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ABSTRACT
The similarity of team members’ mental models regarding clinical tasks is likely to
influence teamwork effectiveness. There are currently a number of approaches to measuring
similarity. However, they have not been applied in the complex environment of the operating
room (OR), where professionals of different backgrounds must work together to achieve
optimal outcomes for patients. This thesis had three objectives: 1) to develop a new empirical
method for assessing the similarity of mental models in surgery, focusing on laparotomy; 2)
to begin the process of validation of the new approach; and 3) to demonstrate how the new
approach could be used in clinical practice.
The first objective was achieved by developing a software application (Momento) to
sort key tasks in order to capture the information on mental models regarding task sequence
and responsibility. Momento was developed through an iterative process including literature
review, exploratory observation and expert opinion.
The second objective was achieved by examining the specific assumptions underlying
the validity of the Momento approach. Twenty six-person OR teams, each comprising three
subteams (anaesthesia, surgery and nursing) completed Momento prior to two simulated
emergency laparotomies. Participants sorted 20 cards depicting key tasks, according to when
in the procedure each task should be performed, and which subteam was primarily responsible
for each task. The following assumptions were tested: a) similarity scores for mental models
would be positively related to team familiarity scores or how familiar team members are with
each other; b) similarity scores for mental models would be greater within OR subteams than
between members of different subteams; c) different statistical measures used to calculate the
similarity scores would yield similar results. The data provided support for all but the first
validity assumption.
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The third objective was achieved by separately analysing data for each key task.
Differences were identified in team members’ mental models for specific tasks for both
responsibility and the order in which they should be performed. This may have implications
for teamwork and patient safety.
The Momento approach could help elucidate and align the mental models of OR team
members and potentially improve teamwork and patient outcomes.
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SUMMARY

Statement of the problem
The increasing complexity of patient care and service delivery has meant that a
multitude of health professionals and healthcare teams are now likely to be involved in the
various stages of a patient’s care. Teamwork is therefore central to patient safety. Recent
research has revealed that inadequate or problematic interactions between health
professionals, rather than a lack of clinical skills, are likely to influence performance
effectiveness and failures in medical treatment1-5. The Quality in Australian Healthcare Study6
found that 16.6% of all hospital admissions were associated with an adverse event that was
caused as part of their medical treatment, which resulted in disability or a longer hospital stay.
More than half of these were deemed preventable. The resulting disability was permanent in
13.7% of the adverse events, and in 4.9% of cases, the patient died. In New Zealand, 12.9% of
screened inpatient records from 13 hospitals providing acute care revealed an adverse event
which caused an average of 9.3 extra days of hospital stay7, 8. Similar findings have been
reported elsewhere around the world9-12. Critical events and inadvertent injuries caused by or
resulting from medical treatment are often related to breakdowns in the quality of teamwork,
such as in communication and coordination1, 13-16, particularly information loss17, and
difficulties in discussing errors5. The results of studies on the incidence of adverse events in
hospitals show that the operating room (OR) is the most common hospital site where adverse
events occur, often with serious consequences18, 19. It is a complex and dynamic setting, where
poor information sharing and other aspects of teamwork have been found to negatively affect
patient outcomes20-22.
Healthcare teams, including the ones working in the OR, are typically multidisciplinary,
characterised by interactions between professionals of different training backgrounds,
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expertise and experience, and demanding a high level of coordination within and between
team members23, 24. Professional groups (for example, doctors and nurses), as well as
specialty groups within professions, appear to favour different approaches to teamwork and
these differences can create inter-professional barriers to communication25. As a consequence
of their different educational and socialisation experiences, different professional disciplines
are thought to have each adopted a different internalised set of basic concepts, approaches to
their work, methods of enquiry, observational categories, and general ideas of what
constitutes a discipline26. This internal representation of reality is also known as the person’s
“mental model”27. Within a team, each member will have a set of his or her own mental
models. For example, each individual may have a mental model of the situation and the plan,
a model of when various tasks should be done, and a model of who should be responsible for
each task28. These individual preconceptions can get in the way of understanding the opposing
discipline’s point of view and hinder interdisciplinary work and communication. To be able to
truly engage in interdisciplinary teamwork, team members need to share, at least to some
degree, their mental models26. There is likely to be a core body of information that must be
shared by all key players if teamwork is to be consistently effective29. The extent to which the
component parts of mental models of individual members of a team overlap (like the common
intersection of several circles on a Venn diagram) has been called the team’s “shared mental
model”30, 31. Shared mental models have been defined as team members’ similar or shared
understanding of relevant knowledge, such as knowledge about aspects of their common work
or each other’s tasks30, 31.
