern, a recent review of the
literature that reported positive outcomes in the use of simulation to train interprofessional
and interdisciplinary teams in crisis resource management, also cautioned that more research
is required to demonstrate the transfer of learning from such training to the actual practice of
patient care and to patient care outcomes (Fung et al., 2015).
Another area overlooked in many conventional simulation activities and research
studies are the non-technical skills involved in teamwork (Sharma, Boet, Kitto, & Reeves,
2011). These skills, such as communicating, collaborating, and negotiating, are essential to
optimal interprofessional healthcare team patient care. Sharma et al. (2011) reported that
including such social fidelity into team training and assessment activities will enhance both
the learning involved and the transferability to actual clinical practice environments.
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These concerns suggest that the current methods for the development and assessment
of simulation activities may suffer from the same linearity and fallacies inherent in the
evaluation of clinical practice that Lindberg, Hatch, Mohl, Arce, & Ciemins (2013) and
Arteman and Garbis (1998) reported, respectively.
An increasing concern with regards to simulation use is that of psychological safety.
Turner and Harder (2018) report three essential components regarding psychological safety
for learners in a simulation environment: “1) ability to make mistakes without
consequences; 2) the qualities of the facilitator and; 3) foundational activities such as
orientation, preparation, and objectives and expectations” (p. 47). Ensuring these
components can reduce unnecessary stress and promote learning, especially in
interprofessional teams.
Distributed Cognition
Given the complexities and challenges involved in healthcare delivery, a distributed
cognition framework has been recommended for studying decision making in such
collaborative environments (Gore, Banks, Millward, & Kyriakidou, 2006; Salomon, 1993).
Distributed cognition (DC) offers an alternative to traditional approaches for the evaluation
and development of healthcare systems (Zhang, Nersessian, Newstetter, Patel, & Xiao, n.d.).
Parchoma (2015) described DC as a “way of thinking about cognitions as being distributed
across the human brain and body, communications among individuals, and interactions with
others and artifacts in external social and physical environments” (p. 234). Zhang et al.
(n.d.) described DC as providing “a unique framework to describe the dynamics,
interactions, processes, and knowledge structures critical to cognitive tasks in healthcare
environment” (p. 1). Hazlehurst et al. (2008) described how a focus on individualistic
cognitive models, “conflates the processing performed within the minds of individual
human agents with the processing performed by a distributed activity system in which these
individuals are embedded” (p. 226). Left unexplored is the fundamental capacity of human
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actors to exchange information, leverage artifacts, communications, technology and other
elements in their environments, all of which must be considered to truly understand the
complexity of patient care. According to Hazlehurst (2015), “distributed cognition is a
theory of human cognition that describes how information processing is distributed across
people and their workplace (situated teams), their technologies (tools), and their social
organisation and its influences through time (culture)” (p. 755). Apparent from these
descriptions is the expansion of the concept of cognition beyond the mind of the individual
to include not just other individuals, but resources and environments as well.
The unit of analysis from a DC perspective shifts from the individual mind to the
cognitive activities or functional system under study (Hazlehurst, McMullen, & Gorman,
2007; Lin, Chaboyer, &Wallis, 2014; Zhang et al., n.d.). Parchoma (2015) described this as
a “shift in focus (unit of analysis) from conceptualizing cognitions as events that occur
within an individual learner to conceptualizing cognitions as occurring across broader
social, technical, and material contexts” (p. 234). This re-conceptualization allows for the
examination of cognition within the context of real world settings (Lin et al., 2014).
Theoretical Foundations of Distributed Cognition
Descriptions of distributed cognition date back to Hugo Münsterberg (1914), who
described how artifacts such as newspapers, books, and letters could influence the thoughts
and actions of social groups through their contributions to human communication and
understanding of documented events (Parchoma, 2015). In the same era, Vygotsky (1929)
and Leont’ev (1932) posited that humans do not directly interact with objects in their
environment, but rather such interactions are mediated by cultural and social experiences,
tools and signs (i.e. artifacts). This insight resulted in Vygotsky’s activity theory,
conceptually represented by a tripartite diagram (see Figure 3).
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Figure 3. Activity theory. Adapted from “A cultural-historical approach to
distributed cognition (p. 5), by M. Cole and Y. Engeström. In G. Salomon (Ed.), 1993,
Distributed cognitions: Psychological and educational considerations (pp. 1-46).
Cambridge, UK: Cambridge University Press [used with permission].
Leont’ev (1978) furthered this work with a second generation of activity theory
consisting of three levels of activity:
The uppermost level of collective activity is driven by an object-related motive; the
middle level of individual (or group) action is driven by a conscious goal; and the
bottom level of automatic operations is driven by the conditions and tools of the
action at hand. (CRADLE, n.d.)
Working in the field of education, John Dewey (1938) argued that an individual’s
experiences were distributed longitudinally and laterally through history and social
connections respectively and that such distribution was supported by material artifacts. In
other words, cognition is shaped by experiences that are in turn shaped by past experiences
(personal and others), as well as social interactions. Engeström’s (1987) theoretical
progression of the concepts of distributed cognition resulted in an expansion of activity
theory to include community (other people), social rules, and the division of labor,
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graphically represented in figure 4.

Figure 4. The basic mediational triangle. Adapted from “A cultural-historical
approach to distributed cognition (p. 8), by M. Cole and Y. Engeström. In G. Salomon (Ed.),
1993, Distributed cognitions: Psychological and educational considerations (pp. 1-46).
Cambridge, UK: Cambridge University Press [used with permission].
Confluent throughout this history of distributed cognition is the influence that social
interactions and environments, as well as material items (i.e. artifacts) and their affordances
have on the creation, development, and dissemination of knowledge. This sociomateriality
perspective, however, is not simply the contributions, but also the transformations that occur
as “objects and humans act upon one another in ways that mutually transform their
characteristics and activity” (Fenwick, 2014, p. 44). Fenwick and Dahlgren (2015) described
how material items (i.e. artifacts) are a dynamic part of the system and enmesh with humans
in activities. The emphasis then, is not only on the individuals involved, but also the
interactions and exchanges that occur between individuals and between individuals and
artifacts. The system overall is dynamic as the players change and the interactions and
exchanges amongst human and non-human elements progress in unpredictable ways. A
sociomateriality perspective of interprofessional healthcare teams emphasizes how material
items become integrated in the learning and practice of team-based patient care. DC
provides a framework to probe sociomateriality as it expands the concept of cognition to
include the spectrum of interactions and contributions made by humans, artifacts and the
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environment.
Two principles that contribute to the theoretical foundation of distributed cognition
(DC) are: 1) the boundaries of cognition extend beyond the individual mind to include
interactions between individuals and with supportive artifacts; and 2) the mechanisms
involved in cognitive processes extend beyond the symbolic manipulation occurring within
the individual actor (Cohen et al., 2006; Rajkomar & Blandford, 2011). This distributed
perspective of cognition need not be considered in opposition to the individualistic concept
of cognition, but rather as complementary to it (Mann, 2011; Salomon, n.d.). Salomon
(1993) described a dynamic interactional state that exists between cognition that occurs
within the individual and that which is distributed amongst interacting individuals, artifacts
and environments. Similarly, in her discussion of the complementarity of individual and
social learning, Mann (2011) noted that “the individual learner brings his or her personal
knowledge, skills, attributes and previous experience, and learns and interacts dynamically
with all others in the setting, including teachers, patients, peers and colleagues, and with
other contextual influences” (p. 65). Further, these contextual influences that contribute to
cognition need not be human.
The boundaries that define cognition is extended further by other social learning
theories, such as the expansion of what is considered to be actors beyond humans to include
objects/artifacts and concepts/symbols (Bleakley, 2012; Booth, Andrusyszyn, Iwasiw,
Donnelle, & Compeau, 2016). In explaining the Actor-Network-Theory (ANT), Bleakley
(2012) suggested that laws and policies are examples of concepts and symbols in everyday
life that can assume the role of actor as they may gain the autonomy that allows them to act
independently of their authors. He offered medical instruments and drugs in the operating
room that afford the anesthesiologists surrogate bodily functions and should therefore be
considered as offering some form of agency as examples of clinically related artifact-based
actors. Fenwick and Dahlgren (2015) noted that socio-material perspectives provide
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valuable insight into team activities by ensuring that human activities do not overshadow the
setting and supportive material and environment, and making “visible the materiality of
simulation settings and the different forms of ‘reality’ – imagined, material, virtual – at
work in simulation exercises” (p. 366). ANT shifts the focus of researching learning from
the learners to the setting in which the learning takes place (Nestel et al., 2016). While ANT
and other social learning theories have been explored in healthcare training and practice, this
research project will focus on DC.
Artifacts and Affordances
With the incredible pace of technological advancement, the role that artifacts play in
supporting patient care has increased in frequency and complexity. But it is not simply the
addition of a technology, but rather what happens when humans and technology interact, as
the “generative power can neither be attributed to the tool or its users but arises from their
inter-relationship in action” (Allen, 2012, p. 462). This brings into question the differences
between the design of the technology and its use by practitioners. As noted above, a
mismatch between the design and use of the technology, or the complexity of the
technology and the expertise of the practitioner can lead to decreased performance and
safety concerns (Fackler et al., 2009; Gawande & Bates, 2000a; Vincente, 2003; Wears &
Berg, 2005).
Affordances are the opportunities that material objects offer in assisting humans in
their daily tasks (Gibson, 1979). From a healthcare perspective this includes the
opportunities that technologies and artifacts offer practitioners in achieving their patient care
goals (Hutchby, 2001). The affordances of a single technology or artifact may differ from
situation to situation, as well as from user to user and the intended use or functionality of the
technology may not always match its actual use. This mismatch is unrelated to the relative
complexity of the technology, as simple technologies such as patient charts, care pathways,
and patient information boards can also lead to unintended use or misuse (Allen, 2012). In
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discussing the importance of context in the success of healthcare quality improvement
initiatives, Allen (2012) argued that it is important to understand “the socio-material
infrastructural features of the locally situated work organisation, coupled with an
understanding of the affordances of the intervention in order to decide how these might be
reciprocally modified to positive effect for different purposes” (p. 474). DC provides the
opportunity to contrast intended and actual use of in clinical activities, as well as, how the
information derived contributes to team decisions and performance.
Distributed Cognition and Artifacts
Lin, Chaboyer, and Wallis (2014) used a DC framework to examine patient safety
issues involved in discharges from the ICU. DC allowed them to explore the use of
cognitive artifacts and to identify how some artifacts (e.g., the ICU discharge summary and
bed management computer program) were not being used effectively (Lin et al., 2014).
They were also able to study an artifact’s usefulness by examining how, and how often,
actors interacted with it, and concluded that historical use of artifacts may influence future
use and ultimately affect overall outcomes (Lin et al., 2014). This indicates full assessment
of the effects of an artifact on JDM requires the study of both its frequency and
appropriateness of use, as well as the interpretation of the information provided. The
information available from artifacts is only useful to the healthcare team (and hence the
patient) if the information is recognized and appropriately applied to the patient case.
Nemeth et al. (2006) explored the use of artifacts to highlight cognitive work in the
complex setting of hospital operating rooms. These researchers found that the “analysis of
cognitive artifacts … and their use can reveal individual and group cognitive work,
including strategies that anesthetic coordinators employ and the distributed cognition… that
is necessary to enact them” (Nemeth et al., 2006, p. 1012). They also reported the results of
such studies can help guide the development of future information technology to support
these activities. In a related study, Nemeth, O'Connor, Klock and Cook (2005) used a DC
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framework to examine how information regarding clinical planning and management was
captured, used, and shared among team members at the level of the clinical unit. They
concluded that:
The study of cognitive artifacts can identify critical features of the acute care work
domain and the deep structure of individual and team cognition, reveal the nature of
artifacts, show these artifacts’ role as a part of the team’s distributed cognition, and
suggest opportunities for the development of computer supported artifacts. (p. 279)
Wilson, Galliers, and Fone (2007) used DC to examine cognitive artifacts that
support patient handovers and gained insight into the process and potential problems that
could not have been identified using traditional evaluation techniques. This methodology
allowed them to explore the cognition of the system and its goals that extended beyond the
goals of the individuals involved (Wilson et al., 2007).
Cohen et al. (2006) used DC to derive a model for the functioning of the chaotic
setting of a psychiatric emergency room (PED), with the intention of characterizing the
cognition that underlies patient care and aspects of a distributed cognitive system that may
contribute to error. In approaching a method for addressing this challenge, they noted that,
“the theoretical framework of distributed cognition has been used to study collaborative
decision making in a number of similarly complex environments such as airline cockpits
and air traffic control towers” (Cohen et al., 2006, p. 73). In exploring the range of
representations that contribute to cognitive processes, Cohen et al. (2006) described how
external artifacts such as a department whiteboard in the PED provide essential information,
(e.g., patient demographics, diagnoses, investigation status, etc.) that support clinical
decision making. They noted however that “it is combination of the succinct information on
the whiteboard (external representations) and details in the minds of various team members
(internal representations) that drives the decision making process” (p. 75).
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Interest in Distributed Cognition
There has been considerable interest in distributed cognition and its many
applications. Cole and Engeström (1993) explained the rise in popularity of DC is, “because
of the widespread belief that the positivistically-oriented social sciences, with their notion of
cognition firmly located inside the individual, are inadequate for the task of grasping the
essential nature of human experience and behavior” (p. 42-43). Salomon (1993) added that
the increasingly important role that technology plays in supporting intellectual tasks has also
contributed to the growing interest in DC. For these reasons, as researchers explore methods
to better understand and improve clinical practice, a DC theoretical framework has been
increasingly used to assess and describe many aspects of healthcare delivery (Hazlehurst,
2015).
The concept of extending the view of cognition beyond the mind of the individual
practitioner is relatively new in healthcare literature. Christensen and Larson (1993)
described how, a long history of collaborative decision making in healthcare practice, little
research has explored its facets and advantages. While their investigations were limited to
the interdependence of human actors, there is good evidence that the social, material, and
technical environment should also be taken into consideration when contemplating
cognition (Bleakley, 2006; Hazelhurst 2015; Hutchins & Klausen, 1996; Pimmer, Pachler,
& Genewein, 2013).
Distributed Cognition in Healthcare
Hutchins and Klausen (1996) provided a short case highlighting activities that
occurred within an airline cockpit simulator, involving three flight crew members. Through
their descriptions, the importance of human actors, their interactions with each other, and
their interaction with the supportive technology of the cockpit and associated
communication networks, indicate the role that each component has in creating a competent
system of practice. Hutchins and Klausen (1996) highlighted how the various levels of
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representations of data that are available from such a simulation (e.g. audiovisual recording,
written transcripts, actions, and interpretations of activities) and how each, while
incomplete, offers a unique richness to understanding the flow of information and the
knowledge that is generated. The opportunity to gather data of this quality and do so in
controlled environments without harm to the flying public has led to simulation having an
essential role in the initial and ongoing training of flight crews. This has contributed to the
aviation industry setting an almost impossible safety standard for other industries to match
(Hudson, 2003).
Pimmer et al. (2013) provided a similar case-based approach to exploring DC in
healthcare education. The scenario they describe involves the interactions of a medical
student, resident, and attending physician reviewing the case of a patient who presents to the
emergency room with knee pain sustained playing soccer. While the case covers the facts of
the emergency room (ER) visit, it concentrates on the interactions between the human
actors, the technology available to them and the supportive environment of the ER. The
focus of the Pimmer et al. (2013) report regarding DC was on multimodal representations:
DC explains how cognition in the form of different representations is socially,
bodily, and artifactually distributed--in our example, patient-related information is
distributed (and thereby transformed) by oral language (speech), gestures (pointing),
and written and visual representations in the electronic/physical settings of the
computer (documented anamnesis, x-ray) across different actors (patient, doctors,
student). (p. 1240)
These multimodal representations are interwoven throughout the interactions and
both support and build on each other. An example in the case provided is when the attending
physician uses speech, facial expressions, refers to points on the x-ray, positions and moves
his own limb in reference to the explanation of injury provided by the medical student (from
her interaction with the patient), all in an integrated manner to add to the context of his
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concerns regarding the patient’s condition. All of these modes of representation blend
together to create a rich learning environment. Pimmer et al. (2013) noted that these
representations cannot be prioritized, as doing so would lose focus on the complexity and
integrated nature of the exchange. In essence, doing so would lose the richness of the
experience.
Pimmer et al. (2013) described how the teaching in this case was not simply
knowledge that was passed down from the mind of the attending physician to the mind of
the resident and finally to the mind of the medical student. Rather, the knowledge and
learning involved in the case was “co-constructed by all participants, each contributing to
different representations in a “highly interactive, cohesive, and self-referential format” (p.
1241). In so doing, the human actors help create a participatory framework for learning
(Goodwin, 2007; Pimmer et al., 2013). This exchange between team members and the
involvement of supportive artifacts provides an opportunity for the learners (at all levels) to
reflect on the uncertainty that is a backdrop for many healthcare decisions (Hall, 2002).
Another important aspect highlighted in this scenario is that of redundancy. As in
Hutchins and Klausen’s (1996) cockpit example, information in the ER is available, flows to
and from, and is exchanged by multiple actors and artifacts. When the attending physician
speaks to the medical student, the resident who is nearby also hears the information and
stores it. Therefore, if the medical student subsequently forgets this information, the resident
is another source she can turn to (rather than bothering the attending physician). This type of
redundancy can be seen in x-rays, patient charts, other healthcare professionals on the team,
and include the patient. This redundancy maintains relevant information in the environment
of the student that supports and augments her learning. The ramifications for improving
patient safety due to redundancy of this nature is also apparent.
Gilardi et al. (2014) also described the value of distributed cognition framework in
exploring patient safety concerns in critical care settings, where the flow and condition of
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patients is dynamic, the exchange of information frenetic, and the care of patients often
involving many professionals and considerable supportive artifacts. The authors describe the
distribution of cognitive work between team members, concluding that cognitive outcomes
in a critical care setting such as the ER are “properties of a distributed cognitive system
across the minds of the clinical team members and across technological artifacts” (Gilardi et
al., 2014, p. 1299), and that studying these aspects of collaborative work can help identify
breakdown in information flows due to “situated failures in the distribution of cognitive
work” (p. 1307).
Distributed Cognition in Healthcare Education and Training
The emphasis on experiential learning and reflective practice highlight the
interdependence of healthcare education, training, and practice (Mann, 2011). Mann (2011)
described how the clinical workplace provides human interactions, social context, and
artifacts for team members to both perform and learn. This informal aspect of learning
(Billett, 2004), complements the formal learning that occurs in healthcare professions
schools and post-graduate training programs, a process that is increasingly incorporating
contextual aspects of the healthcare practices (Cooke, Irby, Sullivan, & Ludmerer, 2006).
Like the apprenticeship model upon which much of healthcare education is based, the line
between the training and practice, or between formal and informal learning is becoming
increasingly blurred. As such, the expanded perspective that DC offers also has applications
to formal healthcare education as Hazlehurst (2015) explained:
The theory of distributed cognition has practical applications for how we teach the
next generation of clinicians. It guides us toward curricula that investigate and teach
about the nature of distributed action (including collaboration and teamwork) and the
cognitive functions of tools and structured environments for achieving optimal
patient care. Clinicians’ responsibilities increasingly require them to have skills to
effectively manage information through communication, situation awareness and
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reasoning about complex sequences of events involving the diverse array of actors
who touch the patient. (p. 756)
Methodology for Analyzing Healthcare Systems and Design
Noting the lack of methodology for the use of DC in analyzing complex systems,
Blandford and Furniss (Blandford & Furniss, 2006; Furniss & Blandford, 2006) developed a
distributed cognition for teamworking systems (DiCoT), a series of models to help structure
DC-based analysis. The initial models included: a physical layout model that evaluated how
the physical structures of a system/environment supported communication and use of
artifacts; an information flow model that analyzed both the flow and type of communication
within the system; and an artifacts model that studied how artifacts were created and used to
support decision making (Furniss & Blandford, 2006). These authors proposed that DiCoT
provides a structure to “evaluate what was done well, what was not, and what needed to be
included to make the method work practically” (Furniss & Blandford, 2006, p. 31). In this
way, DiCoT could be used to not only identify the strengths and weakness of complex
systems, but also to develop and evaluate improvement proposals.
Rajkomar and Blandford (2011) expanded the DiCoT models to include a social
structure model to explore how cognition is socially distributed, and a systems evolution
model to help “understand why work is arranged in a particular way” (p. 342). Noting that
DC had been successfully applied to the evaluation of multiple areas of healthcare,
Rajkomar and Blandford (2011) used it to examine the communication and coordination
within an emergency medical dispatch center. In regard to the relevance of DC in the
healthcare context, they found the following:
•

The social structure model identified how the overlap of personal responsibilities
and collaborative problem-solving contributed to achieving overall system goals;

•

The physical layout model examined how the physical environment influenced
the propagation of information through the system, how artifacts were accessed,
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and the situational awareness of team members;
•

The artifact model revealed how artifacts serve important roles in supporting and
coordinating tasks as representations of information resources.