The focus of this thesis was on shared mental models of multidisciplinary OR team
members in relation to some of the team’s key tasks and responsibilities related to surgery.
Specifically, the aim was to capture the information on the extent to which members of OR
teams agree on their key tasks in laparotomy – both in terms of the sequence in which they
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should be undertaken, and who should be primarily responsible for each task. Having
compatible mental models means that all team members are ‘‘on the same page’’ with respect
to how common tasks are to be performed, and are able to anticipate and predict each other’s
needs32. This is thought to be the cognitive basis of the smooth and effortless coordination
observed in many expert teams in high-intensity environments32.
Theoretical models of teamwork such as the input-process-output (IPO) model describe
shared mental models as prerequisites for successful teamwork. They are seen as driving team
processes that lead to effective team performance, with more recent models depicting shared
mental models as being shaped by team processes during and after performance33-35. An
expanded version of the IPO model includes antecedents of shared mental models, such as
characteristics of individual team members. However, these factors are often neglected when
the relationships between shared mental models and the outcomes of teamwork are examined.
In particular, there are contradictory findings on the relationship of one such antecedent and
shared mental models, the extent to which team members are familiar with each other, and
team performance. The relationship between team familiarity scores and scores indicative of
shared mental models in OR teams was thus examined in this project.
The IPO model is applicable to the healthcare setting, including the OR. In the OR, the
differing views of the situation and differences in understanding of key roles and
responsibilities of different team members may be particularly detrimental during crises,
when the time for planning a coordinated approach is limited36. Time pressures, ambiguous or
incomplete clinical information, and changing team composition, can all add to the demands
of each role. This can affect the OR team’s ability to adapt to unexpected challenges and may
ultimately affect patient safety5, 17. Thus, it seems logical that teams in healthcare would
benefit from sharing to some extent a mental model of the key tasks and of responsibilities.
However, it is less clear just how similar the individual mental models of the OR team
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members should be, in order to yield optimal teamwork and performance. I propose that the
degree of similarity of mental models in a team would depend on the type of team. For teams
with less specialised roles whose every member can perform every other team member’s
tasks, such as in aviation teams, the team would benefit most from having a large overlap of
their individual mental models. For teams such as OR teams, however, roles of individual
professionals are mostly not interchangeable (for example, the roles of anaesthetists and of
surgeons), and successful completion of the team’s tasks would not be possible without
relying to some degree on individuals’ specialised knowledge and expertise. Consequently,
we would not anticipate a complete overlap between mental models of individuals in a
multidisciplinary team related to a particular aspect of their work. Because of their ability to
coordinate their actions based on both overlapping and unique professional knowledge such
multidisciplinary teams can cover a wider skill domain and complete more complex tasks
than teams consisting of members with less specialised roles.
In addition, each team member will have multiple mental models regarding different
aspects of their work. The Venn diagram analogy used previously in the context of shared
knowledge in sports teams35 can be used to illustrate the concept of a shared mental model of
a specific aspect of a team’s work. In Figure 1, each circle in the diagram would represent a
mental model regarding that single aspect held by a team member. The area of overlap (or
intersect area) between all the circles would represent the team’s shared mental model about
that aspect of the team’s work. In teams with less specialised roles, we can expect a large
overlap between the mental model of team members. For teams with highly specialised roles,
however, the overlap between the mental model of each team member would be smaller.
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Shared mental model

Figure 1. A conceptual diagram illustrating the concept of a team’s shared mental
model about a specific aspect of their work (see text for a full explanation).

Professionals in an OR team have different backgrounds and areas of expertise that
shape each of their mental models representing a specific aspect of the team’s work. These
differences are represented in the diagram by the areas of each individual circle that do not
overlap. The size of each circle will vary depending on the breadth of expertise of the
professional that shapes the mental model the circle represents. For OR teams, it may be
optimal that the mental models of individual experts regarding an aspect of the team’s work
be only partially shared, rather than identical, as tackling a highly complex task such as
surgery would not be possible without relying on multidisciplinary expertise.