While most studies (e.g., Fioratou et al., 2010; Gilardi, Guglielmetti, & Pravettoni,
2014; Hazlehurst et al., 2011; Lin et al., 2014; Rajkomar & Blandford, 2011) regarding DC
in healthcare have focused on the evaluation of current practice, a distributed cognition
framework has also been proposed for the design and evaluation of new programs and
supportive technologies or improvements to existing ones (Blandford & Furniss, 2006;
Cohen et al., 2006; Furniss & Blandford, 2006). As mentioned, Blandford and Furniss
(2006) demonstrated how DiCoT could be used to support the design and re-design of
complex systems in relation to communication with, and coordination of, ambulance crews.
Cohen et al. (2006) summarized the advantages that DC offers in exploring the complex
nature of clinical practice and the potential for improvements as follows: “Rather than
isolated individual intelligence, it is the distribution of intelligence across team members
and artifacts that will reveal opportunities for the design of contextually relevant
technology" (p. 74).
Team and Distributed Situation Awareness
Boreham et al. (2000) in a study of critical incidents in emergency departments,
found that many risky situations were not the result of deficient individual knowledge or
skills, but rather due to a lack of collective understanding of how individuals needed to
interact. “When professional activity is collective, the amount of knowledge available in a
clinical unit cannot be measured by the sum total of the knowledge possessed by its
individual members” (Boreham, 2000, p.505). Zhang et al. (n.d.) argued that errors resulting
from a lack of collective understanding stem from the cognitive inability of humans to adapt
to the complexity of their physical, social and cultural environments. Scardamalia (2002)
described how it is the collective cognitive responsibility that provides expert medical,
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flight, and sports teams the flexibility to succeed despite complexity and unexpected
complications. These studies have noted that greater understanding of how healthcare
professionals working together share knowledge and decision making may help appreciate
the uncertainties and complexities involved in patient care environments. Research to gain
such understanding needs to take into consideration the complexities involved when
humans, artifacts, and environments interact.
While agreeing that the majority of healthcare education was predicated on the
concept of individualized cognition (i.e. knowledge possessed by the individual), Boreham
(2000) reported on research in the field of organizational epistemology that argues for an
alternative view in which knowledge is collective, possessed instead by working groups as
well as the individuals who comprise them. This description followed how flight crews on
aircraft carriers developed an awareness that guided their activity; a knowledge that ceased
after dispersal of the team. A similar awareness, achieved through the collaborative work of
healthcare professionals, was recognized by Boreham (2000), where rather than arriving at
individual decisions as practitioners would in isolation, people working in teams instead
arrive at pre-decisions that are then pooled with the perceptions of colleagues. From this
comes decisions that can represent more than the contributions of any particular participant.
This supports the concept that teams working within supportive environments develop
something Pimmer et al. (2013) referred to as intersubjective understanding of
representations that are essentially shared meanings that have been co-constructed by the
team. This concept is similar to those of shared cognition (Mosier & Fischer, 2012) and
team situation awareness (Endsley, 1995) mentioned above. The specific meanings may be
unique to the team and may be used as a daily resource for information gathering,
knowledge creation and decision making.
Hazlehurst, McMullen, and Gorman (2007) used DC to explore situational
awareness during cardiac bypass and identified six types of interactions between team
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members that contributed to robust system performance. In so doing, Hazlehurst et al.
(2007) reported that the DC framework allowed for the simultaneous consideration of the
diverse mechanisms and media involved in supporting information-processing and decision
making. Hazlehurst et al. (2003) studied the “role that local representations of information
play in the social, cognitive, organizational, and technological processes that accomplish
task work” (p. 284).
In their examination of critical incidents in two medical emergency departments,
Boreham et al. (2000) found that the real-life functioning differed considerably from their
organizational description. Boreham et al. (2000) used Engestrom’s (1993) description of
the division of labor, where tasks are divided horizontally among community members, and
power and status is divided vertically, to discuss breakdowns in communication between
care-givers from different professions or departments. Boreham et al. (2000) noted that the
healthcare workforce has a long history of fragmented, self-governing professions, each
claiming the right to specific health care interventions. With this in mind, Boreham et al.
(2000) analyzed seven critical incidents characterized as arising from the division of labor
and found that the divisions between professions and the divisions between status within
professions contributed to the communication errors leading to the critical incidents.
Boreham et al. (2000) described the conflict between the organizational division of labor
and the need for flexibility in the ED, a flexibility that would benefit from the recognition of
‘ground knowledge’ or ‘sapiential authority’, where members with lengthy experience or
privileged access to information have the opportunity to contribute to patient care decisions
and delivery to a greater extent than traditionally given by their profession and/or status
within that profession.
The discrepancy between the division of labor and the reality of ED practice is borne
out in the ways in which competence is defined (Boreham et al., 2000). The traditional
approach, based on the formal organization of the health care system, views competence
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from the perspective of the individual, a view supported by the evaluation, licensing, and
accreditation that occurs through professional bodies, even when such competencies focus
on the ability to work within a team or community environment (ACGME Core
Competencies, n.d.; Boreham et al., 2000). It has been argued that recognition of collective
competence, as has been documented in research from other hazardous industries, may
“improve the performance of the ED, but it cannot deal with the risks arising from the
fundamental contradiction in the way these departments are staffed” (Boreham et al., 2000,
p. 90). DC provides a perspective that allows the examination of collective competence,
team situation assessment and coordinated task performance.
Team situation awareness (TSA) is “the degree to which every team member
possesses the SA required for his or her responsibilities” (Endsley, 1995, p. 39) and depends
on team members’ individual SA, shared cognition and effective team communication
(Mackintosh, Berridge, & Freeth, 2009; Mosier & Fischer, 2010). This emphasizes the need
for team members to have a clear understanding of their own roles and responsibilities, as
well as awareness of their surroundings and information available from supportive
technologies and other artifacts as appropriate (Mackintosh et al., 2009). While there has
been a positive correlation shown between TSA and team performance (Leonard et al.,
2004), research on TSA has primarily focused on the contribution of individuals’ SA and
the communication between team members with little emphasis on the processes and
artifacts that support the development and maintenance of TSA (Mackintosh et al., 2009).
Situation awareness from a distributed cognition perspective was reported by
Artman and Garbis (1998b), in which they suggest the concept of situation awareness as
described by Endsley (1988) treats the phenomenon from an individualistic perspective,
whereas dynamic decision making in complex environments are more commonly
undertaken by teams. They noted the importance of recognizing that different team members
have different domain knowledge, experiences and skills and that these must be taken into
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account to fully understand complex situations. Artifacts were described as integral parts of
the whole cognitive system that serve as “cognitive catalyzers” (Artman & Garbis, 1998b, p.
5) as they contain essential but insufficient information, thus requiring interpretation from
team members.
Stanton et al. (2006) similarly expanded upon the concept of situation awareness
(Endsley, 1988) by describing distributed situation awareness (DSA) in which the sociotechnical systems is the unit of analysis. Like distributed cognition, DSA focuses on the
interactions not only between human actors, but also between human actors and artifacts.
Stanton (2016) described complex systems where it was not possible for any one person to
know, or remember all the information necessary for overall understanding of the situation:
“It does not matter if the individual human agents do not know everything (indeed, it would
be impossible for them to), provided that the system has the information, which enables the
system to perform effectively” (p.2). In these circumstances, where the information resides
(human agent or artifact) is not important as long as the information is made available at the
right time to the right agent. In describing DSA from an anesthetist’s perspective, Fioratou,
Flin, Glavin, and Patey (2010) emphasized the continuous interactions between human
agents and technological artifacts in the monitoring of actively changing clinical situation.
They reported that a distributed system, “can have cognitive properties that differ radically
from the cognitive properties of its individual components (p. 84) and that interactions
between components are necessary to gain a coherent picture of the emerging situation.
Distributed Cognition and Simulation
While at the time of writing this dissertation, a literature search did not identify
articles that had examined the use of simulation in healthcare training from a DC
perspective, studies using similar sociocultural frameworks support its use. Eppich and
Cheng (2015) explored simulation debriefing from a cultural-historical activity theory
(CHAT) lens. Using activity systems to identify and question individual and team activities
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and resources during healthcare team simulations, they provided a series of questions that
could be employed to gain greater understanding regarding the complexity of team
performance (Eppich & Cheng, 2015).
Fenwick and Dahlgren (2015) described how complexity theory, a sociomaterial
theory, applies to the study of simulation. They argued that most simulation research
focuses on fidelity and authenticity and on the demonstration of clinical procedural skills.
As such these studies fail to explore how, “professional learning is embodied, relational and
situated in social-material relations” and to prepare students for the “unpredictable and
dynamic ambiguity of professional practice” (p. 359). It is the complexity of the actual
practice of healthcare, filled with interruptions, unexpected turns and uncertainty that is
missed here. Real-life in clinical practice is not organized in the same linear, cause-andeffect manner in which much of the healthcare training curricula are developed and
implemented (Fenwick & Dahlgren, 2015). Introducing this unpredictable context into the
training design is important as “the goal should be to help learners appreciate complexity
and diversity so that they come to understand the practice they seek to take part in”
(Martimianakis & Albert, 2013, p. 3).
Simulation provides the opportunity to develop complex scenarios, without clear
investigative or diagnostic answers, allowing learners to gain greater familiarity with
complexity and uncertainty (Fenwick & Dahlgren, 2015). These scenarios offer learners rich
opportunities to “experiment by embedding different kinds of multiple feedback loops,
highlighting different action possibilities through interruptions, stopping, reversing roles,
and mostly by allowing students more attempts to practise and even to ‘tinker’ than simply
to perform mastery” (Fenwick & Dahlgren, 2015, p. 366). But just as traditional linear
methods of analysis used to understand healthcare practice have difficulty dealing with the
uncertainty and complexity of actual clinical scenarios, the use of such linear methods in
attempting to understand learning in a complex simulation environment are likely to share
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the same fate. In other words, there may be a mismatch when using linear evaluation
methods to study non-linear, complex simulation activities.
Parchoma, Zenios, and Shahoumian (2012) studied simulation in healthcare training
from a networked learning theory perspective, one that shares interest in the, “inter-linkages
among learners, tutors, and learning resources” (p. 1882), with DC. These researchers
examined the interactions between learners and high fidelity simulators, as well as how
policies can affect educational opportunities. Given the increased use and relative success of
DC frameworks in characterizing current clinical practice patterns and settings, and the
increased reliance on simulation for the purposes of educating and training both current and
future healthcare professionals, DC is an appropriate lens through which to explore the
complexities available within HFS training scenarios. Fenwick and Dahlgren (2015)
summarize the value of using theoretical frameworks like DC for examining simulation as
follows: “socio-material perspectives help to make visible the materiality of simulation
settings and the different forms of ‘reality’ – imagined, material, virtual – at work in
simulation exercises” (p. 366).
Figure 5 represents a conceptual map of interprofessional healthcare team decision
making from a DC perspective. The interdisciplinary nature of the team members is denoted
by the different colors of the circles that represent individual team members. The overlap
between team members indicates the communication and exchanges that take place between
team members. The central circle is larger than the others indicating it as the team leader,
while the multi-colored bars within the leader circle indicates that teams may have a
dedicated team leader or a shared leadership model in which leadership shifts between team
members depending on the expertise required at any particular time. The central arrow
indicates decisions that are made, often by the team leader, but also by other team members,
as indicated by the three arms on the left side of the arrow. All aspects of the arrow are
bidirectional characterizing the feedback that team members receive from the outcomes
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resulting from the decisions.
Conceptual Framework of Interprofessional Team Decision Making

Environment

Technology/
Artifacts

Decisions

Team Members

(Interdependent)

Figure 5. Interprofessional team decision making from a distributed cognition perspective
The interdependent nature of the decisions that are made in a high risk, dynamic
clinical situation is represented by decision diamonds that overlap and interact in a dynamic
manner. Each decision might alter the soundness or options of subsequent decision choices.
Technology and other supportive artifacts provide information to members of the team but
may also be adjusted or revised due to changing clinical circumstance (vertical bidirectional
arrow). With advances in technology to aid in patient monitoring, technology/artifacts may
also contribute to the decisions directly and may self-adjust based on outcomes
(bidirectional broken arrow). Finally, that entire situation is under the cultural, multiprofessional and institutional influences of the surrounding environment (large rounded
rectangle).
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Positioning of the Study
Two aspects of interprofessional healthcare teamwork that have not been adequately
investigated include the processes involved in team decision making and the socio-material
contributions to such teamwork. Patel et al. (2002) reported that greater understanding of
optimal decision making in complex environment, under suboptimal conditions will be
furthered by expanding the scope of decision making research. Driskell (1999) emphasized
the potential negative effect that stress can have on team performance and noted the lack of
research literature addressing the effects of stress on team decision making. Mosier and
Fischer (2010) indicated that greater research efforts are needed regarding how team
members share their knowledge, observations and situation awareness to create a coherent
situation model from which to make decisions and how team members can reach consensus
when disagreements exist.
From the sociomateriality perspective, Fenwick and Dahlgren (2015) reported that
greater understanding is needed with regards to how “different elements act on one another
to affect what happens, and how… these different interactions produce particular kinds of
knowledge?” (p.361). Sociomaterial aspects of organizational life are underappreciated
(Orlikowski, 2007), and when explored, tend to be explored at a macro-level (Allen, 2012).
More research is needed to explore the “local socio-material infrastructure” including the
affordances that artifacts provide as well as those that are actually used in practice (Allen,
2012, p. 461). Greater understanding of both the generative potential and the unintended
consequences of artifacts are needed.
Chapter Summary
Medical errors are a growing concern given the complexity of medical care and the
communication challenges that interprofessional teams have in delivering coordinated
patient care. Decision making within teams is complicated and affected by professional
differences, levels of experience, leadership styles, as well as, the context and urgency of
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care. Advances in technology and healthcare facilities have shifted responsibilities in hybrid
ecologies such that healthcare practitioners have developed a growing reliance on
technology in assisting in providing information and decision options. Distributed cognition
provides a method for incorporating the contributions of mediating artifacts and the physical
environment in which care takes place into the cognitive processes that lead to patient care
decision but has not been used to study the processes and effectiveness of interprofessional
healthcare team decisions in acute care situations.
My research was designed to explore knowledge development and decision making
in interprofessional healthcare teams from a socio-cultural perspective; one that includes the
contributions of mediating artifacts and supportive clinical environments. The research
studied interprofessional healthcare teams training in a simulation environment, dealing
with a potentially lethal healthcare condition, a circumstance in which poor communication
and decision making have historically resulted in catastrophic errors. As distributed
cognition has been shown to be an effective theoretical framework in addressing the
complexities involved in other aspects of patient care, it represents a promising opportunity
increasing understanding of the complexities of interprofessional teamwork in critical care
situations.
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CHAPTER THREE: RESEARCH DESIGN
This chapter begins by providing a rationale for the use of qualitative research
approach and the application of case study methodology. This is followed by a description
of the research sample and data sources. Data collection and analysis methods are then
presented, followed by ethical considerations. Issues of trustworthiness, including
credibility, dependability, and transferability are then discussed followed by descriptions of
limitations and delimitations.
Case Study Methodology
Qualitative Inquiry
The choice of the research methodology was largely dependent on the topic area and
the associated research question(s). Considerable research had explored multidisciplinary
team-based training and practice, but this had largely been outcomes-focused and
quantitative in nature. Sala and colleagues argued that “most quantitative evaluations of
training do not offer any insight into the actual reasons why, how, and when team training is
effective” (Salas, DiazGranados, Weaver, & King, 2008, p. 1002). In essence, the what had
been examined, but not the why or how. Qualitative research explores the underlying nature
of the problem and the processes that result in outcomes, rather than simply the accounting
for, or describing, the outcomes alone (Baskarada, 2014; Hayes and Singh (2011).
The spectrum of case study.
Case study is one of the most frequently used qualitative research methodologies, yet
rather than a single investigative approach, case study methodology represents a spectrum of
approaches that can differ with regards to the ontological and epistemological perspective,
the definition of what constitutes a “case”, and the study design. Yin (2013) employed case
study methodology from a positivistic perspective, seeking to “establish facts” and focusing
on “objectivity, validity, and generalizability” (Yazan, 2015). Stake (Stake, 1995) on the
other hand took a constructivist approach to case study, recognizing that rather than being
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discovered, knowledge is constructed by individuals. As such, multiple perspectives or
views are likely present in any case, without there being any singular “best” view (Stake,
1995; Yazan, 2015). Similarly, Merriam andTisdell (2015) held that reality is socially
constructed and therefore that there is “no single, observable reality” (p. 9), but rather that
multiple realities regarding a single event or phenomenon co-exist. Yazan (2015) noted that
researchers from this perspective are primarily interest in understanding the ways in which
“people make sense of their world and their experiences in this world” (p. 137).
Yin (2013) described case study as representing an empirical inquiry examining a
phenomenon within its real-life context, but not necessarily with clear boundaries (Simons,
2009). In contrast, Stake (1995) viewed a case as a specific, identifiable “thing”, with clear
boundaries that functions as part of an integrated system, and that case studies explore the
complexity of a single (bounded) case in an effort to understand the activity and interactivity
within (Yazan 2015). Similarly, Merriam and Tisdell (2015) described case study as,
“intensive, holistic description and analysis of a single, bounded unit” (p. 232). In her
description of case study, Simons (2009) shared the perspective of “exploring the multiple
perspectives of the complexity and uniqueness” (p. 21) of a bounded case but expanded this
to include the purpose and research focus.
My personal approach as a researcher has evolved through my doctoral studies from
a positivistic approach upon entering the doctoral program, to one that now better matches
that of Merriam and Tisdale (2015). I believe that knowledge is something that is socially
constructed, and that reality exists through the interpretation of individuals; hence multiple
interpretations of reality co-exist. I am also of the belief that knowledge is not constrained to
the individual brain, but rather can exist is a distributed fashion amongst multiple human
actors experiencing the same phenomenon or community experience, but can further
integrate technology and other artifacts that support knowledge creation and decision
making. This is consistent with my choice to employ the DC theoretical framework in my
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research study.
Case studies in healthcare research.
Health care professions have long used the case report to study, describe, discuss,
and teach important aspects of medical cases, but the use of case study as a research
methodology is relatively new in this area (Crowe, Cresswell, Robertson, Huby, Avery, &
Sheikh, 2011). That said, case study as a research methodology should not be that foreign to
health care professionals as it shares much in common with case reports. While the case
report presents, “detailed critiques, typically of one or more patients, aims to provide
insights into aspects of the clinical case and, in doing so, illustrate broader lessons that may
be learnt” (Crowe et al., 2011, p. 1), case study research seeks to provide similar, in-depth
study of a bounded case.
Case study is an appropriate method for studying healthcare issues as clinical
scenarios often represent complex, dynamic, and evolving circumstances (Simons, 2009;
Yin, 2013). Just as every patient is unique (Skilling, 2016), so too is each clinical encounter
and the involvement of interprofessional teams both expands the experience, skills and
knowledge available, as well as, adding further opinions, personalities and perceived levels
of power that increase complexity (Baker, Egan-Lee, Martimianakis, & Reeves, 2011). This
complexity contributes to the unpredictable nature of clinical care and is a recognized factor
in healthcare errors (Kohn et al., 2000).
Casimiro et al. (2015) used a case study design to examine the complexity
surrounding healthcare team activities. Manley, Martin, Jackson, and Wright (2016) used a
multiple case study design to explore gaps in understanding the various contexts involved in
emergency patient care pathways as a case study approach allowed for the “investigation of
phenomenon within real life contexts to answer ‘how’ and ‘why’ questions, especially when
the boundaries between the phenomenon and the contexts are not evident” (Manley et al.,
2016, p. 2). As case study methodology was appropriate for studying complex and dynamic
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circumstances, it was the chosen methodology for this research project.
Advantages of case study methodology.
Case studies provide several advantages over other research methodologies (Case
studies, 2006; Gerring, 2006; Yazan, 2015; Yin, 2014; Zainal, 2007). Advantages include:
the collection of data within the context of its use; the opportunity to gather and use both
qualitative and quantitative data sources; a focus on in-depth inquiry regarding a
phenomenon, including rare or extreme cases; and the opportunity to challenge theoretical
assumptions. In short, case studies, “can offer important insights” not provided by other
research methods (Yin, 2014, p. 21), insights that drive understanding and create new ideas
and innovative approaches (Case studies, 2006; Zainal, 2007).
Disadvantages and misconceptions of case study methodology.
The use of case study methodology has both limitations and misconceptions.
Casimiro et al. (2015) noted that aspects such as the specific group/team studied, the time
studied, and the environment in which the study took place might not reflect situational
factors for other groups, times, or environments. Manley et al. (2016) indicated that case
study may include behaviours that are influenced by professional or organizational factors
and therefore may not represent those typical in actual clinical activities.
Flyvbjerg (2006) reported common misconceptions regarding case study research,
including the reduced value of practical knowledge with respect to theoretical knowledge,
the inability to generalize from case studies, and the difficulty summarizing specific case
studies. He provided examples where case studies had been used to both reject generalized
propositions and alternatively to add considerable support for the generalizability of others.
Flyvbjerg (2006) argued that reporting of complex and varied cases that tell unique stories
are useful in helping the novice, rule-based learner transition into an expert learner through
the exploration of such complexities and the nuanced differences between cases. Finally,
Flyvberg (2006) noted that case selection was key to theory building, by exploring extreme
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or critical cases that are more likely to identify deeper underlying causes.
The use of case study methodology in this research.
In this study, an extreme case, that of severe sepsis in a complex, interprofessional
healthcare setting, was the focus of the research effort. The contextual format of the
simulation activity produced experiential knowledge, rather than the type of contextindependent, rule-based knowledge that might be ascertained from reading a textbook. By
using a theoretical framework that explores the challenges the complexity of team-based
healthcare creates rather than trying to simplify healthcare situations into a set of
standardized rules and procedures, the insight that resulted from this study may be
applicable to other areas of healthcare.
The in-depth exploration of interprofessional healthcare teams acting in a stressful
environment, caring for a patient with a potentially lethal condition, may provide insight
into communication patterns and methods, as well as the use (or misuse) of artifacts that will
help build upon or revise current theories regarding interprofessional team performance and
education. Psychological safety (Turner & Harder, 2018) was provided by allowing the
participants to make mistakes without consequence as only the simulation center staff and
the researcher reviewed the sessions and provided feedback. Furthermore, participants were
provided a pre-education session regarding content, an orientation to the simulation activity,
and the sessions were facilitated by skilled simulation center staff.
As a novice qualitative researcher, I set out to explore all data from several
perspectives in a search for meaning.
Finally, the proposed study sought to expand the story that is currently understood
regarding interprofessional healthcare teamwork, and therefore summarizing the findings
into a simplified formula or set of procedures may be counterproductive. This research
created more questions than it answered, and this is a good thing given the increasing role
interprofessional teams are having and the potentially dire consequences that poor
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communication within such teams can have.
Research Questions
Based on the opportunities that simulation provide practitioners from different
professions to learn and practice skills together in a naturalistic environment, and the
expanded approach to cognition that DC affords, including the integration of actors, social
and material artifacts, and environment in the creation of knowledge, the following research
question and sub-questions were used to guide the inquiry:
How does distributed cognition contribute to and influence interprofessional
healthcare team decision making?
1. How does the physical environment support interprofessional healthcare team
communication and decision-making?
2. With distributed cognition, how does information flow within interprofessional
healthcare teams and how does that flow contribute to decision making?
3. How do mediating artefacts (e.g., lab results, patient monitors) support cognition
in interprofessional healthcare teams?
Population and Sampling
This case study involved interprofessional healthcare team training in a simulation
environment. Professions involved in the healthcare teams under study included medicine,
nursing, and pharmacy. Practicing clinicians, both staff and residents at varying levels of
training were involved. In each cohort, the teams consisted of two members from medicine,
two members from nursing, and a member from pharmacy. All participants were employees
of, or trainees associated with Charleston Area Medical Center (CAMC), in Charleston,
WV. All had been previously selected to participate in the severe sepsis team-based
simulation training activities.
As the simulation activities upon which this research is based represents a regularly
planned activity involving individuals from different health care professions, the sampling
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of participants was purposive and criterion-based (Hayes & Singh, 2011): purposive with
respect to choosing specific individuals representing different disciplines that are regularly
involved in the type of clinical practice simulated in the training program, thus providing
rich and multifaceted perspectives; and criterion-based in that all participants involved in the
study will have experienced the same phenomenon (Bloomberg & Volpe, 2012). Therefore,
the research sample included a small group of healthcare professionals working together in a
simulation training program aimed at improving the identification and care of patients with
a serious medical condition.
Methods of Data Collection
The study used multiple methods of data collection to increase the understanding of
interprofessional teamwork and to confirm and collaborate its findings through triangulation
of results (Bloomberg & Volpe, 2012; Yin, 2014;). Data collection methods included 1) a
qualitative survey, 2) direct observation, 3) audiovisual recordings, 4) interviews, 5)
documents, and 6) artifacts.
Data Collection Phases
Data were collected in three phases (see figure 6). In phase one, pre-simulation,
demographic data were collected via a participant survey. Data regarding the pre-briefing,
an activity that occurred just prior to the simulation activity to prepare participants for the
simulation, were collected using direct observation with field notes. The pre-briefing
sessions was recorded (audiovisual). Documents regarding the planning, implementation,
and evaluation of the severe sepsis simulation program were also reviewed. During phase
two, simulation activities, direct observation along with audiovisual review were used to
collect data. In phase three, post-simulation, data collection consisted of direct observations
and audiovisual review of the debriefing session, as well as, one-on-one personal interviews
with participants using a semi-structured interview protocol. Each of these collection
methods, their timing, and their relevance to the research questions are described below.
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Figure 6. Phases and timing of data collection.