Empirical research in fields other than healthcare has confirmed the importance of
shared mental models for the performance and processes of teams37-40. Research on shared
mental models in healthcare teams, however, is scarce41. Most prior investigations outside of
healthcare have been conducted within the military domain42-45 or on team dyads, often
comprised of students exposed to computer simulations of military missions46, 47. Studies in
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the OR tend to focus on individual professional groups, such as anaesthetists48-50. This lack of
empirical research on mental models in healthcare has been attributed to the lack of
measurement procedures appropriate for settings as complex and dynamic as, for example, the
OR41. In the context of OR teams specifically, there has been calls for more research on
shared mental models, to describe them systematically and to test the suggested link between
shared mental models and surgical outcomes51.
A technique to elicit and represent mental models is a central requirement for mental
model research. The biggest hurdle to the progress of research on shared mental models has
been the lack of validated measurement tools32, 40, 52. At present, it is possible to capture a
representation of an individual’s mental model, as for example, a series of steps a person
understands are needed to complete a specific task, or a hierarchy of roles in a team as
perceived by an individual. There is however no standard way to compare the individual
outputs of several people – for example, the members of an OR team.
Contemporary conceptualisation of validity of measurement sees the process of
validation as an ongoing matter, reliant on the accumulation of various types of evidence that
would support validity. Consequently, another aim of this project was to begin the process of
validation of the new tool for assessing mental models in teams.
Research on shared mental models could help in pinpointing areas of disagreement in
teams, and in tailoring training strategies to promote shared understanding of the key steps in
the processes that take place in the OR36. This would be expected to improve cooperation
between members of inter-teams and thereby improve the teams’ performance. This in turn
may contribute to reducing error in surgery53.
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Therefore, the overall aim of the research presented in this thesis was to develop and
validate a new approach to the assessment of shared mental models in multidisciplinary OR
teams.

Research objectives, methodology, and key findings
This project was conducted in the context of the Multidisciplinary Operating Room
Simulation (MORSim) study, a larger body of research aimed at examining various aspects of
teamwork in the OR (Australia and New Zealand Clinical Trials Registry ID
12612001088831). As part of the MORSim project, 20 complete OR teams (comprising 120
healthcare professionals in total) from general surgical ORs at two large teaching hospitals in
the Auckland region were recruited. Each team included: a consultant and a junior surgeon
(surgical subteam), a consultant anaesthetist or senior anaesthetic fellow and an anaesthetic
technician (anaesthetic subteam), and two nurses (nursing subteam). In each case these were
team members who worked together in the same professional roles from time to time at local
hospitals. Each team participated in a series of simulated emergency scenarios in a simulated
operating room at the University of Auckland’s Simulation Centre for Patient Safety. Two
scenarios served as a vehicle for my project. Scenario 1 was a laparotomy for an abdominal
stab wound and scenario 2 was a laparotomy for a perforated viscus. These were presented in
random order to control for time of day and order effects.
My project had three specific objectives. These included:
1) Tool Development - developing a new empirical method for assessing shared mental
models in surgery,
2) Tool Validation - validating the new method by examining the specific assumptions
that would support it, and
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3) Tool Application - demonstrating how the new assessment method can be used to
support clinical practice.
Tool Development
The first objective was achieved through a step-by-step approach that led to the
development of a task sorting tool for capturing individual mental models of OR team
members of the sequence of key tasks related to the two clinical scenarios in the MORSim
study. The tool was also designed to capture the information on who is primarily responsible
for those key tasks. In addition, the development process involved an exploration of the
different ways to calculate the degree of similarity of mental models of task sequence and
responsibility for tasks in the OR team. The approach was informed by several studies40, 54-56.
A number of tasks to be considered for possible inclusion in the task sort were identified
based on exploratory observations of tasks, roles, and dynamics of OR teams during 10
relevant clinical cases. Subject matter experts (SMEs) selected tasks relevant to the two
MORSim study scenarios. These were then narrowed down through an iterative process to a
list of 21 tasks for each scenario. The findings of the exploratory observations were also used
in the development of the layout of the form in which to sort tasks, and subsequently, the
computer version of the task sort. Based on the feedback from the pilot of the computer
version of the task sort using members of the MORSim research team and a group of OR
clinicians, adjustments were made to the software to optimise its ease of use and functionality.
The final version of the task sorting tool, named the Momento tool, was designed to be easily
customised for other clinical scenarios. It consists of 18 generic tasks common to all
laparotomies, and 2 scenario-specific tasks. When using the Momento tool, participants are
provided with a summary of an upcoming clinical scenario and are then presented with the
relevant set of electronic cards. They are asked to arrange these in the order in which they
should be done and to identify the subteam (anaesthesia, surgery, or nursing) primarily
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responsible for ensuring that they are done. Participants can sort cards in parallel if they think
some of the tasks need to be done at the same time. They can exclude a card, if they believe
the associated task is not required for the successful management of the patient in the
scenario.