Survey
Participants were contacted prior to participation in the simulation activities and
asked to complete a qualitative survey (see Appendix A). This survey gathered demographic
and professional data to garner background information on the training and prior experience
that they had with interprofessional teams and with simulation. It also explored attitudes
towards interprofessional work (IPW) and interprofessional education (IPE) as O’Carroll
and colleagues found differences in attitudes between health professions (O’Carroll,
McSwiggan, & Campbell, 2015) and Baker and colleagues reported attitudes regarding IPE
may affect IPW (Baker et al., 2011). Such information provides contextual and perceptual
information that may help support and/or corroborate results from other data collection
methods, but is of limited benefit in, “examining complex social relationships or intricate
patterns of interaction” (Bloomberg & Volpe, 2012, p. 121).
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Direct Observation
An observation protocol (see Appendix B) was developed based on the learning
outcomes established for the team-based simulation activity and using a time-indexing
method (Derry et al., 2010). This specific protocol was developed for this specific purpose
and as such had not been validated. Time-indexed field notes (Derry et al., 2010) were taken
during the simulation activities and served to document observations of the pre-simulation,
simulation, and debriefing sessions. Debriefing sessions were conducted using a verbal
debriefing methodology (Chronister & Brown, 2012). They were also used as a crossreference during the subsequent review of the audiovisual recordings of these sessions.
The observation protocol helped connect findings from the study with expectations
of performance from the simulation program, where learning outcomes were based on
established best practices from healthcare research (Dellinger et al., 2004). Connecting the
study findings to these outcomes helped connect the why and how to the what. For example,
knowing that a team could accurately diagnose severe sepsis given the clinical and historical
features of a patient within an appropriate timeframe is useful from a performance
standpoint, but understanding how the team arrived at that diagnosis is more important from
a conceptual and practical perspective and provided greater insight from a training
perspective.
The learning objectives used to develop the observation protocol along with the
expected flow of the simulation activities, helped guide the taking of field notes, given the
multiple activities that can occur simultaneously in a team-based simulation activity. Timeindexed field notes were both descriptive, by capturing events as they occur, and reflective,
in the recording of “subjective aspects of data collection such as assumptions, impressions,
attitudes, and ideas” (Hays & Singh, 2011).
Direct observation was an important aspect of this research as it allowed for data
collection in a naturalistic setting and is a useful method for describing complex processes
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and interactions (Bloomberg & Volpe, 2015). In addition to providing immediate recording
of team activities, direct observation also provided insight into the environmental and
situational context in which the activities took place (Yin, 2013). Further, it provided a lens
through which the rules and culture of the institution were viewed, and thus contributed to a
rich description of the events (Simons, 2009).
Observation of interprofessional healthcare teams during clinical care can be an
effective method of not only documenting the overt behaviours and communications
between team members, but also the non-verbal communication that occurs either purposely
or inadvertently (Weldon et al., 2013). As it occurs in real-time, it is not reliant on
participants’ memories or reflections, although is limited by the observers ability to take in
the activities as they happen (Weldon et al., 2013). This latter point can be augmented with
the addition of audiovisual recordings, as discussed below (Derry et al., 2010).
Audiovisual Recordings
The pre-simulation, simulation, and debriefing sessions (post-simulation) were
videotaped in their entirety. Audiovisual recordings provide a level of rich detail and
unlimited opportunities for re-examination not available through direct observation (Derry
et al., 2010). Barron (2003) reported the benefits of using video recordings in research as
follows:
Video records of interactions make possible the incorporation of multiple kinds of
data into the analyses. An important property of language in interaction is its
flexibility and generativeness. Silence, repetition of ideas, eye gaze, gestures,
physical synchrony, laughter, pauses, interruptions, and overlaps in turn taking do
not have single meanings but have a productive ambiguity; thus, depending on the
context, they can serve to signal different things to participants. Such behavioural
displays all become available through video interaction analysis for making sense of
how interaction unfolds over time and for drawing out the relational and social
65

aspects of collaborative problem solving. (p. 331)
Audiovisual recordings in this research project will be used in a deductive manner to
produce a narrative description of events surrounding critical elements of interprofessional
decision making (Derry et al., 2010). This approach allows the researcher to “decompose a
complex event and select specific parts to pay further attention to” (Derry et al., 2010, p. 7).
The goal is not to make a complex situation simple, but rather to make it understandable.
The part-to-whole deductive approach uses video recordings to best describe events of
interest (Derry, 2007; Derry et al., 2010; Erickson, 2006).
Yin (2013) reported concerns and potential limitations of using audiovisual
recordings as a data collection method, including the time and cost required for taping and
reviewing video recordings, transcribing audio recordings, and corroborating their findings
with field notes. Focusing on video segments surrounding critical decision making events
and those that pertain to the research questions specifically, reduced the overall time
required for analysis (Derry et al., 2010). Using an iterative process in this analysis
progressively focused the video segments selected for greater scrutiny, while at the same
time provided opportunities to discover unanticipated phenomena (Derry, 2007).
Other potential weaknesses of audiovisual recordings include the effect that
observation has on the natural activities of the participants. This awareness of being
observed may affect the way in which team members’ act and interact, thus giving a limited
or false impression of the true nature of team performance in the real clinical setting. While
this is a concern for any simulation activity, audiovisual recording is part of the normal
simulation activities for this program, and therefore it’s use as a research tool did not
represent an additional element that might unduly affect the performances of the team
members.
While the observations of the researcher are aided by audiovisual recordings, some
activities or aspects of the simulation may remain unobserved and therefore potentially lost
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to the results of the study. Therefore, combining the use of field notes, audiovisual
recordings, document review and semi-structured participant interviews provided
opportunities to triangulate data from different sources. (Derry et al., 2010).
Semi-structured Interviews
Individual audio-recorded interviews were used to document participant perspectives
on the simulation activities helping to improve accuracy on the part of the researcher
(Simons, 2009). A semi-structured interview format was chosen to guide the discussion to
include specific topical areas (see interview protocol, Appendix C), while at the same time,
eliciting, “the interviewee’s ideas and opinions on the topic of interest, as opposed to
leading the interviewee toward preconceived choices (Hays & Singh, 2011, p. 239). As
recommended by Burns and Grove (2005), the interviews were held in a quiet room in the
simulation center, outside of the interviewees’ regular activities. The interview began with a
general discussion of the study and the interviewee’s background and interests to establish
rapport with the interviewee. The wording of the subsequent questions regarding the study
was not standardized (Merriam & Tisdell, 2015), nor were they covered in a specific order
(Hays & Singh, 2011; Merriam & Tisdell, 2015). The questions were open ended (Zorn,
2005), and new topics introduced by the interviewee were explored to gain greater insight
into the perspective of the individual, their backgrounds and professions, and their
perception of the institution, its culture, and its training programs.
Interviews were conducted within a week following the simulation activity and
explored how closely the activities, circumstances, and behaviours that took place in the
simulation reflected the participant’s real-world clinical environment. The time delay for
some of the interviews may have affected recall of participants (Bryans & McIntosh, 2000).
Eppich and Cheng (2015) suggested that sociocultural learning theories such as DC help
highlight the importance of context in learning and may “help learners generalize lessons
from concrete simulation events to future clinical practice” (p. 388). By taking a DC
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perspective and including the interactions between human actors, artifacts and their
environments, the role that the latter two play in real-life clinical activities was explored.
Documents
Documents acquired and produced by simulation faculty pertaining to the simulation
activity, independent of this research, were collected for content analysis. This included
documents regarding the simulation activities (e.g., purpose, learning objectives, data
collection, analysis and reporting methods, and stakeholders), the participants, and the
reports generated regarding the simulation. These documents provided contextual and
cultural insight into the organization (Bloomberg & Volpe, 2012; Simons, 2009) and helped
identify potential issues in advance that needed to be addressed prior to the simulation
activities (Simons, 2009). This review was unobtrusive and provided a broader context for
the simulation activity, including how the observed simulation fits in with similar events
held with different participants (Yin, 2013). Potential weaknesses of this method include
difficulty in accessing documents, as well as, potential biases in the selecting and/or
findings of documents (Yin, 2013).
Artifacts
High fidelity simulation in healthcare typically involves considerable technology,
not the least of which is the high-fidelity human patient simulator. Distributed cognition as a
theoretical framework suggests that these technologies contribute to the cognitive
capabilities of the healthcare team (Nemeth et al., 2006; Wilson et al., 2007). As part of
simulation planning, much of what was presented through, and recorded by, these
technologies was integrated into subsequent documentation and analysis.
Methods of Data Analysis
The purpose of data analysis, “consists of preparing and organizing the data… for
analysis, then reducing the data into themes through a process of coding and condensing the
codes, and finally representing the data in figures, tables, or a discussion” (Creswell, 2013a,
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p. 180). This is a process that is best conducted in an iterative manner, synchronously with
data collection (Bloomberg &Volpe, 2012). The data analysis process largely followed the
Data Analysis Spiral described by Creswell (2013a, pp. 150-55). The first stage involved
organizing the data from all sources and adapting all data to a common form through a
transcription process. When the data had been transcribed and organized, the material was
reviewed multiple times and notes were made regarding reflections, questions, and ideas
that needed to be subsequently explored. The third phase involved classification and
interpretation of the data. This involved developing codes and, through further iterative
review, winnowing the codes into themes. The final phase was representation of the findings
into figures and text.
Creswell (2013a) recommended that if events occur in a chronological sequence, that
sequence should be used to guide the data analysis. This study used the theoretical
framework of distributed cognition to guide the overall analytic strategy and used a time
series technique to help organize and report the data (Yin, 2013). Documenting a
chronological sequence of simulation activities from observations, review of audiovisual
recordings and field notes allowed for a comparison between cohorts and with the suggested
sequence provided by the simulation program documentation. It also served to develop
probing questions based on simulation activities that were used during the interviews.
Initial coding and thematic development were undertaken using the data from cohort
one. The results were subsequently applied to the data from cohorts two and three to assess
fit and consistency. Given the multiple data sources and multiple forms of original data
(e.g., text, visual, audio, data transcript), an important step was to bring all the data together
(Merriam & Tisdell, 2015), preparing all data for analysis through the conversion to a
common form, text. This included providing a careful description of events from the review
of the video analysis (simulation and debriefing) and the transcription of the discussions
(pre-briefing, simulation, debriefing, and interviews). Digital information from all physical
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artifacts, where present, was reported in text format. All text was then entered in Microsoft
Word and Excel based files on the researcher’s personal, secure computer.
Thematic analysis followed a method focusing on the research questions and the DC
theoretical framework (Braun & Clarke, 2006; Clarke & Braun, 2017). This focus, that
allowed for greater depth of analysis regarding the research questions, and is commonly
used in health sciences research (Creswell, 2013b). The thematic analysis was at the
semantic or explicit level and took a realist/essentialist perspective (Braun & Clarke, 2006).
Details of the process used for data analysis are described below.
Transcription review: Cohort one.
Data from all sources (direct observation, audiovisual recordings, and audio
recordings) were transcribed by the researcher into Microsoft Word documents. The
interviews from the five participants in cohort one were used for initial coding. The codes
were developed from the objectives of the sepsis simulation program, the research
questions, and the frequency and importance of the terms and expressions used by the
participants. A sample of the initial coding from an interview transcript is presented in
figure 6. An iterative review of these transcripts resulted in twenty-two codes.

Figure 7. Sample of initial coding.
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Interview Topic Analysis
Further analysis of the codes included assessing how many of the participants
mentioned the code at least once during their interview. From this assessment, it was
decided that only codes mentioned by all participants would be advanced, resulting in
thirteen codes. Through this process, the similarities between the remaining thirteen codes
were further explored and two sets of codes were combined to bring the number of
remaining codes to eleven. All of the critical decision codes (‘CD’) were combined with the
decision making (‘DM process’) code and the ‘Team approach’ code was combined with
‘Team roles’ (see Figure 8).
Topic
Artifacts/Environment

N11 N12 M11 M12 P1
X

X

Authenticity/Realism

X

X

X

X

X

Critical Decision

X

X

X

X

X

Collaboration

X

X

X

X

X

Team approach

X

X

X

X

X

Communication

X

X

X

X

X

Conflict

X

X

X

X

X

Data gathering

X

DM process

X

X

X

X

X

Experience

X

X

X

X

X

Hierarchy

X

X

X

X

X

Leadership

X

X

X

X

X

Organizational culture

X

Real world

X

X

X

X

X

Sim overview

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Situation awareness
Team roles

X

Training/Education

X

X

Figure 8. Topics mentioned by all participants. Column headings indicate individual
participants.
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Thematic Summary
To further synthesize the remaining codes into underlying themes, a thematic
summary database was created using Microsoft Excel worksheets. A separate worksheet for
each of the remaining codes was developed with the five participants from cohort one in
separate columns on each sheet (see columns A-E in Figure 9).

Figure 9. Thematic summary table including quotes from participant interviews.
Quotes from the cohort one participant interviews were place under the participants
name in the worksheet that best corresponded to the content and context of the quote. Some
quotes were placed in more than one worksheet when there was apparent overlap between
the content/context of the quote and different codes. Using the database structure and
organization, the contrast and similarities of the remaining codes were further analyzed,
leading to additional combinations of similar codes and resulting in five remaining themes:
•

Artifacts

•

Team Roles & Teamwork

•

Leadership & Decision Making

•

Communication & Information Flow

•

Physical Environment
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After arriving at five tentative themes, the direct notes and transcripts from video
recordings of the cohort one simulation session were reviewed in an iterative manner to
further explore the context of the participants’ interview comments and to assess the
appropriateness of the five themes (see Figure 10). The themes covered the codes and
context of the simulation material appropriately and no further changes to the themes were
made.

Figure 10. Sample simulation transcript coding from cohort one.
Initial Coding: Cohorts Two and Three
The same process of initial coding that was conducted for the interviews, direct notes
and video transcripts for cohort one was then performed on the documents for cohorts two
and three. The themes derived from the analysis of cohort one were then compared to the
content and context related to the codes in cohorts two and three. The themes related well to
the codes and content of cohorts two and three and no changes to the themes were required.
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The quotes from the interviews of the participants in cohorts two and three were then added
to the thematic summary in the appropriate worksheets and columns.
Thematic Integration
The quotes from all the interviews were transposed from the thematic summary
Excel database to a Microsoft Word document. When all the quotes were arranged under the
appropriate themes with the associated participant cited, further analysis resulted in some
modification and rearrangement the statements as common elements and perspectives arose.
Descriptions from the direct and recorded observations of the simulation sessions, as well as
the pre- and debriefing sessions were added under the appropriate themes.
This method, involving multiple levels of coding and cross comparison of codes
through the identification of themes, provided the opportunity to analyze the data from
different perspectives. This was enhanced by analyzing the participants’ comments and
views first, through the coding of the interviews, and then exploring the transcripts of the
simulation, pre-briefing, and debriefing session, providing clarity and context to the
interview data.
Researcher Roles
As this research study represents the body of a doctoral dissertation, the primary
author was involved in all aspects. The co-supervisors provided guidance, advice and
additional resources where needed throughout the study and assisted with analysis by
reviewing drafts prepared by the primary author. The co-supervisors also served as peer
debriefers to enhance the accuracy of the analysis. Creswell (2013b) describes this role as “a
person… who reviews and asks questions about the qualitative study so that the account will
resonate with people other than the researcher” (p. 202).
Integrity of the Study
Internal Validity (Credibility)
As mentioned, data collection from multiple sources (e.g. direct observation, video
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review, participant interviews) allowed for triangulation of observations, interactions,
decisions, and activities. Triangulation is the process whereby, “[r]esearchers make use of
multiple and different sources, methods, investigators, and theories to provide corroborating
evidence for validating the accuracy of their study” (Creswell, 2013a, p. 302). The
following vignette is an example as to how this structure added to the credibility of results:
As part of the Severe Sepsis simulation training program, at a certain point in the
simulation, the patient’s blood pressure begins to drop. This was picked up by a monitor and
was displayed on the LED interface. In her interview, one of the participants reported that
she noticed the drop in blood pressure and reported this to the team leader. Review of the
video recording revealed that when this occurred, the team leader nodded and pointed to the
connections while communicating the finding to the other team members. Direct
observation found that the one of the nurses was already checking the monitor and its
connections to assure proper functioning. A decision was made to reassess the patient and
the additional monitoring equipment to ensure that the initial reading was a correct
interpretation of the patient’s condition. During the debriefing session, the team leader
reported that having confirmed the deterioration of the condition, he discussed options with
other members and the decision to start a medication was made. This was done after
confirming the appropriate medication dose with electronic data sources and the patient’s
history. These events were consistent with the findings of the video recording.
The process of understanding the interactions and various contributions to the team’s
cognition in identifying, analyzing and acting on new information began through direct
observation, with the researcher surmising what the thoughts, strategies and decisions of the
participants were. The specific actions of the participants, as well as the timing of the data
availability and interactions between the participants and artifacts were then confirmed or
raised through review of the video and physical artifact recordings (e.g. human patient
simulator, cardiac monitor tracings). This preliminary understanding of events was then
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explored and confirmed through discussions with the participants during both the debriefing
session and the personal interviews that followed.
Given that one assumption associated with qualitative research is that reality is
multidimensional and constantly changing (Merriam & Tisdell, 2015), the research findings
need to be shown to be credible. Credibility (or validity) represents the extent to which the
findings in a study are accurate and credible (Bloomberg & Volpe, 2012). This concern
transcends the kinds of research questions asked, the choice of methodology in answering
the research questions, through to the findings and conclusions reported. In this study,
multiple methods of data collection, essentially presenting the events of the simulation and
related activities from a number of different perspectives (audio, video, real-time
observation, multiple personal reflections, document analysis along with professional
opinion, and physical artifact recordings), provide credibility to this study through
triangulating results.
External Validity (Transferability)
Baxter and Jack (2008) noted the importance of providing enough data to let readers
assess the credibility or validity of the results and interpretation. Detailed descriptions from
simulation activities through direct observation, audiovisual recordings of events and
documents regarding the simulation events and team performance (by simulation faculty)
provide the richness necessary for readers to determine whether similar circumstances exist
in their home environments and therefore determine the transferability of the study
plan/results to their own settings (Bloomberg & Volpe, 2012; Merriam & Tisdell, 2015).
While simulation program activities may be replicated, the team composition, environment,
equipment and associated academic programs and administration create a unique context in
each setting.
Reliability
Rather than arriving at a single explanation of the results that can be replicated,
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qualitative research understands that there may be multiple interpretations of the same data
at any given point. So, it is important instead to clearly indicate how the results obtained are
consistent with the data collected. To do this, as the iterative collection and analysis of data
progresses, an audit trail was kept by the researcher to document steps taken, challenges
encountered, and solutions applied (Lincoln & Guba, 1985). This increases the transparency
of the process and, in so doing, increases the reliability of the study findings (Bloomberg &
Volpe, 2012). As mentioned above, the co-supervisors provided peer debriefing to enhance
validity of the study results. Reliability of findings was also increased through member
checking by providing the results section of this study to all interviewed participants,
including their individual codes, and asking for confirmation and clarification of their own
actions, as well as the actions of their cohort team. Additional reliability was provided by
offering of the entire data set, devoid of demographic markers, including that which was not
possible to present in the dissertation document.
Along with an audit trail, as the researcher, I documented my dispositions, potential
biases, and assumptions with regards to the study activities and data throughout the process.
This reflexivity added to the integrity of the research process and results (Merriam &
Tisdell, 2015).
Boundaries of the Study
This study was bounded by four factors. First, from a time perspective, the study of
simulation activities took place in the month of July 2017. Given this time frame, the
number of teams was limited to three interprofessional teams. The study was also bounded
by location in that, all sessions were held in the same facility at the Charleston Area
Medical Center Patient Simulation Center in Charleston, West Virginia. Finally, there was a
staffing boundary as all team activities for all cohorts were overseen by the same simulation
facilitation staff.
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Limitations and Delimitations
Limitations
While the study benefited from multiple sources of data, the volume of data was a
potential limitation (Simons, 2009). First, writing an in-depth narrative of the video
recordings and transcribing the audio recordings took considerable time and may have
missed, or misrepresented, details or context. Each step in the process of converting data
regarding the actual simulation activities represents a step further away from true
authenticity, leading to study results that represent an approximation of events (Pimmer et
al., 2013). Comparing this study’s results to related literature helped provide insight into the
magnitude of this approximation and served as the foundation for future studies.
A second limitation is that the simulation experience represented a distorted picture
of reality (Simons, 2009). This is not a small concern as the strength of simulation as an
educational methodology lies, at least to some extent, in its ability to provide a reasonable
approximation of the natural environment (i.e. context) and to “suspend disbelief” (Okuda et
al., 2009, p. 332). Attention to this concern was addressed through the use of high-fidelity
technology (human patient simulator, monitoring and other technical equipment identical to
that used in the hospital), naturalistic environment (retired ward in the hospital) and
hospital-based personnel (simulation faculty as facilitators/collaborators).
Third, while there are many potential benefits to experiential learning that high
fidelity simulation offers, such simulated environments and activities run the risk of
neglecting important aspects of the social context in which those activities and experiences
naturally exist (Bleakely, 2006). Traditional approaches to debriefing that focus on
individuals’ experiences during the simulation may serve to concentrate on the simulation
itself rather than working to expand the experience and integrate it back into the
participants’ natural clinical environment (Eppich & Cheng, 2015). A DC lens was chosen
for this research as sociocultural theoretical frameworks help focus, “attention on the
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influence of context in learning and offers simulation educators insights into the complexity
of interprofessional and multidisciplinary teamworking” (Eppich and Cheng, 2015, p. 388).
Another limitation may have been the variability with regards to interview times
post-simulation. Bryans and McIntosh (2000), report that delays could affect the recall of
the participants and one of the participants commented that the length of time between the
simulation and the interview (one week) made it difficult for him to recall specific details.
Delimitations
The simulation programming itself represents a delimitation of the study in that it
limits the possible paths that the simulation activities may take. This includes predetermined
points or events that have been developed to ensure learning objectives are met. Therefore,
the options available in simulations provide only a small slice of the possible outcomes that
might arise from in a real-life circumstance. While complexity may be introduced into
simulation in many ways (e.g., distractions, competing needs, aggravated faculty
collaborators), representation of the true dynamic nature and complexity of the participants’
clinical reality remains beyond the scope of simulation.
The study is also delimited with regards to the groups studied. As this study was
conducted at a single site (CAMC) during a specific time period (July 2017), and
incorporated into a previously established interprofessional team training activity, the scope
of the study was delimited by these parameters.
Ethical Considerations
In this study the following steps were taken to ensure ethical treatment of
participants: 1) the study thesis, including the informed consent and other supporting
documents, was approved by the Conjoint Faculties Research Ethics Board (CFREB) at the
University of Calgary and the Institutional Review Board at Charleston Area Medical
Center; 2) all participants were contacted before the study regarding the nature of the
research, how the identities of participants would be protected, how the data would be used,
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and the informed consent procedure, including the option of not participating in the study;
3) the role of the researcher was explained; and 4) all participants, their actions and
responses, and results have been kept anonymous, including the creation of composite
stories where necessary (Creswell, 2013b).
Background and Role of the Researcher
My background has been in the practice of emergency medicine, as well as, in the
design, implementation and evaluation of simulation training programs. I previously worked
in the emergency department at CAMC and at one point was the medical director of the
patient simulation center where this research study was conducted. During that time, I was
involved in the development of the severe sepsis simulation program that is the backdrop for
this current study. While that was ten years ago and the activities and personnel have
changed somewhat, I needed to be cognizant of the potential of renewing old perspectives
regarding this program. This was aided by my approaching the project with different goals
and from a qualitative, rather than quantitative methodology.
It was important to delineate my role as the researcher with regards to the planned
simulation activities and explore any concerns that participants might have had. The only
direct contact that I had with participants was during the description of the study and signing
of consent prior to the simulation activities, and during the personal interviews following the
simulation activities. I was not present in the simulation room during the team activities, but
rather was in the monitor room with clear view of the simulation through a one-way mirror.
Contact was kept to a minimum so as not to affect the participants’ behaviours during the
simulation activities.
Simulation training can create anxiety on the part of the participants as they may feel
they are being judged, or that their performance may affect other’s opinion of them or their
program evaluation (Nielsen, & Harder, 2013). While the initial consent for the sepsis
training program into which this research study was incorporated deals with much of this
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concern, the added presence of a researcher observing, noting, filming and reviewing their
performance requires separate attention. In the research study consent form the participants
were assured that all actions, conversations and results of participation in the simulation
would remain anonymous. No names were used and any specific references that might
identify an individual were modified to protect the identity.
Chapter Summary
This chapter described the various aspects of this study’s research methodology. A
qualitative case study methodology was used to explore how the interactions between
interprofessional team members, mediating artifacts and the physical environment
contribute to the care of a patient. Fifteen healthcare professionals from three different
disciplines (nursing, medicine, pharmacy) participated in this research study. Data collection
took place in three phases (pre-simulation, simulation, and post-simulation) and consisted of
a demographic survey, direct observation and audiovisual recording, a semi-structured
interview and review of simulation program documents. Research data were analyzed
incorporating reports from the literature, as well as, emerging themes. Several strategies
were employed to account for internal and external validity and reliability, including
multiple information sources and triangulation of findings.
Distributed cognition was the conceptual framework used in the design and analysis
of this research. Key themes were identified through iterative analysis of one cohort, and the
findings were confirmed the other two cohorts. The following chapter describes the themes
identified and includes participant quotes and direct observation of actions and
communications during the simulation to support the findings.
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CHAPTER FOUR: FINDINGS
Introduction
This case study set out to explore the decision making of interprofessional healthcare
teams from a distributed cognition perspective. Data were collected using a pre-simulation
survey, observing and recording pre-briefings, simulation activities, and de-briefing
sessions, individual interviews with participants, and review of documentation from the
simulation program. The researcher believed that using a distributed cognition lens would
reveal aspects of team interaction and performance that is missed using more traditional
methods. This chapter begins with a description of the three cohorts that comprised the
study, including the backgrounds of the participants and their expectations regarding
participation. This is followed by a description of the environment in which the simulation
sessions took place, including the facilities, equipment, and personnel. The last section of
this chapter will report the major findings of the study as identified through observations,
both direct and recorded, one-on-one interviews with the study participants, and review of
the documentation regarding the sepsis simulation program that served as the background
for this study.
General Information
The simulation activities that were the focus of this research were part of a hospitalbased initiative to increase the awareness of sepsis and to improve the recognition and
treatment of this condition. This sepsis program, first implemented in 2005, was designed to
engage interprofessional healthcare teams (IPTs) in a series of simulation activities
regarding patients at various stages of sepsis. Most of the healthcare professionals in the
hospital have participated in the years since its introduction. All new trainees, including
students and residents, and new-hires from many healthcare professions take part early in
their tenure at the hospital.
Each of the three cohorts that made up this research project included two residents
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from the emergency medicine (EM) or internal medicine (IM) residency programs, most of
whom had just begun their first year of training, two nurses from different areas of patient
care within the hospital, and one pharmacy resident or clinical pharmacist. All participants
in the cohorts were initially approached, agreed to be part of this study, and signed consent
forms. These cohorts completed the initial survey and were observed and recorded during
the simulation activities. Cohorts one and two took part in the simulation on the same day,
with cohort three participating one week later. All of the participants in the first cohort were
interviewed, but due to time constraints, only three of the five participants in the cohort two
and one participant from the cohort three were interviewed. The facilities, equipment, and
training support staff were the same in all simulations. Below is a description of the cohorts
based on the pre-simulation survey results. A copy of the survey is included as Appendix
XXX.
Participants
All fifteen participants from the three cohorts who underwent the simulation training
program agreed to participate in this study and signed informed consent forms. Of these,
nine participated in individual interviews following the simulation (N11, N12, M11, M12,
P1, N22, M21, M22, M31). Below is an overview and description of these participants, their
backgrounds, roles in the institution, and expectations regarding the sepsis simulation
training program.
N11 had recently completed her training and begun working as a nurse in the
emergency room. She had previous experience as a licensed practical nurse (LPN) in other
areas of the hospital. N11 had participated in interprofessional team training with medical
students, as well as some experiential learning involving simulation during her most recent
nursing education program. Her expectations regarding the sepsis simulation training
program included improving her ability to recognize patients with early stages of sepsis, and
she felt that simulation training would increase her patient skills in the ER setting.
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N12 was a senior nurse working in the intensive care unit and had considerable
experience caring for patients diagnosed with sepsis and had received prior simulation
training regarding sepsis care. She reported working with interprofessional teams in the ICU
on a daily basis and had taken several classes on interprofessional team training. She had
considerable involvement in simulation training, having taken several classes and having
taught a simulation program to junior nurses. She was looking forward to the repeat sepsis
training program refreshing her knowledge and skills and felt simulation related directly to
her interactions with patients in the ICU.
M11 had recently completed medical school training and entered his first
postgraduate year in the emergency medicine residency program at the host institution. He
had prior training in healthcare professions but had not practiced as such. He reports having
participated in interprofessional team and simulation-based programs during his medical
school education. He was looking forward to the sepsis training improving his comfort level
in dealing with real-life situations as he recognized that, as an EM resident, he would be
taking care of patients in the early stages of sepsis.
M12 had also recently completed medical school training and entered his first year
as an emergency medicine resident. He had previous experience with interprofessional
training involving simulation during his medical school education. He had also participated
in interprofessional team care during his recent experiences as a medical resident in the
emergency rooms at the host institution. His experience with simulation included
participation in objective structured clinical examinations (OSCEs) and assessment of
fundamental clinical skills during his medical school training. He was hoping the sepsis
simulation training program would increase his knowledge of the subject area and felt
simulation was beneficial as it creates a similar environment to that in which he was
training.
P1 had recently completed a Doctor of Pharmacy (PharmD) training program and
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entered a one-year pharmacy residency program at the host institution. She had experience
working in interprofessional team environments involving nurses, physicians and dieticians
for approximately five years, and had participated in interprofessional team training through
mandatory certification programs (acute coronary life support, ACLS; and pediatric acute
life support, PALS), both in her PharmD training and upon entry into her residency
program. These programs were simulation-based. She expected that participation in the
sepsis simulation program would help her become more comfortable in the role of a
pharmacists during critical events as pharmacists were commonly involved in crisis/code
events in the host institution.
N21 was a nurse extern in the emergency department of the host institution having
completed her training as a registered nurse (RN). She had participated in some
interprofessional team training scenarios in nursing school and had gained some experience
working in interprofessional teams as a nurse extern in a previous position. She had
previous simulation-based training in nursing school and with the mandatory certifications
required by the host institution and was looking forward to the sepsis simulation training
program improving her skills in working with interprofessional teams.
N22 had many years of experience as a nurse and was the charge nurse in an
intensive care unit at the host institution at the time of the simulation. As such, she had
extensive experience working in interprofessional teams from both a clinical perspective in
the patient care unit, as well as, from an administrative perspective, having served on a
number of hospital committees. She had received interprofessional team training through
mandatory certification programs (ACLS; trauma nursing core course, TNCC), both of
which used simulation experiences as part of the training. N22 hoped that the sepsis
simulation training program would improve her knowledge of dealing with septic patients
and felt that simulation, as an educational modality, helped better understand patient
situations.
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M21 had recently finished medical school and begun his residency in emergency
medicine. Prior to medical school he had completed graduate work in health professions.
His past experience as part of an interprofessional team included work as a clinical research
coordinator at a large metropolitan hospital. He reported interprofessional team training and
simulation experience in medical school, as well as, during his prior hospital-based work.
He felt the sepsis simulation training program would help him understand how to medically
manage septic patients in a manner that simulates real-life patient experience.
M22 had also recently completed medical school and started his first year in the host
institution’s emergency medicine residency program. Prior to medical school, he had been a
cardiac monitor technician and as such had worked in interprofessional teams. His
experience with simulation-based training included sessions in medical school and, more
recently, as a resident at the host institution. From the sepsis simulation training, he
expected to increase his hands-on experience prior to direct patient experience and
recognized that simulation was a commonly used training modality in the emergency
medicine residency program.
P2 was a recent graduate of a Doctor of Pharmacy program (PharmD) and had just
begun his pharmacy residency training at the host institution. He had experience working in
interprofessional teams during his PharmD training and had participated in interprofessional
team training during the mandatory certification programs required by the host institution
(e.g. ACLS, PALS). He hoped the sepsis simulation training would increase his
understanding of the role pharmacists play in the care of patients with sepsis as he expected
to rotate through a number of intensive care units during his training and would participate
in the care of septic patients.
N31 was an experienced nurse, having work in the emergency department for over 9
years. During that time, she had worked with many different professionals in collaborative
patient care teams and had completed simulation-based interprofessional team training
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involving the mandatory certifications required by the host institution. She was looking
forward to the sepsis simulation program increasing her understanding and skills in working
in teams as that was a common circumstance in her role as an ED nurse.
N32 was a senior nurse in the emergency department and as such, had considerable
experience working in interprofessional teams. She had also participated in sepsis
simulation program previously, which involved simulation-based training as did the
mandatory certification courses she completed (e.g. ACLS, TNCC). She expected the sepsis
training program this time to further her knowledge regarding sepsis and how to better
identify sepsis in triage as she recognized that identifying and treating patients with sepsis
early was important in the ED
M31 had just entered her third year in the internal medicine residency program at the
host institution. While she had not had any formal interprofessional team training, she had
gained considerable experience in the first two years of residency working collaboratively
with other professions regarding patient care. She had participated in simulation-based
training in both medical school and her residency program, including, but not limited to,
mandatory certification programs (e.g. ACLS). She hoped that, through the sepsis
simulation training, she would gain greater understanding of how to advance her patient
management as she regularly was involved in the admission and management of septic
patients in her current role.
M32 was a medical resident. His survey information was not available for this study.
P3 was a clinical pharmacist with considerable experience working as part of
interprofessional teams in the surgical and medical intensive care units at the host
institution, both during her pharmacy residency year and during her work as a clinical
pharmacist. Her simulation experience included completing the mandatory certifications
required (e.g. ACLS, PALS) as well as her previous participation in the sepsis simulation
program. She expected that the sepsis simulation training program would provide practical
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information that can be applied to direct patient care in the early identification of septic
patients.
Three Cohorts
Cohort One
This first cohort consisted of two nurses, one with considerable experience (N12)
and one who had recently completed her RN training, but had worked as a LPN for two
years prior to furthering her nursing training (N11). The two EM residents (M11 & M12)
and the pharmacy resident (P1) were all recent graduates of medical and pharmacy school,
respectively.
Cohort Two
The second cohort also consisted of an experienced nurse (N21) and another who
had only recently completed her training and was a new hire of the host institution (N22).
Similar to cohort one, both medical residents (M21 & M22) had recently completed medical
school and started the emergency medicine residency program. The pharmacy resident (P2)
was a recent graduate of a Doctor of Pharmacy program and had just started the pharmacy
residency program at the host institution.
Cohort Three
Of the five participants in this cohort, one of the residents (M31) was in the third
year of training in the IM residency program. The survey from the second resident was not
retrieved. Both nurses (N31, N32) were experienced and both had taken the sepsis training
program before. The pharmacist (P3) was also experienced having worked as a Clinical
Staff Pharmacist for over 8 years since completing residency training.
The Simulation Environment
All three of the simulations were conducted in the same facility with the same
equipment and simulation support staff, who oversaw conducting the sepsis simulation
program. The simulation room (see Figure 11, below) was a retired hospital room that had
88