As part of the tool development objective, I also explored the different ways in which
the information on mental models held by individual team members captured by the Momento
tool can be compared between team members to assess the extent to which mental models are
shared within that team. At present, there is no consensus on how to calculate the degree of
similarity of mental models within a team. Past researchers have used different ways to
calculate the degree of similarity of mental models tailored specifically to their studies. In my
thesis, I considered several well-established statistical measures of similarity and chose three
to apply to the data gathered in the subsequent tool validation study. For calculating the
degree of similarity of mental model of task sequence within OR teams I used: a) Euclidean
distance; and b) Krippendorff’s alpha for ordinal data. For the degree of similarity of mental
model of responsibility for tasks, I used: a) percentage agreement; b) Fleiss’ kappa; and c)
Krippendorff’s alpha for nominal data. I have named this new approach to exploring and
mapping mental models about specific aspects of surgical operations “the Momento
approach”.
Tool Validation
The second objective was to begin the process of validation of the new Momento
approach. This included testing the link between the similarity scores for mental model and
team familiarity scores, and between similarity scores for mental model and subteam
groupings. The assumption for the former was that OR teams whose members are more
familiar with each other or have worked with each other more frequently in the past are likely
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to have more similar mental models. The assumption related to the latter was that team
members from the same OR subteams (i.e., anaesthesia, surgical, and nursing) would have
more similar mental models of task sequence and responsibility for tasks with teammates
from their own subteam than with members of different subteams. The final assumption that
would support validity was that different metrics used to calculate the similarity scores for
mental models would reveal similar relationships between mental models and team
familiarity, and professional groupings, if they are in fact capturing the same phenomena.
The validation study was conducted during MORSim study days. For each of the 20
participating six-member teams, participants were given written case briefings and time to
read them before starting each scenario. They were then asked to use the Momento tool to sort
the items related to that case.
The findings of the validation study provided partial support for concurrent validity of
the Momento approach. While the link between team familiarity scores and the similarity
scores for mental model was not demonstrated in this study, the findings suggest that overall,
there may be more shared understanding of task order and responsibilities within professional
subteams than between them, regardless of the metric used to calculate similarity.
Tool application
The third objective was to demonstrate how the new approach to assessment of mental
models could be used in clinical practice. For this purpose, the data on mental models
obtained in the validation study were analysed for each individual task in the surgical
procedure rather than for the overall sequence of tasks in each of the MORSim surgical
scenarios. The results of this analysis suggest that while members of multidisciplinary OR
teams had a relatively good shared understanding of the order of tasks in the surgical
procedure, there were substantial differences in their understanding of who should be
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primarily responsible for most crucial tasks in the surgical procedure. Members of the three
OR subteams believed their own subteam was primarily responsible for around half the tasks
in each procedure.

Implications
This research presents the first step towards a comprehensive and flexible approach to
the assessment of mental models in multidisciplinary OR teams, with potential to be extended
to other areas dependent on inter-professional teamwork. The findings of the differences in
the mental models of OR team members have implications for effective team function and
patient safety. If team members do not have a shared understanding of who should be
primarily responsible for important clinical tasks during surgery, the result may be that the
tasks are not done or that time is wasted with duplication of tasks. Both situations can
potentially lead to compromised care, especially in a crisis where time and resources are
limited.
The new approach to assessment of shared mental models can be used to identify
dissimilarities in clinical practice. Used in this way the Momento has the potential to reduce
harm to patients. The Momento approach is however more likely to be used as part of the
team training process, where key surgical tasks with low level of agreement could serve to
initiate discussion to ensure all members are “on the same page” as to the order of tasks and
distribution of responsibilities prior to the team working together on the case. In addition,
identifying dissimilarities of mental models in surgical teams could drive interventions at an
institutional level to improve the degree of similarity of mental models within healthcare
teams. Providing time for team members to agree, perhaps through a briefing session or in
relation to the WHO Surgical Safety Checklist ahead of a procedure, on the order of crucial
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tasks and on who should be responsible for each task, may help to clarify potential
ambiguities and better align mental models36,37.
The new Momento approach could subsequently be used to check if the interventions
have been effective at aligning the mental models for these crucial tasks within surgical
teams. There is also potential for the Momento approach to be adapted for use in domains
other than healthcare that are dependent on multidisciplinary teamwork. Finally, the Momento
approach could also be used in research, to further test the proposal that shared mental models
are a crucial dimension of effective teamwork in conjunction with measures of team process
and outcome.
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1. BACKGROUND

1.1. Teams and teamwork
A team has been defined as a “distinguishable set of two or more people who interact
dynamically, interdependently, and adaptively toward a common and valued goal, who have
each been assigned specific roles or functions to perform, and who have a limited life-span
membership” (p.4)57. Thus, not just any group of individuals constitutes a team and teamwork
cannot be reduced to a simple aggregation of individual behaviours58. Teams differ from
small groups through having common goals, intensive communication and coordination
among team members, task-relevant knowledge and interdependencies, multiple sources of
information, and adaptive strategies to respond to change (p. 1053)58. Apart from the technical
skills required to do their job, team members must possess specific “non-technical” - or not
vocation-specific - knowledge, skills and attitudes (KSAs) in order to work effectively
together59. This can, for example, include the skill of monitoring each other’s performance,
knowledge of their own and teammates’ responsibilities related to the task, and a positive
disposition toward working in a team60. A team requires interdependency between its
members. Typically, no single individual can accomplish the team’s task alone, without
working with teammates59.
Various perspectives on teamwork have emerged since the first serious attempts to
study team processes more than half a century ago. Common to the existing models of
teamwork is an attempt to describe the factors that lead to effective outcomes61. Most of these
models are based on the principles of the input-process-output (IPO) systematic framework,
where, in its simplest form, team function is considered in terms of input, team processes, and
team outputs, or outcomes of team processes58, 61, 62. Inputs are prerequisites of teamwork.
They are conditions that exist prior to performance and facilitate or constrain team interaction.
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These can be: individual characteristics, such as expertise and motivation; team
characteristics, such as size and shared cognition (including shared mental models); and
organisational characteristics, such as complexity and policy. Team processes describe how
team inputs are transformed into team outputs - the results of team activity. Team processes
include teamwork coordination and communication, while examples of team outputs include
task achievement, error rate, and ultimately, a patient outcome in the case of healthcare teams.
The IPO model applies across different industries and has also been adopted for
research on teamwork in healthcare63. In recent variations of the IPO model, the relationships
between inputs, processes and outputs are more flexible and nonlinear, reflecting the complex
and dynamic nature of teamwork. The nonlinear IPO model takes into account the effect of
feedback loops where traditional outcomes, such as team performance, are considered as
inputs shaping future team processes, or where two of the three components of the IPO model
interact to influence the third64. An example of the former is the outcomes of team
performance realigning the team’s shared understanding of the roles and tasks of team
members in order to improve the team’s coordination.
Research in other high-risk domains such as aviation65 and the nuclear industry66 has
long confirmed the importance of teamwork to improve safety and has identified shared
mental models within a team as one of the key mechanisms for effective teamwork30, 38.
However, despite the importance of teamwork in this field, so far, research in healthcare has
mainly focused on relationships between processes and outcomes. Factors considered in the
traditional IPO model as inputs, shared mental models in particular, have only recently
become the subject of empirical investigation41.
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1.1.1. Teams and teamwork in healthcare
Teams in high-risk domains such as healthcare consist of individuals with
complementary, interlinked roles, who conduct complex, time-limited tasks under changing
conditions and in challenging environments67. To be successful, team members must
coordinate their actions and work as an interdependent unit68. The OR is a good example of
such a complex, high-risk environment. OR teams consist of professionals from different
specialties, who are often assembled ad hoc to work interdependently on complex tasks and
under changing conditions, where unexpected critical events can occur at any time.
Traditionally, teamwork skills have been emphasised less than medical knowledge and
procedural skills in medical training5. Research on teamwork in the OR is relatively new. It
began by adopting the approaches from the aviation industry in order to study the influence of
non-technical skills in preventing adverse events51, 69. However, flying a commercial aircraft
tends to be a more predictable process than treating a patient69. Successfully managing
patients with their unique physical characteristics and ailments usually requires a personalised
and unified approach for each patient and expertise from several health professionals of
various backgrounds.
It follows that teamwork in the OR may be quite different to that in the cockpit. Both in
healthcare and in aviation, predefined protocols or standard operating procedures are used to
minimise uncertainties. However, due to the unique physiology of each patient and the
potential risk of unforeseen complications during surgery, teams in the OR have to rely to a
greater degree than pilots on the expertise of their individual members. In one study, for
example, surgical teams appeared more reliant on individual interpretation of the situation and
expectations of team members than on predefined protocols70. Consequently, the extent to
which members of OR teams have a common understanding of a situation and its demands in
the team may be lower than in aviation teams.