been converted for simulation activities. As such, the room appeared like other active
patient care rooms in the hospital and utilized similar patient care equipment.

Figure 11. Simulation facility layout, equipment and personnel positioning.
Key: NPS – Non-Participant Staff
The ‘patient’ (high fidelity patient simulator, SimMan 3G) was placed in the center
of the room with adequate access to the wall equipment standard for the hospital (air,
oxygen, suction), and there was a small electronic patient monitor on the wall to the right of
the patient bed that was typical for most of the patient care rooms in the hospital. In
addition, there was a larger, ‘teaching’ wall-mounted monitor that depicted the same patient
care information but was also used by simulation center staff for debriefing and other
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teaching activities. The ‘crash cart’ was the same cart as was used in other areas of the
hospital for highly critical patient conditions such as heart attacks or acute trauma. A
medication tray was provided that allowed participants to prepare fluids and medications as
needed. Intravenous access equipment was also for participant use. Two cameras were used
to videotape the simulation activities, one mounted on the ceiling at the rear of the room and
one mounted high on the far wall of the room. The first camera was linked to the simulation
program and only recorded while the SimMan program was active. It did not record the
debriefing activities. The side mounted camera provided an alternate view and thereby
increased the visual coverage of the simulation and continued recording throughout the
debriefing session.
The non-participant staff (NPS) were the same for all cohort sessions. They
consisted of an experienced practicing emergency medical technician (EMT) who served as
a conspirator in the simulation, posing as the EMT who delivers the patient to the participant
teams. He remained throughout the simulation to provide further information and other
support to the teams as needed. In the transcriptions he is referred to as “P”. The session
observer sat in the simulation room in the back corner and took notes throughout the
session. She then provided feedback at the completion of the simulation session based on
the learning objectives of the sepsis training program. P also provided feedback from his
perspective as an active conspirator in the simulation. The final staff member was the
simulation technician who remained in the control room, ran the simulation software
program, and had no interaction with the participant teams.
Pre-Briefing
Each of the simulation sessions began with a pre-briefing discussion. The prebriefing sessions were held either directly after the sepsis workshop or following another
sepsis simulation involving a standardized patient, rather than a high-fidelity simulator. The
pre-briefings were intended to introduce the participants to the main aspects of the activity,
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generally their roles, and a general overview regarding what to expect. The following is an
example from the cohort one simulation pre-briefing by the instructor who said:
You guys are here in the simulation lab. This is going to be your resuscitative
scenario. I want to introduce you to the SimMan 3G. Any kind of patient
assessments that you want to do will be done on the SimMan 3G… he’s got lung
sounds, heart sounds, everything else. Outside of being a little bit plastic, he’s pretty
accurate. If you check pulses, you’ll have pulses. If you need anything else as far as
equipment, wise, you’ll be using it from the crash cart. (P)
In this segment of the pre-brief, the instructor provides an introduction to the room and the
simulation manikin, a description of the information that can be obtained from the manikin,
along with a subtle request to suspend disbelief, and directions regarding where equipment
can be found. The participants are also told that the session will be recorded.
During the pre-brief, the participants generally formed a semi-circle facing the
instructor standing in front of the manikin. The monitors are clearly visible, but no patient
related information is displayed. As part of the procedure, patient information would only
appear when the team completed activities that in a normal clinical setting would be
required to gain such information. Examples include a heart rate tracing that would appear
when the team successfully placed chest leads on the patient and oxygen saturation reading
that appeared after the oxygen sensor was placed on the patient’s finger.
Major Findings
Nine of the fifteen of participants in the three simulation cohorts partook in a oneon-one interview with the study researcher within one week of the simulation activity (N11,
N12, M11, M12, P1, N22, M21, M22, M31). One interview was conducted on the same day,
immediately following the simulation, five were conducted the day following simulation,
and two were conducted seven days after the simulation. Four major findings emerged from
these observations and interviews:
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1. Artifacts provide essential information and support patient care;
2. Understanding how team roles affect team performance;
3. Open communication improves collaboration and decision-making; and
4. The physical environment affects team communication and patient care
activities.
Each of these findings are described below using thick description methodology (Geerz,
1983) to highlight the experiences of the participants, providing both context and insight
from the participant’s perspective. Direct quotations from observations of the simulation and
debriefing sessions, as well as participant interviews are used in this regard. Descriptions of
the setting and activities obtained from direct observation and review of the video
recordings also adds context to the comments of participants. Where appropriate, data from
other sources has been integrated into the description to strengthen the discussion.
Artifacts Provide Essential Information and Support Patient Care
All the participants interviewed (n = 9) commented on the important contribution
that information derived from artifacts (e.g., patient monitors, lab values, x-rays, clinical
equipment, etc.) had on assessing and monitoring patient status and on clinical decisionmaking. Participants commented on how the information displayed on the patient monitors
provided a constantly updated impression of the patient status and early indications of
patient deterioration and/or response to interventions. N11 commented that technology
provided up-to-date patient information when needed in a manner more efficient than
previous paper-based methods:
I definitely like how technology has brought us to current and you can pull
everything up. So it’s like if you need something quickly, you have a lot of
information, and everything’s right now versus if you’re trying to follow a paper
trail, it can be more difficult.
Each of the three cohorts utilized information from mediating artifacts provided
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through the patient monitor to monitor the patient’s condition and identify times of
deterioration requiring intervention. M12 reported, “the patient’s status started evolving you
know, vital signs started to decline, at which point I knew we had to end up intubating the
patient because the O2 sat was declining…” Decreasing oxygen saturation was part of the
simulation program and in each scenario mediating artifacts (oxygen saturation monitor
displayed through the patient monitor) led to intervention by each team. Interventions began
with the application of oxygen therapy through nasal cannula. As the saturations continued
to drop, continuous display of the patient’s saturation aided teams in recognizing that further
measures were needed, including endotracheal intubation.
Similarly, the simulation program included the patient becoming hypotensive (low
blood pressure) due to underlying sepsis. This was somewhat complicated by the fact that
the patient’s baseline blood pressure may have been higher than normal as he had a prior
diagnosis of hypertension and was taking medication at the time of his presentation to
hospital. Mediating artifacts, including a blood pressure cuff that provided intermittent
readings through the patient monitor were used by the teams to identify the decrease in
blood pressure. M21 commented on how vital signs on the patient monitor led to
recognition of hypotension and the need for fluid resuscitation: “We noticed initially the
patient was…probably hypotensive so we did get some fluids.” In each scenario, the
patient’s blood pressure continued to drop despite fluids, and tracking the blood pressure via
the monitor led all three teams to the decision to provide further support through intravenous
medications (vasopressors).
Artifacts were also noted to have helped in the confirmation of diagnoses and in the
adequacy of clinical interventions. P1 related how mediating artifacts contributed to
diagnosing the patient with sepsis:
We were evaluating his blood pressure, heart rate, respiratory rate, and immediately
got labs. I believe he had an elevated lactate level as well. Between that and the
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respiratory rate, I think that that’s how they… We came up with the determination
that he was septic.
M31 reported the importance of labwork, noting that, “Once you get the labwork, it’s clear
almost immediately you got a septic patient.” M22 noted the importance of reviewing the
chest x-ray in confirming the diagnosis of pneumonia, a diagnosis that was suspected from
other patient factors derived through both clinical skills and artifact-based information. In
each of these situations, monitoring of the patient’s condition through electronic artifacts,
along with the results of laboratory and radiologic investigations led to, supported, or
confirmed suspected diagnoses.
Observing the simulation activities highlighted the multiple information sources
(e.g., patient monitor, lab reports, x-rays, etc.) derived from artifacts that helped with
clinical interventions. One example of this was during the intubation of the patient. As this
is a time sensitive procedure used when a patient’s condition becomes critical, it is
important to determine if the endotracheal tube (ETT) is properly positioned or not.
Observation of the first cohort simulation highlighted how multiple sources of artifact-based
information were used to establish the initial placement of the ETT. First, the stylet used
inside the ETT helped the EM resident who was conducting the intubation procedure to
manipulate the ETT and visualize its passing through the vocal cords. Misting of the inside
of the ETT with exhalation suggested air passage from the lungs. Movement of the chest
when the self-inflating bag was attached to the ETT and compressed suggested air entering
the lungs (as opposed to the stomach with an ETT improperly positioned in the esophagus)
as did the presence of breath sounds heard through the stethoscope. The increase in oxygen
saturations, detected by a finger probe linked to the patient monitor, also suggested oxygen
delivery to the lungs via the ETT. Finally, a chest x-ray would typically be used in a real-life
situation to confirm, not only that the ETT is in the trachea, but that it was not too far
advanced into the right mainstem bronchus, thus ventilating only the right lung.
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While many of the participants noted the importance of information derived from
mediating artifacts (e.g. vitals from patient monitor, lab reports, chest x-rays), two of the
participants, (N11 & P1) pointed out that such information was insufficient in itself and
required interpretation, communication and integration, taking into account other sources of
patient information in order to maintain an accurate impression of the patient’s overall
condition. N11 commented that, “as long as everyone is able to interpret that information,
you know, to another person, then we were able to make a decision on what needed to be
done.” P1 cautioned against overreliance of information provided by mediating artifacts as
that could be, “a kind of hang-up, trying to treat a number…” and that it was important to,
“keep the whole patient in mind and not just focus on one specific detail.”
Participants also described how information from artifacts helped to organize and
guide patient care activities. Monitoring of the patient’s condition was supported by artifactbased information and tracking of vital signs via the patient monitor. This allowed team
members to periodically reassess the patient as well as alerting them to unexpected changes
that required further discussion and/or intervention. N11 described how, “The nurse, for the
most part, was the one who would keep track of vital signs… If we made changes to the
medications, or fluid, or just wanted an update on patient status, the nurse did that.” In this
way, artifacts served as focal points for bringing team members together to discuss the
patient condition and improve situation awareness. Often more than one team member
would be watching the monitor for changes in the patient status and team members took
turns monitoring when others were involved in direct patient care activities. An example of
this was when team members in the first cohort alternated their monitoring and reporting of
the patient’s vital signs, as described by P1:
The nurse would be like, “Oh the respiratory rate is going down and the O2 sat…”
you know, she would keep everybody on track even if we were having a different
conversation…And then if she was delivering the meds, then the physicians would
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also be monitoring it and expressing, “hey we might need to address this.” So, I
think everybody kind and kept an eye, and also vocalized if they saw change that
needed to be addressed.
At other times during the same simulation two or more team members gathered around lab
results or x-rays, or collectively looked at the patient monitor and exchanged ideas and/or
formed decisions. The following are three examples:
•

Three minutes into the simulation, all team members looked at the small monitor
and ceased other activities. This led to re-evaluation of his blood pressure status,
and discussion that resulted in ensuring he was not in a fluid overload situation.

•

Three and a half minutes into the simulation, P1, M11, and M12 move around to
the same side of the patient's bed. P1 places a paper list of the patient's current
medication on the patient's bedside and the look at the list together. This helped
confirm that the patient was relatively hypotensive due to his underlying
hypertension for which he took medications and led to the decision to provide
pressure support.

•

At the eight minutes mark, a paper copy of the chest x-ray is provided. M11 and
M12 look at the x-rays together and discuss their interpretations, using their
fingers to point to areas of concern.

This collaboration in sharing and discussing information between two or more team
members helped focus their attention on specific concerns despite the many other activities
that were occurring simultaneously. These discussions often led to the determination of a
change in the condition of the patient, and a collaborative approach to identifying an action
plan. It also provided the opportunity to correct misinterpretation as happened at the elevenminute mark when M11 and P1 were looking at the large monitor. M11 had mistaken a
reading on the screen & P1 corrected the mistake by pointing to the screen and explaining
the meaning behind one of the values. M11 then confirmed his corrected understanding.
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While artifacts were found to enhance the assessment of the patient’s condition and
determination of action steps in many cases, it was also noted that the lack of availability of
mediating artifacts could limit or change the course of action in patient care in a potentially
detrimental way. An example of this was reported by M12 who suggested that prolonged
searching for intubation equipment delayed the implementation of care deemed essential by
the team: “The hardest trouble was actually finding the tools in the room to do this.”
Similarly, the lack of central line equipment prevented the cohort two team from gaining
greater venous access that would have allowed for increased fluid resuscitation and a
method for providing more than one type of medication at a time.
In the simulations involved in this study, artifacts were identified as supporting
patient care in many ways. All participants commented on the importance of artifacts for
monitoring patient status, aiding in diagnosing patient conditions, and supporting clinical
decision making. In addition to providing constant monitoring of the patient’s vital signs
and therefore acting as an early warning system for potential deterioration, participants also
used artifacts to assess the effects of interventions and as a focal point for re-assessing and
collaboration. Artifacts were felt to be insufficient on their own, however, and required
interpretation by team members in consideration of other information that was available.
Finally, the availability of artifacts could limit care options and/or delay treatment.
Understanding How Team Roles Affect Team Performance
All participants interviewed in this study (n = 9) commented on the importance of
team roles in the care of the patient in this simulation. While there was general agreement
that the team members in these cohorts assumed and followed their roles in an effective
manner, there was some disagreement as to the effectiveness of the leadership in the first
two of the cohorts and some concern expressed about loss of situation awareness by the
team leader during periods of task activity. Many of the participants commented on the
effects that increased experience had, or would have, on their roles in healthcare teams.
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These concerns and perspectives will be described below.
The importance of team members understanding their roles in the effective care of
patients was noted by six of the participants (N11, N12, M11, M12, P1, N22) in different
contexts. N11 summarized the general importance of roles in healthcare teams as follows:
“Everybody has a specific role to play… and I don’t think necessarily that one is more
important than the other, because they all have to work together… to have a good outcome.”
Much of the discussion regarding team roles focused on how well the cohort participants
assumed and carried out their roles during the simulation. While there were no differences
among professions regarding specific roles for team members, there was a difference in the
formality with which roles for team members were established. The first cohort had not
discussed or assigned roles prior to the start of the simulation session, whereas both cohorts
two and three had briefly discussed roles in the short time outside the simulation room as
they waited for the encounter to begin. In these brief discussions in both cohorts, the roles
were agreed by all participants to mimic the roles that their professions played in similar
real-life situations in the hospital.
Despite the lack of formal role assignment in the first cohort, P1 felt that, “As the
simulation lab started, I think that we all, kind of, went into our designated positions.” N11
commented similarly that, “everybody kind of jumped into the roles whatever that would
actually be in the setting.” In the debriefing session, M11 did not feel that defining roles
formally was required: “I guess we could have verbalized the roles, but I think everybody
already just kind of knows their specialty.” N12 also commented on how her team assumed
their roles naturally and carried out their tasks without formal discussion: “Everything just
kind of ... [fell] into place… So, you didn’t really have to delegate out tasks because it’s like
each person knew what their portion was going to be based on their skill set.”
Participants from cohorts two and three (n=3) also felt that their team assumed and
fulfilled their roles effectively. N32, during the debriefing commented on the teamwork that
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occurred in her cohort: “I think we were all able to pull together and rely on each other, with
everyone’s strengths… and utilize them.” The discussion of roles by the participants in
cohort two, prior to entering the simulation room, was felt by M22 to contribute positively
to the team’s performance: “So I think determining the roles outside… kind of a coordinated
our efforts in the sense that once the problems were recognized, each person knew their
roles within that problem based on predetermined discussion.” N22 agreed that participants
entered the room and essentially understood and assumed their traditional role, commenting
that the members of her team understood their roles from the beginning and “kind of fell
into our roles.”
While the general feeling amongst the participants from all professions in the three
cohorts was that the filling and fulfilling of the roles during the simulation activities were
done well, regardless of whether previously discussed or not, M11 described how
understanding roles during high stress procedures in real world situations can be a greater
challenge than that experienced in the simulation activity:
I think largely it’s the lack of assigning roles when you’re in the room. I know even
just like during intubations, you know sometimes there’s two or three nurses in there
and it seems… You know… know really which one is doing what… it just doesn’t
seem like the assigning of roles is something that happens quite as cleanly as it does
in our rehearsed scenario.
Six of the nine participants interviewed (N12, M11, M12, P1, M21, M22)
commented on the importance of team leadership and the role of the team leader specifically
in guiding the direction of patient care. M21 summed this up as follows: “There has to be
someone overseeing work directing or quarterbacking the situation in every trauma or every
code situation that we have.” There was some discussion regarding who should lead the
team and on what basis, including several comments from participants from different
disciplines regarding how the leadership role was assumed by one or both physicians. From
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a physician’s perspective, M11 described how it seemed to be expected that the physician(s)
would take on the leadership role of the group, “well [M12] and I are emergency room
physicians so we just so we just assumed jointly… the role of team leader at that point.”
M21 felt that, “people who … would take the most responsibility for… patient care, would
be in charge,” and that, “I thought the responsibility fell to myself and my co-resident.” One
of the nurses, while agreeing that physicians are usually the team leaders, reported that this
can lead to conflict: “unfortunately we have to follow the physician’s orders. If you’re
looking from a nurse-physician perspective, they [physician’s orders] pretty much guide
you… Sometimes there can be a head-butt there” (N12).
There were differences between disciplines regarding how well the leadership role
was performed. While the non-physician participants (i.e. nursing, pharmacy) generally felt
there was clear leadership by the resident physicians, the physicians in the first two cohorts
felt differently. The pharmacy resident in the first cohort reported how the EM residents
assumed clear leadership of the team: “I think that the ER Residents, they quickly took the
role of, like the leader as they would normally in a typical simulation or code like
situation…, so they kind of fell into that leadership role naturally I think”. N11 agreed that
the group had a leader, “who is actually taking charge, but definitely listened to the group as
a whole as to what was going on.” These descriptions contrast with the comments of the EM
residents in the first cohort, who felt that their decision to share leadership led to confusion
with regards to who the actual team leader was. M11 reported:
It was a little bit clunky at first. It was hard having two team leaders simultaneously
because I think we both were kind of having trouble, not working off of one another,
but when we’re both having the same thoughts but don’t want to interject over top of
each other, this or that, it was a little bit clunky.
Similarly, M12 described how shared leadership led to two simultaneous plans and
how not having a clear leader was problematic: “We were bouncing ideas back and forth
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and didn’t have a set plan. It was kind of like we had two plans going on and we were
spitting out ideas left and right and would have discussions there within.” While his team
members felt there was clear leadership, he felt that he and the other resident, “should have
made the decision as to who was going to take the lead because we never established that
and it became a bit of a problem throughout… that there is no true leader in the room”
(M12).
This leadership confusion from the perspective of the EM residents was also a
concern in cohort two. In the debriefing session, M21 began with a critique of his role as
team leader: “Firstly, I probably didn’t [do as good a job]… as I should have. I was scatter
brained.” He followed this up by stating that he should have let his EM resident colleague,
“quarterback the whole scenario. That’s the first thing I’d change” (M21). In her interview,
M22 had a similar impression of their joint leadership, commenting that she and her resident
colleague were both bouncing ideas back and forth and that might have been confusing for
the other participants as their understanding and actions may have depended on which of the
two resident they heard. She reported: “I think establishing a little bit better distinction
between the two of us would’ve been more beneficial for the group” (M22). The experience
left her with an increased appreciation for the importance of distinguishing roles among
team members and clarifying the leadership role:
And so from here on out, if I’m ever in the room with another physician, regardless
of whether it’s a resident or attending, just you know, knowing the role that I have
and knowing the role that they have in making sure that we… have good
communication in that regard so that everyone else’s orders and decisions aren’t
confused, like we had in that situation. (M22)
The role of the leader was also distinguished from other team roles with regards to
overall situation awareness in the debriefing sessions and interviews. In the cohort two
debriefing session, one of the evaluators described what happens when the team leader gets
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involved in specific tasks:
•

P: When you’re the team leader, and you put your hands on something, what
happens to your situational awareness of what’s going on?

•

M21: I lose con… I lose…

•

P: That’s fine. You identified it and should have made her in charge [pointing to
M22]. Why should she have been in charge?

•

M21: Um…

•

P: You’re managing an airway. At that point when you’re managing an airway, your
patient analysis, what he’s doing, is gone.

•

M21: It goes…

•

P: I shouldn’t say it’s gone… it’s diminished.

•

M21: Absolutely.

In his interview that followed, M21 reflected upon this situation, providing his perspective.
He recognized that being directly involved in a patient care task, especially one as
demanding of attention as intubation, caused him to lose focus with respect to the overall
care of the patient, stating, “At that point I lost track of what was going on on the monitor
and the overall situation of the room… at that point of intubation I lost control of being the
leader.” This concern was shared by his colleague M22 who stated, “At that point where we
made the decision to intubate, my co-resident was managing the airway. That’s when I think
I could’ve done a better job in stepping up to the leadership role.” Their concerns support
the role of the leader as overseeing all information and ongoing tasks without getting too
caught up in any specific task. This was consistent with the actions of the team leaders in
cohorts one and three as well, in that all participants in each cohort were actively involved
in direct patient care actions, but this was the clearest example of the loss of overall
situation awareness through direct action.
The effect that the experience level that team members and leaders had on team
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performance was discussed from a number of perspectives. Participants discussed the effect
experience had on confidence and the willingness to contribute, as well as the ability to
collaborate effectively with other team members. They discussed how the increased patient
experience would allow them to reflect upon the actions taken and the resulting outcomes in
previous similar cases. Both the quality and quantity of communication was discussed, as
was the relationship between experience and power within teams.
Seven participants (N11, N12, M11, M12, P1, M21, M22) interviewed commented
on how experience shaped the understanding and proficiency of professionals in their
healthcare team roles. Reflecting on the her many years working as a nurse, N12 described
how her experience has allowed her to be more involved in the activities of healthcare teams
and better prepared to take on complicated tasks, and that as a more junior nurse she was,
“probably looking for more guidance from the physicians and from the other discipline as to
what they needed”. In comparing her participation in the two simulation activities, she
reported that in the simulation ten years before, she was less confident and, because of that,
less involved in the simulation activities, relying more on directions provided by others. She
also felt that she, “may not have been able to recognize the signs and symptoms or [know]
what to do” (N12), which would have also limited her ability to contribute to the team. On
observation of her team’s performance during this research, her knowledge level and
confidence was evident in that she was the first to approach and interact with the patient,
initiated conversations regarding concerns as they arose, and provided direction to the more
junior nurse as needed. Her confidence and contributions to the team were readily apparent
as described in the following observation from shortly after cohort one entered the
simulation room:
N12 & N11 enter the room and walk to the patient’s left side (PLS). N12 gently
touches the patient’s left arm, speaks to him and then turns to ask a question of the
group. N12 really initiates the team activities. After she touches & speaks to the
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patient the rest of the team becomes engaged.
From the position of senior resident, M31 also discussed the correlation between
experience and comfort reporting that the experience gained in the two years as a medical
resident had provided an increased level of comfort in dealing with patients and other
healthcare team members, as well as directing care as a team leader. She felt that her ability
to get an initial impression of a patient had improved as had her competence in directing the
activities of a health care team.
As a beginning resident looking into the future, M11 felt that experience would
increase his confidence and allow him to have a better understanding of the team. He felt
that experience would provide him a better appreciation of the functioning of the team
overall and that he would not need to be so focused on the activities that he was individually
responsible for. “So, having a greater command of the system, as opposed to just my role
within the system is what I hope is better within 3 to 5 years” (M11). Gaining skills in
dealing with patients and directing care in the role of team leader is something M22 also
commented on, reflecting on his participation as a junior member, as well as his
observations of the team leaders, in real-life situations involving interprofessional health
care teams. He felt that patient care was improved with the increased knowledge base of the
leader, clearly defined team member roles, and a leader who is not afraid of directing the
activities of the team. Similarly, M12 felt that gained patient experience provided reference
points for the care of future patients would improve the efficiency of team-based patient
care:
I think kind of the whole process would be smoother and that’s solely based on just
gained experience over the next couple years… that process would be much more
streamlined and may come a little easier… I’ll have past patient experience to fall
back on, like you know, I had a patient like this before and this is what we did and
this is the outcome we had… I think I would just be much more efficient in assessing
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the patient and developing a treatment plan in the end.
The effect that experience had on team communication was approached from
different perspectives by participants. M22 felt that increased experience among team
members, both individually and working as a team would decrease the amount of direct
communication that was needed for effective patient care. Given her observations working
with “seasoned veterans”, she felt they had an increased understanding of not only their own
role within the team, but also how their actions needed to be integrated with those of other
team members, and that much of that came more naturally, without the need to
“communicate each time who’s going to do what… Everybody falls into place in that they
know what their role is going to be” (M22). Similarly, M12 felt that with greater experience,
team members would not need the same degree of communication as less experienced
professionals and would not need to rely as much on others. He suggested that with gained
experience, dependence on others is replaced by the confidence experience brings, reporting
that he felt it was “kind of a natural transition most people make” (M12). That said, he also
felt that something would be lost with decreased communication, commenting that, “I hope
it doesn’t change because I like the idea of being open to other people’s ideas and just
because I have more experience doesn’t mean I’m always going to be right” (M12). He
described how limiting open discussion might restrict potentially important contributions
from others.
Two participants interviewed commented on how increased experience improves
collaboration with other team members. N12 reflected upon her working with the
pharmacist in the simulation scenario to mix the Norepinephrine (medication used for
treating low blood pressure). This is a complicated procedure that requires adjusting the
required dose to the patient’s body weight, considering concomitant medical conditions, and
then determining the rate at which the medication will be delivered to the patient via
intravenous line. She explained how, compared to her first participation in the sepsis
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simulation, her ten years of gained experience improved the efficiency of the collaboration:
“Definitely with the collaboration, with Norepi, being in the younger nurse mode I wouldn’t
have probably known at that point how to mix the drip” (N12). She commented on how
there was a degree of communication and anticipation that improved the accuracy and
efficiency of this complicated activity. Similarly, M12 spoke of how experienced team
members seemed to act autonomously and in collaboration with others. He added that
experienced teams seemed to have inherent expectations of themselves and each other that
allowed for wordless collaboration: “People kind of have that sixth sense; just the
knowledge that this is what the doctor is going to ask for and we’ve already got everything
ready or they’re ready to do it” (M12).
P1 commented on how the practical care of patients often differs from the teachings
in the classroom or reference texts and that experience helps bridge that gap. She felt
experience would provide her with greater comfort and confidence in dealing with patients,
and that part of that increased confidence would be due to a better understanding of the
practical applications of the theoretical knowledge gained in professional school:
I think though that as my experience is increased, I’ll be more comfortable and also,
I think that there’s a benefit with having gained clinical experience. Just because I
knew it’s in the book, that’s not always the way it is in practice and that’s not always
the best case in practice… I’ll have a better understanding of just because it says this
is the first line recommendation, that may not always be the best case, and this might
be better. So, maybe I’ll have better recommendations in the future, just after I’ve
gained a little more experience. (P1)
The roles played by interprofessional healthcare team members were frequently
discussed by this group of participants. There was general agreement regarding the
importance of team members assuming and fulfilling specific roles and which role each of
the health care professionals should take, whether discussed ahead of time or not. Also
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important was the leadership role, although there were different perspectives on how well
leadership in these simulation activities was carried out. In one of the cohorts the loss of
situation awareness due to concentration on specific tasks was recognized and one of the
participants reported that team roles in critical situations in the real-world were considerably
different than what took place in the simulation. Finally, all participants interviewed
commented on the effects gained experience has on the role of team members, especially
those in the team leader role.
Open Communication Improves Collaboration and Decision Making
All the healthcare professionals (nurses, medical doctors, and pharmacists) who were
interviewed for this study (n = 9) commented on the importance of communication in
ensuring effective team-based patient care. Participants discussed how open communication
increased understanding and collaboration among team members and led to a more
comprehensive approach to patient care. Some discussed how communication was essential
for situation awareness and created redundancy that was useful in improving the
effectiveness of care and preventing errors. The quality and quantity of communication,
however, was reported by some participants to vary with the urgency of the situation.
Six of the participants, including all professions, commented that open
communication allowed team members to share their perspectives and rationale regarding
patient condition and decision-making, providing the opportunity for other team members to
critique, as well as, share concerns and suggestions. Speaking generally at the beginning of
the first debriefing session, M11 stated, “Overall, as a team, I think we all worked well.
Everybody brought a little bit… something different to the table and kind of verified things
when they were said and made sure we were all on the same page.” M12, in his interview
summarized how open communication can help identify potentially competing goals and
objectives in developing a more comprehensive approach to patient care: “once it’s known
what your goals are and what their goals are, you kind of continue on with your goals and
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inherit their goals, because you may not have been thinking about what they were thinking
about.”
Three participants, (N11, N12, P1) reported that open communication also led to
increased understanding among team members and expanded the perspectives and
considerations for patient care. N12 noted how this understanding of others’ reasoning
helped even when opinions remained divided:
You might still disagree, but in the end you can kind of see why they took that
approach. Because, for instance, maybe I wasn’t thinking about that. Maybe I was
just single-handedly looking at this and wasn’t looking at something else that might
be affecting what’s going on.
N11 agreed that open discussion increased understanding and that, overall, the physicians on
her team were open to ideas: “If the physician was thinking in a different direction or had a
different idea going… they were pretty accepting of our opinions.” P1 reported that open
communication during team performance not only increased understanding by team
members, but also provided a forum in which decisions, before implementation, could be
critiqued and improved:
What I really liked about it was we all shared out loud thought processes, so we all
knew where we were coming from with that recommendation. So that was nice. I
valued that… If it’s not very clear, you have to talk about it out loud to make sure
you’re not missing anything… Sometimes speaking out loud, another person may
realize you’ve missed something, like you haven’t included this in your
recommendation… [I] think that’s a really good way to better patient care.
This kind of collaborative decision making through open communication was observed in
the following segment of the first simulation regarding the choice of antibiotics. During this
exchange, the team members discussed specific factors from the patient’s history that might
indicate the type of organisms responsible for the patient’s infection to ensure adequate
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antibiotic coverage:
•

P1: Okay, but like no nursing home, no jail, nothing like that?

•

P: No recent nursing home…

•

M12: No recent hospital admissions?

•

P1: No antibiotics use?

•

P: No. Just up the holler. He lives at the head of the holler.

•

P1: I would say just Zosyn… [inaudible]… community acquired… You could even
use cefotaxime…?

•

P: Don’t look at me. I can’t even spell what you’re saying.

•

P1: I would just go with Zosyn for the [inaudible] because of the COPD… but… it’s
your all’s final determination

•

M12: So, what I was going to say, only Zosyn or would you think Zosyn along with
Vancomycin, or just…

•

P1: So, we would add Vanc for MRSA coverage and that is…

•

M12: [inaudible]

•

P1: The only reason why, correct… or if he had had recent antibiotics or… you
could also make an argument for COPD… it’s better to go more broad and then we
can chip away.
From the team leader perspective, M31 reported that having other team members

verbalize their thoughts and suggestions was beneficial, “It was very helpful to have the
team members jump in and say, “hey how about AB panel”, “how about an x-ray”. Just sort
of asking for those specific things.” While M12 agreed that the communication among team
member’s was generally good, he felt that the physicians could have listened more to the
other members of the team, as he reflected that the nurses had been “giving us jabs here and
there” regarding the changing condition of the patient that required reassessments and/or
intervention. He felt that had they “opened their ears a little earlier”, they may have been
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able to address the changing conditions earlier, potentially improving the patient outcome.
Open communication also supported situation awareness, providing a forum to
reflect upon patient status and contemplate interventions and potential outcomes. As M12
mentioned, “we all just kinda stepped back and kinda took a mental review of what we had
done… It was just kind of a moment for everybody to kinda have a discussion.” He added
that this was possible because all team members were able to speak up and voice their ideas.
M11 noted how team members were openly encouraged at times to provide their thoughts
and opinions, and felt that through such discussions, all ideas were brought to the forefront.
Situation awareness in an interprofessional healthcare team environment relies on
open communication by team members regarding any changes in the patient’s condition, as
well as updates on the status of any interventions or actions that care team has undertaken.
M31 commented on the importance of providing these types of updates on clinical activities
and how the lack of such updates can affect patient care. She felt that team members needed
to inform the team leader when any important activities or change in activities, such as
giving a drug or stopping compressions, for the team leader to have an ongoing
understanding of the patient condition.
Open communication among team members also created a redundancy of
knowledge that could benefit patient care as depicted in this exchange, where the knowledge
redundancy among team members aided in the recollection of previous patient orders and
recognition of other needs:
• P: Doc, what else did you order?
• M12: I ordered an ED panel… I ordered a chest x-ray
• P1: Blood cultures
• M12: Oh yeah, blood cultures, but they won’t be back, yeah…
• P1: CBC?
• N11: That’s in the ED panel, right?
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• M12: Yeah, that’s included in the ED panel
• M11: Did we ever get an EKG? We probably should have done that
In this discussion, open communication about what had been ordered led to the recognition
that an additional study, an electrocardiogram (EKG), would also be appropriate. An
example of how redundancy created by open communication prevented duplication of
orders occurred 17 minutes into the first simulation. At that time, the two residents were
looking at lab results together and discussing the possible sources of the infection that had
led to sepsis in the patient:
• M11 (to P): I’ll order a urine
• P: I’ll order that right now.
• M12: I ordered one of those …
• M11 (to M12): Oh, you did?
• M12: Yeah
These examples highlight how the redundancy of knowledge created by open
communication support effective care in a complex and at times chaotic environment.
Open communication allowed different team members to express concerns that
others may not have thought of. In the following example, P1 suggested starting fluid
resuscitation on the patient whose relative hypotension has been identified by the team.
Hearing this, M11 brought up a concern that P1 may have not considered and that might
have affected the plan for fluid resuscitation. In this case the patient's low blood pressure
suggested that fluid support was in order. However, if the patient was in florid heart failure,
as suggested by the presence of edema, adding fluids might make matters worse. By asking
if edema or other findings suggestive of heart failure were present, M11 helped ensure that
adding fluids did not make the patient’s condition worse. By increasing the understanding of
the direction of care and planned actions among team members from different professions,
potential problems and errors can be reduced through open communication and critique.
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Three of the participants interviewed, (M11, P1, M21), also relayed experiences
from the simulation and/or actual clinical experience where lack of open communication
affected patient care efforts. An example from the cohort two simulation highlighted how
failure to communicate an important aspect of the resuscitation led to a delay in effective
care. In the debriefing session that followed the cohort two simulation, the simulation
evaluator pointed out that one of the team members had commented on the need for greater
intravenous access due to the number of medications and fluid boluses that had been
ordered. This, however, was not picked up by the team leader M21 who commented in his
interview, “If someone had called out, 'hey we only have one access, one IV access’ that
would’ve been better for the patient as a whole.” In this case, concerns regarding only one
intravenous access site had been identified early in the simulation but not communicated
effectively. This limited access subsequently delayed the amount of fluid and the
medications that could be administered simultaneously.
In another situation in which information had been offered by team members but had
not been heard or taken into account by the team leader(s), M12 described how in the first
simulation, the nurses had been providing patient information with the suggestion that
action needed to be taken. He felt that if he and his resident colleague who were acting as
co-leaders of the team had listened earlier and more intently, patient care would have been
more efficient. He commented that he learned from that mistake and felt he needed to, “lean
on others a little more if I need help… especially now that I’m kind of new to the whole
acting as a physician and not that of a student” (M12).
These examples, where team members spoke up, but their comments and/or
suggestions were either not been heard or not considered by the team leader(s), highlight the
importance of closed loop communication that confirms that information delivered has been
received and understood. Closed loop communication ensures that all parties in a
conversation share a common understanding regarding the subjects discussed. P1 describes
112

a situation in which closed-loop communication was practiced as follows:
The nurse and I really communicated well back and forth, like she would repeat back
what she was getting ready to administer making sure that the dose was what she
heard, or what I intended, or what also the physician agreed upon (P1).
Therefore, despite open communication, if requests are not confirmed (i.e. closed-loop
communication) actions and hence patient care can be delayed. As further example of this
occurred in the first simulation. The drug Fentanyl, a medication with both analgesic and
sedative properties, was initial suggested for sedation by P1 following intubation of the
patient at the 14-minute mark. The medication was never ordered by the team leader until
sedation was brought up again by M12 at the 18-minute mark. At that point P1 again
suggested Fentanyl which, after a short discussion, was ordered. As the indication for the
medication had not changed, this resulted in a delay in delivery.
In each of these circumstances both parties involved in the communication share
responsibility to ensure that the information is conveyed effectively. Not all the information
shared by team members in carrying out patient care activities will directly affect clinical
decisions but can contribute to the collective understanding that lead to effective decisions.
Two of the participants interviewed reported that communication was affected by the
level of urgency of the situation. P1 commented that the time available in a highly intense
and critical code situation limited the amount of discussion that could take place. In these
instances, where rapid decisions and action are required, she stated, “you can’t really sit and
have a nice conversation… So, I think it would be really based on situation also at hand”
(P1). M31 agreed in her description of how conversations change in an urgent clinical
situation, noting that communication is much more direct:
The only time that that really happens to me is either in the ICU or at a code
situation and when that happens, it’s usually so chaotic that you have to be very,
much more aggressive about your communication. I would have to be much louder,
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much more, you know, “hey I need this” or “hey I need that” or “tell me this” or “tell
me that” or “who’s doing this” or “who’s doing that”. It’s a way more aggressive
situation, but people are usually pretty good about it especially like in a code or a
high intensity situation.
In summary, communication was reported as an essential element of effective team
care by the participants in this study. Most participants reported that open communication
increased the perspective regarding patient care overall and, through collaboration,
improved decision-making. Situation awareness was also enhanced through discussions,
verbal reports, and shared observations. Open communication created important redundancy
that led to more timely care and prevented unnecessary repeated investigations. This
improved patient safety, as did the free expression of concern and critique regarding
proposed decisions that open communication supported.
The Physical Environment Affects Team Communication and Patient Care Activities
Direct observation and review of the video recordings of the simulation activities
indicated that the physical environment supported coordinated access to artifacts, open
communication, and collaboration between team members. As shown in Figure 10, the
patient's bed was centered in the middle of the room allowing the team members to gather in
a semi-circle around the patient. In this configuration, participants could not only interact
independently and collectively with the patient, but could also easily communicate with
each other, both verbally and non-verbally. In the following sequence of activities in the
cohort two simulation, the proximity and semi-circular formation around the patient’s bed
allowed team members to simultaneously perform care related activities both independently
and in collaboration with colleagues:
• N21 grabs the BP cuff from the crash cart & the pulse ox lead from P.
• M22 hands M21 the stethoscope across the foot of the bed.
• N21 hands the pulse ox to M22 who places it on one of the patient’s fingers. N21
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meanwhile works to place the BP cuff on the patient’s L arm.
• N22 hooks the O2 tubing to the wall O2 source.
• N21 & M22 work together to place BP cuff on patient’s L arm.
This interaction highlights how proper positioning of the equipment in the room allowed for
easy access by team members. Access to equipment and team member positioning around
the patient also supported close coordination of activities during complex tasks such as
patient intubation, as was demonstrated in the first simulation:
• M12 maneuvers the ETT in place while M11 inflates the cuff.
• M12 lets go of the ETT & takes the stethoscope from around his neck.
• N11 reaches for the ambu bag & gives it to M12 who pulls off the mask &
attaches the bag to the ETT. He then hands the bag back to N11 while placing his
stethoscope on the patient’s chest.
• N11 squeezes the ambu bag multiple times while M12 moves the stethoscope to
several places on the patient’s chest.
At the eight-minute mark in the simulation involving cohort 1, N12 reports, “Our
oxygenation is decreasing, and our heart rate is increasing,” causing all team members to
briefly stop what they were doing and look up at the wall mounted monitor. Because of the
physical layout of the room, the “horizon of observation” or “functional workspace that an
actor can monitor in addition to performing a specific task” (Rajkomar & Blandford, 2011,
July, p. 347) allowed team members to do this without physically moving from the area they
had been in. Similarly, the physical layout supported situation awareness by allowing team
members to take a step away from the patient to gain full view of all the patient related
information and activities. This is typically done by the team leader, but was best
demonstrated in the first cohort simulation by the pharmacy resident who moved to the foot
of the bed where she could see the entire patient, all of the team members and their current
activities, as well as the patient monitors and supportive equipment. From there P1 asked
115

pertinent questions to different team members but was also in a position to identify team
members requiring assistance and at one point P1 stepped in to help, after which she
returned to the foot of the bed.
The physical environment also allowed for enhanced communication between team
members that included facial expressions, gestures, and physical movements. In the
following interaction, N12 had reported, “’Our oxygenation is decreasing, and our heart rate
is increasing.” This led to N11 moving to the head of the bed to ensure that the oxygen was
on and properly positioned while at the same time causing other team members to stop what
they were doing and look at the patient monitor. Following this, questions were asked by
team members in order to reassess the patient and improve situation awareness. M12 asked
how much oxygen the patient was receiving. When this was answered by N11, P1 asked
about the fluid status of the patient was having received the first liter of fluid. At that point,
N12 corrected P1 by reporting that all of the first liter had not yet been infused, but that it
was running “wide-open” (N12). Understanding that the fluid resuscitation remained
ongoing, M11 addressed the oxygenation concern by asking for a higher concentration of
oxygen be given to the patient by an alternate method. In this case, team members were able
to listen to each other, watch facial expressions and physical actions to both understand and
assist. Another example highlighting the importance of non-verbal communication occurred
when P1 lifted the patient's legs indicating her increasing level of concern regarding his
hypotensive state. This obvious physical act served as a reminder to others that the patient's
condition is worsening whether it was intended as such or not.
The physical layout of the simulation room influenced: access to artifacts and
artifact-based patient information; communication, both verbal and non-verbal; independent
and coordinated activities; team leadership; and situation awareness. Information regarding
the patient’s condition was externalized through electronic monitors, images, and reports in
a manner that provided all team members access and the opportunity to integrate,
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communicate, and act.
Chapter Summary
In this chapter, the four primary findings identified in this study were described
using direct quotes from participant interviews, along with objective reports of observed
actions and interactions between team members, artifacts, and the physical environment.
The use of participants own words during the simulation activities and the post-simulation
interviews was intended to increase reader confidence regarding the accuracy of the events
that took place.
The first finding of this study was that mediating artifacts provide essential
information and support for patient care. All participants interviewed commented on how
artifacts supported monitoring the patient’s status along with changes to the status either
expected or unexpected, and how this information alerted team members to potential
concerns and contributed to decision-making. Artifacts were also seen as a focal point for
initiating discussions, reassessment, and collaboration, but could also potentially limit or
delay care depending on access. The second finding was that of understanding how team
roles affects team performance. Roles of each profession were generally understood and
taken on in a manner consistent with each specialty either by planning before the start of the
simulation session, or spontaneously at the start of the session. This included that of the
team leader, and loss of situation awareness by the team leader was recognized as a risk
should they become directly involved in complex tasks. Experience was felt to affect both
the understanding and performance of roles, including that of the team leader. The third
finding was that open communication improves collaboration and decision-making as it
increased perspective and situation awareness. Open communication was felt to create
important redundancy concerning patient care knowledge with the potential to improve
patient care efficiency and safety. The fourth finding was that the physical environment
affects team communication and patient care activities, as it influences access to artifacts
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and artifact-based patient information, communication, both verbal and non-verbal,
independent and coordinated activities team leadership, and situation awareness. External
representation of the patient information provided all team members access and the
opportunity to integrate, communicate, and act.
The following chapter will further analyze the findings and interpret the findings
with regards to the research questions.
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CHAPTER FIVE: DISCUSSION
Introduction
My study set out to explore methods for evaluating interprofessional team
performance given the growing role of teams in patient-care decision making and concerns
regarding avoidable medical errors. The intent was to expand the unit of analysis regarding
team performance assessment using a distributed cognition theoretical framework to explore
aspects of team-based care scenarios not taken into consideration by methods that focus
primarily on human performance measures. By expanding the unit of analysis to include
mediating artifacts, the communication between human actors and these artifacts, along with
the supportive care facilities and environment, this study examined the contributions these
factors had on the decisions and the delivery of patient care.
In this chapter, I address the research questions regarding interprofessional team
communication and decision making. This study used a high-fidelity simulation
environment and qualitative inquiry to gather information from multiple sources using a
case study methodology. The following research question and sub-questions guided the
discussion:
How does distributed cognition contribute to and influence interprofessional
healthcare team decision making?
1. How does the physical environment support interprofessional healthcare team
communication and decision making?
2. With distributed cognition, how does information flow within interprofessional
healthcare teams and how does that flow contribute to decision making?
3. How do mediating artifacts (e.g., lab results, patient monitors) support cognition in
interprofessional healthcare teams?
The three research sub-questions explored different aspects of a distributed cognition
perspective with regards to interprofessional team decision making. The first focused on the
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contributions that the physical environment in which patient care took place had on the
communication and decision making of the team. Key elements identified in this study
regarding the effects of the physical environment were the importance of visual fields and
horizons of observation, the creation of redundancy, the proximity to data sources, and the
mobility of team members.
Physical Environment Influence on Communication and Decision Making
The physical layout of the room (Figure 10) encouraged the care team to form a
semi-circle around the patient’s bed, allowing team members to keep the sources of
information within their horizon of observation as described by Blandford and Furniss
(2006). Communication of information within the interprofessional teams began with the
identification of information from primary sources that included the patient, the patient’s
chart, patient monitors, lab reports and other investigations, but also from the minds of the
team members themselves as they called upon their prior knowledge, training, and
experience. This information was presented and communicated in different forms, both
direct (e.g. verbal, written, electronic readings, electronic signals) and indirect (e.g. physical
actions, facial expressions, gestures). The physical layout of the room allowed all
participants to view each other and the electronic sources of information for most of the
time during the simulation sessions.
The open field of vision the team members had given this layout also helped them
maintain their awareness of the overall patient care efforts. On the occasions when a team
member’s field of vision was limited due to physical positioning (e.g., searching through the
crash cart) and/or focussed attention on a specific task (e.g., intubation), their access to the
various information sources available was restricted as was their awareness of other
activities directed toward other aspects of the patient’s care. These findings are consistent
with the space and cognition principle reported by Rajkomar and Blandford (2011) where
physical space affords opportunities to better share and understand available information.
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The physical environment provided redundancy regarding patient information and
the activities of team members. This redundancy had the potential of increasing patient care
efficiency and reducing errors through the sharing on known information. Open
communication among team members and the expansive field of vision the physical layout
of the room provided, allowed team members to jointly receive patient care related
information. When such information was required for subsequent actions or decisions,
having multiple team members as repositories of that information increased the team’s
efficiency and accuracy. Adding to this redundancy was the information capacity and
presentation of patient data provided by mediating artifacts, a finding that will be discussed
below.
Proximity to the patient and the rest of the care team members and to the equipment
was important in both the communication of information and collaboration on patient-care
activities. While communication of information was important in team-based patient care,
the amount of communication could be overwhelming. Some tasks or decisions did not
require the involvement of all team members, a situation described by Stoner (2015) as
minority decisions. Proximity allowed two or more team members working on a specific
task to communicate verbally and non-verbally and to act in a collaborative fashion without
the need to involve other team members whose efforts regarding different aspects of patient
care remained undisturbed.
Movement of team members was noted during the simulations. The physical layout
allowed for movement of team members around the patient bed and behind to the crash cart
without disturbing others. The arrangement of the patient bed and monitoring equipment
ensured that such movement did not interfere with the ability to view the patient, other team
members or the monitors. The only exception was the positioning of the crash cart behind
and to the right of the patient’s bed, from which point the viewing of monitors and patient
care activities was restricted.
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The physical environment then, supported the identification of patient information
from a variety of sources and the communication of information amongst team members.
Team members were able to view the patient, the monitors and patient-care equipment, and
their team colleagues. Positioning of team members in a semi-circle around the patient’s
bed, along with the positioning of two patient monitors, provided each of the care givers
enough of a visual horizon for the efficient gathering and communication of clinical
information. In this way, multiple team members had access to the same information
creating both analytical opportunities and redundancy of patient related information. The
space around the bed allowed two or more team members to be in close enough proximity to
communicate and collaborate regarding specific tasks without disturbing the rest of the
team. There was also ample room for team member movement without disrupting the
activities of others. The physical layout then, supported information discovery,
communication, and analysis allowing for better informed team decisions. The findings in
this study supported the distributed cognition perspective that “those things that can be
physically heard, seen and accessed by individuals have a direct impact on their cognitive
space and hence will shape, empower and limit the calculations that individuals perform”
(Blandford & Furniss, 2006, p. 29).
Distributed Cognition – Flow of Information that Contributes to Decision Making
The second question explored the flow of information within an interprofessional
healthcare team and how this affected decision making. From a distributed cognition
perspective, this involves interactions between human actors, but also between human actors
and mediating artifacts (Hutchins & Klausen, 1996). This section will describe three
findings from this study including barriers to effective communication, how a distributed
cognition perspective helps provide unique roadmaps to understanding decision making, and
how including mediating artifacts when considering meaningful task interdependencies
within teams provides greater insight into team communication, as well as coordinated and
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cooperative activities.
Potential Barriers to Effective Communication
Information flow, both the nature and volume, are affected by several factors
including professional disciplines, levels of training and experience, team familiarity,
leadership, and the level of urgency. In this study, it was clear in both the participant
interviews and the observation of the team activities that the discipline and roles of
participants affected communication. While the communication during, and comments after,
the simulation sessions indicated that input from all team members was generally sought
and contributed to decision making, there was evidence to support that professional
hierarchies may have affected team performance. Nurses and physicians acknowledged that
there were occasions where the former had shared information that was not acted on by the
latter. There were several other occasions where information or concerns raised by nonphysicians on the team were not effectively communicated or acted on by team leaders. That
said, there were also many instances where team members from different disciplines
effectively communicated and coordinated activities. The difference seemed to be whether
the information content was specific to the discipline (e.g. medication dose from the
pharmacist, intravenous fluid rate/volume from the nurses) or general comments regarding
the patient’s condition. The physician team leaders seemed more likely to seek out or act on
information that was specific to the other participant’s discipline. Lingard et al. (2012)
reported that decision making in interprofessional teams can be affected by professional
discipline-based hierarchies that effectively distinguish among team members with regards
to, “those who can offer input (all team members) and those who actually make decisions
(usually the physicians)” (p. 1764).
The level of a participant’s training and experience affected the willingness to
contribute to team conversations. Nursing participants who were relatively new to their
profession were less inclined to engage in patient-related discussions or initiate care. This
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may have been due to lack of experience or understanding of the complexity of the situation
or fear that their comments or actions might be misguided. This behaviour amongst nursing
participants was in sharp contrast to that of the physicians, most of whom had only recently
begun their residency training yet were serving as the team leaders. In these cases, the
expectation of leadership forced these physicians to take on an unfamiliar role with regards
to communication, actions, and decision making. This contrasting level of engagement
amongst team members from different disciplines suggests variations in expectations and,
along with the concerns regarding disciplines and roles mentioned above, that power
hierarchies can develop amongst interprofessional teams regardless of relative experience
levels. These findings are consistent with Lichtenstein, Alexander, McCarthy, and Wells,
(2004) who found that status differences based on any number of characteristics including
age, discipline, and experience could impede the participation of team members of lower
status despite equal commitment to team goals. Janss et al. (2012) described how
perceptions of relative power within healthcare teams can affect team member’s,
“motivation to speak up or to engage in help-seeking and perspective-taking behaviours in
the actual task, which may, in turn, impede communication and coordination processes” (p.
844). Gilardi, Guglielmetti, and Praventtoni (2014) similarly noted that power relationships,
that can result between disciplines, can affect team relations and ultimately the quality of
patient care. Finally, Boreham et al., (2000) reported that such divisions relating to
profession and status led to communication errors and potentially to critical incidents.
Some of the communication and task interdependent challenges identified in this
study were due, in part, to the ad hoc nature of the teams and the relative unfamiliarity team
members had with each other. Participants in this study commented on familiarity as being a
factor regarding the openness of communication and how unfamiliarity may have created
hesitancy in speaking up. There were a number of occasions where important information
known by one team member was not effectively communicated to the team leader and
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therefore could not contribute to decision making. This was consistent with Burke et al.
(2004) who reported that while providing patient care through interprofessional healthcare
teams had the potential of expanding the scope and depth of knowledge available to address
patient concerns, it also introduces challenges regarding the communication of information
that affect decision making. The effects of unfamiliarity are of particular concern for ad hoc
teams in acute care settings where time and severity of illness are paramount (Janss et al.,
2012).
Comments from participants regarding leadership was generally positive, but further
exploration of the simulation activities and participant reports identified several concerns
that were indicative of interprofessional team communication challenges. In all cohorts, the
physicians assumed the role of team leaders and were involved in all significant decisions.
While the decision for physicians to assume the role of team leaders in all cohorts studied
may simply reflect general scope of knowledge, it might also reflect an institutional or
cultural norm and/or an underlying power hierarchy. Apart from the simulation sessions
involved in this study, comments from several participants, nurses and physicians, indicated
that this hierarchical phenomenon also arose occasionally in the real world of clinical teams.
Both residents and nurses described characteristics of team leaders they had worked with
that limited communication and therefore the potential contribution to decisions.
The nature and amount (i.e. content and volume) of information and communication
that leads to patient-related decisions depends on the time available and the acuity of the
situation (Orasanu & Fischer, 1997). The effect of urgency on the nature and content of
communications was reported by the pharmacy resident in the first cohort when she noted
some decisions needed to be made without the opportunity for prolonged discussion. The
medical resident in the third cohort also reported the differences in communication when
time and urgency are a concern. The communication was described as needing to be more
direct and aggressive, but also that in such circumstances team members were more
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accepting and responsive than they might be in less urgent situations. These changes in
communication patterns were evident in this study as during times of heightened concern,
communication tended to be abrupt, short and involve more direct requests than open
communication, questioning or discussion.
Potential barriers to the flow of information and the effectiveness of communication
within interprofessional teams in this study included professional disciplines, levels of
training and experience, team familiarity, leadership, and the level of urgency. Roles and
expectations regarding disciplines may have created team dynamics or hierarchies that
encouraged communication in some respects while restricting it in others and thereby
limiting the information available for effective decision making. Unfamiliarity amongst
team members created a degree of hesitancy with respect to communication and actions,
while stress and the urgency of situations resulted in a more direct approach to
communication and decision making.
Task Interdependency
While the diversity that exist in interprofessional healthcare teams can cause conflict
and stress among members, engaging professionals from different disciplines in
interdependent tasks helps focus on the overall goals, thus reducing or preventing such
stress (Lee et al., 2014). Evident in this study was the uniting effect that artifacts and the
environment can have on interprofessional teams, positively influencing meaningful
interdependence among team members. The physical environment allows team members to
view the activities of each other thus augmenting communication and coordinated activities.
Patient information arising from, or communicated via, mediating artifacts often had the
effect of uniting team members in discussions, interpretation of information, and
collaborative decision making. Team members often viewed the patient monitor
simultaneously or gathered around lab or radiologic results leading to interactions, as well as
and constructive and complementary interpretations. As the team members in this study
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participated in interdependent tasks, they demonstrated effective communication,
cooperation and coordination of activities as reported by Salas et al. (2008) and efficiency as
described by Thylefors et al. (2005).
Unique Pathways to Decision Making
Simulation training often involves identifying specific tasks, behaviours and/or
outcomes that are expected for the successful completion of a scenario, a process described
as event-based measurement, (Salas et al., 2009). While some tasks or outcomes are
necessarily sequential, others are not and can be arrived at in varying sequences. Including
the effects of mediating artifacts and the physical context into team performance analysis, as
is done from a distributed cognition perspective, broadens the information available in
exploring the unique decision paths teams take in arriving at desired outcomes. This was
exemplified in this study as each cohort took a different path in getting to the completion of
the expected tasks. The time taken to reach decisions regarding the patient’s condition
varied considerably as did the choices regarding the order in which the patient’s growing
concerns were addressed. While the programmed deterioration of the patient’s conditions
did not vary between cohorts, the prioritization of tasks (i.e. pressure support, intubation,
medications) varied considerably. Analyzing each team’s identification and communication
of information, followed by the decision making process provided a unique roadmap of their
decision making. This included the various origins of related information, the different
representations information took from origin to decision, the methods and effectiveness of
communication, and the inclusion/exclusion of available information in the arrival at
decisions. Team-based acute care scenarios are necessarily complex and often chaotic.
Expanding the unit of analysis to include mediating artifacts and the physical context of the
care environment provides greater detail with regards to information identification and
communication, as well as, individual and collaborative task performance and therefore
adds to the richness of team evaluation.
127

In summary, there were several potential barriers to communication identified in this
study including diversity of team members, unfamiliarity amongst participants, power
relationships, and the degree of urgency of care situations. Mediating artifacts and the
physical environments were found to create and contribute to meaningful task
interdependencies that have been shown to reduce task and relationship conflict and
improve team efficiency ((Lee et al., 2014; Sala et al., 2008; Thylefors et al., 2005). Finally,
each cohort pursued a unique path to problem identification, prioritization, and decision
making despite a standardized deterioration in the patient’s condition. Distributed cognition
expanded the analysis of sources and readiness of information, as well as the effects of
human-artifact communication in the interpretation of information and subsequent decision
making.
Mediating Artifacts
The third question focused specifically on mediating artifacts and how they
supported the cognition of an interprofessional healthcare team. In this study, patient-related
information from mediating artifacts was used frequently by participants in recognizing the
patient’s initial condition, monitoring his condition, and identifying both expected and
unexpected changes given the interventions made by the team and/or the progression of
disease. Comments by team members and observation of team activities revealed frequent
references to patient information available through artifacts.
Artifacts were also relied on to determine and/or confirm the diagnoses of severe
sepsis (vital signs reported on patient monitor; lab results) and of pneumonia (decreased
saturations derived from the fingertip pulse oximeter as reported through the patient
monitor; chest x-ray) as the likely source of the infection. Patient related information
derived from artifacts also helped confirm procedural success such as tracheal intubation.
As a source of patient information, this study found that artifacts frequently served
as a focal point around which team members stopped what they were doing, reassessed what
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was being done with regards to the patient’s progress, and make decisions based on the
direction they felt the situation was heading. Artman and Garbis (1998b) described artifacts
as “cognitive catalyzers” (p.5) as they commonly stimulate interpretation and discussion by
team members. Examples of this from this study included times when team members
gathered around paper-based investigation reports and engaged in discussions regarding the
significance and interpretations of the results and what, if any, decisions were needed given
the new information. Through discussions surrounding artifact-based information, team
members were able to share their interpretations, contribute their own prior knowledge and
experience, and both develop and critique potential decision options. In this way, the
interaction between team members and artifacts contributed to a distributed situation
awareness of the patient’s condition as described by Artman and Garbis (1998b).
Wilson et al. (2007) described how the use of cognitive artifacts in this manner
during patient handovers allowed teams to explore processes and potential problems in ways
not possible using conventional methods alone. From a decision making perspective, team
members were able to propose ideas to other team members who possessed both common
and complimentary knowledge and experience without having to act on them. This is
consistent with Boreham’s (2000) description of team members sharing pre-decisions that
can be pooled, compared and integrated with the perceptions and ideas of colleagues and
supported by information stored in artifacts. There were frequent examples of pre-decisions
provided by team members in this study and comments from some that this was an
important process in reaching decisions.
That said, while artifact-derived information was integral to the cognitive system as
a whole, it was insufficient on its own with regards to patient-related decisions. Such
information, whether it was changes in vital signs read from the patient monitor or
laboratory results, required interpretation and integration with other information regarding
the patient’s condition, including individual and shared team member knowledge and
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clinical evidence from the patient. Artifact-derived information, then, engaged team
members, individually or collaboratively, in consideration and integration of patient
information that was available, i.e. catalyzing cognition.
Just as the physical environment, mentioned above, allowed team members to
simultaneously view various information sources and ongoing patient care activities,
thereby creating redundancy of patient related data, mediating artifacts also contributed to
redundancy, as well as serving as a repository of data involved in the care of the patient.
Information provided via artifacts was often shared between team members creating human
cognitive redundancy that helped ensure efficiency and potentially prevent medical errors.
Examples in this study included the recollection of the patient’s weight in order to establish
proper medication dosing, and of prior orders that prevented unnecessary repeated
investigations. Artifacts also stored patient related information in various representations
(electronic, paper, physical equipment) that team members could easily refer to when
individual or group memories failed. This was consistent with the important role
redundancy can have in team performance as described by Hutchins and Klausen’s (1996)
and as described in the hypothetical case of the soccer injury reported by Pimmer et al.,
(2013).
With regards to the cognitive support mediating artifacts provide interprofessional
teams, they can serve as a continuing source of patient related information for monitoring
potential changes in the patient’s condition both in general and specifically following
actions taken by the team. Artifacts can also aid in the diagnosis of clinical disease and in
the decision making regarding therapeutic interventions. Artifacts can serve as cognitive
catalysts, encouraging team members to interact, reassess the patient’s condition and/or
discuss decision options. Finally, just as the physical environment can support redundancy
of patient-related information, mediating artifacts can serve both as the source and
repository of that information.
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How Distributed Cognition Influences Interprofessional Healthcare Team Decision
Making
Through exploration of the three research sub-questions in this chapter, the influence
distributed cognition has on the communication and decision making of interprofessional
teams has been described. Distributed cognition expands the unit of analysis to include the
physical context in which care takes place and the mediating artifacts that contribute to the
performance of the team. The physical environment provides team members a shared visual
field of patient related activities, proximity for communication and collaborative action, as
well as the freedom of movement to efficiently react to the changing needs of the scenario.
Exploring the sourcing and flow of information amongst the team members from a
distributed cognition perspective helps to better identify some of the barriers that can hinder
communication, as well as explore the meaningful task and team interdependencies that
both reduce stress and conflict and improve team effectiveness. A distributed cognition lens
also aids in the delineation of the unique decision pathways taken by different teams, even
when, from an outcomes perspective, the same task and patient care objectives are achieved.
Finally, including mediating artifacts in the unit of analysis when evaluating
interprofessional healthcare team performance expands the sources of information, both
from a primary and redundancy perspective, that are available for communication and
decision making. Artifacts aid in the interpretation of patient related information and
contribute to both diagnostic and therapeutic decisions. As cognitive catalysts, the
availability of patient information via artifacts encourage sharing of interpretations,
discussions regarding care decisions, as well as collaborative, interdependent activities.
Conceptual Framework of Interprofessional Team Decision Making
Returning to the conceptual framework provided in Figure 5, Chapter 2, much of the
framework was experienced in this study. There were many exchanges between healthcare
members of difference disciplines (overlap between colored circles), but while leadership
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was demonstrated in each cohort, it was taken on by physicians regardless of the experience
level of team members. Also, rather than a single leader, in two of the three cohorts, two
physicians co-led the teams. Team leaders were always involved in major decisions while
other team members contributed intermittently, but especially when the decision involved
care that traditionally included their discipline. The interdependent nature of the decisions
was clear at several points throughout the scenarios. An example was the provision of
intravenous fluid when the blood pressure was falling. This stabilized the blood pressure
temporarily and allowed the teams to focus on other concerns (e.g., intubation, antibiotics,
etc.). The bidirectional arrows indicate that the effects of interventions were taken up by
members of the care team, and that this new information contributed to the prioritizing of
actions and further decisions.

Environment

Technology/ Artifacts

Decisions
(Interdependent)

Team Members

Figure 12. Interprofessional team decision making from a distributed cognition perspective
(revised)
It was also clear that artifacts and the physical environment supported team
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cognition and decision making (bidirectional vertical arrow). That said, there were no
instances where artifacts played an autonomous role in decision making (bidirectional
broken arrow in figure 5, chapter 2), as the information provided by mediating artifacts
required interpretation by one or more team members in order to inform decision making.
While there were suggestions as to the professional and institutional cultures, these were not
a focus of this study and therefore were not directly explored. Figure 12 depicts the revised
conceptual map.
Chapter Summary
This chapter explored the findings from this study with respect to the research
questions regarding interprofessional team communication and decision making. The larger
question of how distributed cognition contributes to and influences interprofessional
healthcare team decision making was answered through the analysis of the three related subquestions. The physical environment was found to support communication and decision
making through the provision of visual fields and horizons of observation, the creation of
redundancy, the proximity to data sources, and the mobility of team members. A distributed
cognition framework expanded the assessment of communication and the considerations of
information flow leading to decisions. Barriers to effective communication were identified
and explored, as were the unique roadmaps that each cohort took to achieve the various
patient outcomes necessary. A distributed cognition perspective also aided the analysis and
effects of the communication and coordination necessary to carry out interdependent tasks.
Finally, the analysis of mediating artifacts highlighted their contribution to, and support for,
interprofessional team cognition and decision making. In the next chapter an overview of
the key findings of this study are presented along some of the challenges of conducting the
study, some implications for practice and finally directions for future research.
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CHAPTER SIX: CONCLUSIONS AND RECOMMENDATIONS
Study Summary
This study set out to explore how a distributed cognition (DC) lens might expand the
understanding of knowledge creation and decision making within interprofessional
healthcare teams in critical care situations. While these teams have become increasingly
important as the complexity of care and the new information regarding healthcare continue
to grow, the interactions, communication, and decision making amongst team members, are
the greatest source of unintended errors. This research identified contributions to team
cognition, awareness, and decision making that have not previously been described in acute
care interprofessional team assessment, and that effectively contributed to patient care
outcomes.
The study findings addressed four research questions: (a) how DC contributes to and
influence interprofessional healthcare team decision making; (b) how the physical
environment supports communication and decision making; (c) how information flows and
contributes to decision making from a DC perspective; and (d) How mediating artifacts
support cognition in interprofessional healthcare teams. A distributed cognition lens
highlighted how the physical environment affected access to information, communication
between team members, and the coordination of collaborative activities and decision
making. Including artifacts and the environment in the analysis of information flow,
communication and decision making expanded the opportunities to identify unique paths
different teams take to decision making. Mediating artifacts were found to have a role in
many areas of patient care delivered by interprofessional healthcare teams including patient
monitoring, the formulation and confirmation of diagnoses, as well as serving as cognitive
catalysts encouraging team member interaction and exchange of interpretations and ideas.
Overall, a distributed cognition lens expands the information available for healthcare team
analysis with regards to how information is discovered, communication, used for decision
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making and retained for future reference. Successes and challenges incurred in caring out
this study, as well as, implications for practice, and directions for future research are
presented below.
Successes and Challenges of Conducting the Study
This study successfully followed three interprofessional healthcare teams through a
critical care simulation and, due to some of the similarities and difference between teams,
identified aspects of information identification, communication, decision making and care
that would not have received the same focus using more traditional approaches to team
performance analysis. Information regarding the research questions was sought from a
variety of sources, including direct observation and subsequent analysis of the audiovisual
recording of the simulation sessions, as well as thought interviews with the participants. The
major findings came from confluence of information from different sources, supported by
direct quotes from the activities and participants’ interviews.
There were three key challenges of conducting the study including the use of
simulation as a method of team performance analysis, the difficulties following-up with
busy practitioners for data collection, and the overall volume of data gathered and analyzed.
First, simulation is a proven method to approach naturalistic study of healthcare teams, but
there are many challenges inherent in removing disbelief, not the least of which is
interacting with a high-fidelity manikin. There were times during this study where teams
indicated the simulation-nature of the activity suggesting that their feelings, behaviors, and
even the communications and decision making processes employed may have been different
from those that would occur in a natural acute care situation.
Second, six of the participants in the simulation activities of this study were not
available for one-on-one interviews and therefore, the information regarding their
participation was limited to the pre-simulation survey, simulation preparation activities,
along with pre-briefing, simulation observation and recordings, along with debriefing
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sessions. The one-on-one interviews were intended to be in-person and the timing of the
sessions, given that the study author had to travel across the country to conduct the
simulation sessions and conduct the interviews, made it difficult to interview all
participants. This was confounded by the varied work schedules of the participants. Were
the study to be repeated, extended time on site and/or the use of Skype or other similar
technology would likely have increased the number of interviews.
Third, there was a large quantity of information gathered, processed, and analyzed in
this study. The original plan was to focus on key decisions and thereby limit the amount of
information requiring analysis. As the processing of the data began, however, it became
apparent that the flow of the information and context of decision making was continuous
and clear break points were not evident. This was compounded by the different routes that
the cohorts took to making key decisions and achieving the important task required for
successful completion of the simulation. Information recognition and interpretation along
with pre-decisions were often made at one point and then held off on until times later in the
session due to changing priorities or simply the complexity of the care challenge.
Implications for Practice
Design of Healthcare Settings
This study highlighted the impact that facilities and the physical environment can
have on team-based treatment of acutely ill patients. In order to facilitate and encourage
situation awareness, fields of view need to be considered in order to maximize sensory
access to patient information. Team members should be able to see monitors and other
patient-care related equipment, as well as see and hear their team colleagues. The
positioning of monitors should allow for early recognition of changes in patient status by
any team member, the communication of such information, as well as for the spontaneous
sharing of interpretations, ideas and proposed actions without requiring team members to
change positioning or location.
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The patent bed should be positioned such that team members can move about,
without obstruction, to gain access to patient care equipment and materials and to participate
in care tasks. There should be adequate spaces available that allow team members,
collaborating in small numbers on specific tasks, to gather without obstructing the flow of
others, while still being able to access patient information and communicate effectively with
colleagues.
Interprofessional Healthcare Team Training and Evaluation
Team training and evaluations should incorporate the effects that the physical
context of care and mediating artifacts have on team-based patient care. Given the
variability in cohort paths to decision making and patient care actions reported in this study,
recognition of the contributions artifacts and the care environment play in team performance
could be emphasized through a DC approach to team training and evaluation. In this way,
the use and usefulness of artifacts and their effectiveness could be assessed and improved,
as was reported by Lin et al., (2014).
Expanding the unit of analysis using a distributed cognition lens could include
specific instructions, evaluations, and feedback regarding the use and usefulness of
consciously acknowledging artifact-based information and incorporating the physical
environment into situation awareness exercises. While individual situation awareness should
always be stressed in healthcare team training activities, a DC lens can be used to emphasize
distributed situation awareness that includes appreciation of the interactions between human
actors, artifacts and the physical environment in which care takes place.
Investigation of Medical Errors
This study has identified the roles that mediating artifacts and the care environment
can have in the recognition of patient health status, the identification of diagnoses, as well as
in care-related decision making and subsequent analysis of task effectiveness. Both the
environment and artifacts have been shown to augment and support patient related activities
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but have also been shown to have the potential to limit care, either in timing or altogether.
Medical error investigations from a DC perspective would include these factors, expanding
the understanding of the circumstances, information, communication, decision making and
actions of teams with the purpose of making systems changes to limit or eliminate potential
recurrences.
Simulation as a Team Training Modality
While there were concerns expressed during this study regarding the suspension of
disbelief, the use of simulation in this study provided an effective method for exploring
interprofessional team member communication, interaction, and decision making and
identifying variance in practice. Given the difficulties associated with research involving
real-life acute care situations, simulation provides opportunities to train and study acute,
high-risk scenarios, with the added advantages of repetition leading to improved
performance.
Direction for Future Research
Directions for future research follow from the implications mentioned above. Each
implication suggests the affects that DC can have on patient care based on the results of this
study, but further exploration to identify the extent to which, if any, such a perspective could
have are needed.
Design of Healthcare Settings
Carrying out the same team-based simulation scenarios in different care
environments and with varying access to patient-related information derived from mediating
artifacts would increase the focus on the effects these attributes have on team effectiveness
and performance. Using a study design that would involve simulation scenarios in different
care environments and would have several interprofessional healthcare teams rotate through
the scenarios in different orders, would help highlight and characterize the effects artifacts
and the physical context of care play in team performance.
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Interprofessional Healthcare Team Training and Evaluation
To evaluate the effectiveness of incorporating training in distributed cognition and
distributed situation awareness into team training design, interprofessional teams could be
evaluated in simulations given before and after such instruction. The instruction could
include pre-simulation education regarding the theoretical and practical insights that
distributed cognition can have on team interactions, communication and decision making.
Simulation de-briefing could then focus, at least in part, on how the environment and
artifacts affected team performance, and repetition could allow teams to further incorporate
a DC perspective on their actions and activities.
This research identified unique paths taken by different teams in achieving common
performance outcomes. Distributed cognition provides a method for deeper exploration into
the relative effectiveness of each path and in so doing may indicate changes to training
methods that emphasize and guide teams towards more effective care paths. How patient
related information is discovered, communicated, interpreted and prioritized could be
advanced using a distributed cognition approach.
Investigation of Medical Errors
Given the high degree of interest in the analysis and prevention of medical errors,
many medical errors have been sufficiently documented to sustain further analysis from a
DC perspective. Such analyses could identify advantages, if any, that a focus on the physical
environment and mediating artifacts might have in understanding where and how errors
originated and progressed.
Simulation as a Team Training Modality
Future research using simulation to study acute care team-based performance from a
DC perspective could benefit from increasing the naturalistic design of scenarios that might
include the incorporation of standardized patients and conspirators, in addition to expanding
the scenario duration to allow for all investigations and patient related activities to occur in
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real-time. This could also involve more complex simulation scenarios involving larger care
teams at different levels of training/experience.
Conclusion
This study set out to explore how a distributed cognition perspective might expand
the understanding of key components of interprofessional healthcare teams performance in
an acute care environment. A case study methodology was used that incorporated teambased simulation and participant interviews to gather data from multiple sources. The data
gathered supported the idea that the physical environment in which care takes place, as well
as mediating artifacts that gather, display, communicate, and maintain patient information
considerably affect multiple aspects of care and contribute to the team cognition and
situation awareness. As patient care provided by interprofessional healthcare teams is
increasing, yet communication among team members remains a primary source of
preventable medical errors, expanding the unit of analysis when assessing team performance
using a distributed cognition perspective may identify methods for improving care.
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APPENDIX A
Participant Survey
Questions:
1. What is your current role in the University/Hospital?

2. What professional training have you had?

3. What past experience have you had with working in interprofessional teams?

4. What past experience have you had with training in interprofessional teams?

5. What past experience have you had with simulation-based training?

6. What were you hoping to gain through the simulation-based training?

7. How does the simulation training relate to your current clinical activities in the
University/Hospital?
8. Comment on the challenges that your team faced in the simulation activity.

9. Comment on the communication between you and your team members?

10. In what ways did you find the information available from the technology in the
simulation helpful? How did you use it?
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APPENDIX B
Time-Indexed Observation Protocol
Observation Protocol
Events/Activities

Time

Interactions
(verbal, gestures, eyes, etc.)

Recognize decreased O2
Recognize signs/symptoms
associated with sepsis
(time; description of events;
communication)

Recognize signs/symptoms
associated with sepsis
(interaction with artifact;
communication with team; action)

Recognize/consider sepsis
(decreased intake/ambulation;
m/m dry; abdo distended/tender;
extr. cool/cyanotic)

Recognize/identify PMHx
conditions
(NIDDM; HTN, dementia;
hypothyroidism)

Identify/communicate
abnormal vital signs
(hypotension; hypothermia;
tachypnea; hypoxia)

Intravenous access
(Recognize/communicate need:
establish pump; perform)

Labs & blood cultures
(Recognize/communicate need:
establish pump; perform)

IV Fluids – push

167

Artifacts/Environment

Actions

(Recognize/communicate need:
establish pump; perform)

Intubation
(Recognize/communicate need:
establish pump; perform)

Respond to blood sugar
(Recognize/communicate need:
establish pump; perform)

Broad spectrum antibiotics
(Recognize/communicate need;
get access; prepare meds;
perform)

General
observations/comments
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APPENDIX C
Semi-Structured Interview Protocol
1. Introductions
2. Discussion of the study
3. General reflection on the simulation as the participant recollects it
4. Personal feeling/emotions related to participation in the simulation
5. Recollection regarding team and role formation and function
6. Recollection regarding information gathering and communication among team members
7. Process(es) of decision making among team members
8. Recollection of conflict and collaboration
9. Comparison/contrast with real life teamwork on acute care situations
10. Compare/contrast leadership in simulation with real life
11. Effects of experience (past – reflection; future – prediction)
12. Effects of patient care equipment, information resources, and physical environment
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