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Studies have also shown that professionals within multidisciplinary healthcare teams
often have differing perceptions of their teamwork. For instance, professional perspective was
found to strongly influence interpretations of one’s own role and the roles of other team
members in the OR71, 72. Team members’ understandings of other professions’ roles, values
and motivations were often in contrast with their views of themselves. For example, surgeons,
nurses and anaesthetists in one of the studies independently rated their own profession as
being less responsible for creating and resolving tension71. Other studies also revealed
differences in the perceptions of professional groups of the quality of teamwork. Thus, nurses
rated the quality of teamwork less favourably than doctors22, 73-76, as did trainee doctors
compared to senior doctors77-79. Entrants to undergraduate medicine, nursing and pharmacy
programmes had different attitudes and beliefs as to whether clinical work should be the
responsibility of individuals, or if there should be collective responsibility, even before they
started their training80. Different perceptions and attitudes related to teamwork were also
found among different disciplines involved in the resuscitation process in the emergency
room79, and among surgeons, anaesthetists, nurse anaesthetists and nurses in the OR81. The
perceptions and attitudes individuals have about their teammates, their tasks, and their
environment will influence individual behaviours and interpersonal interactions, as well as
form a basis for their mental model of how a system functions33.
In the healthcare context, having differing perceptions of teamwork can be problematic,
as studies have shown that they can influence patient outcomes. For example, in the intensive
care context, having a unified positive attitude to teamwork was found to be related to
objective measures of quality and safety of patient care82. A high degree of openness of
communication, mutual respect, and strongly shared goals among team members were related
to reduced post-operative pain and improved post-operative functioning, and decreased length
of hospital stay for patients undergoing elective surgery16.
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A recent review of teamwork83 summarised the evidence supporting teamwork as
critical to improving patient outcomes and staff wellbeing. This review also reported on the
empirical evidence that system improvements (such as formal practices to strengthen
communication among healthcare providers and specific team training interventions) have the
potential to raise clinicians’ awareness of these issues and to support effective teamwork.
However, these factors are yet to be fully appreciated by healthcare organisations. The
concepts that can help our understanding of effective coordination, such as team situation
awareness and shared mental models, have rarely been studied systematically in this
context83. In particular, having a shared understanding (or a shared mental model) of tasks and
roles in the team enables team leadership, mutual performance monitoring, backup behaviour,
adaptability, and team orientation. These have been identified as the “big five” teamwork
skills necessary for effective team performance29. Methodological challenges to research on
these factors, however, remain to be addressed84.
My particular focus in teamwork research is on shared mental models. My research
contributes to this work through the development and validation of a new approach to
measuring the degree of similarity of mental models of task sequence and responsibility for
tasks in OR teams in emergency surgery. The following section provides a detailed overview
of the nature of mental models.

1.2. Mental models
This section describes how individual and shared mental models have been
conceptualised in cognitive psychology and human factors literature.
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1.2.1. Definition and conceptualisation
In cognitive psychology literature mental models were first conceptualised at the
individual level of analysis27. Various terms in the literature refer to very similar concepts.
Some of these include the person’s “cognitive map”26, “schema”85, “script”86, “frame”87,
“scene”88, and “cultural model”89, 90.
Mental models were envisioned as internal symbolic and dynamic representations of
external events, or simulations of the world, representing a set of logical rules, that human
beings manipulate in order to reason91, 92. The central idea behind the mental model construct
is that its structure is analogous to the structure of an actual situation93. Humans use mental
models as heuristics to describe, explain, and predict system behaviour, by rapidly retrieving
the related information stored in memory30.
The concept of mental models has been adopted in the field of human factors in an
effort to explain human performance within complex systems. In this context, the notion of
mental models has been applied to the design of systems (machines, procedures and tasks)
that are compatible with operator mental models of how the system functions94, 95. Mental
models enable individuals to describe what the system is for and what it looks like, how it
works and what it is currently doing, as well as to form expectations about what the system is
likely to do next96. A related practical implication is that people can be trained to develop and
use specific mental models on the basis of given information, for example, to operate a
device97.
Cannon-Bowers and Salas28 were the first to use mental models to explain differences in
performance across teams. They summarised earlier characterisations of mental models in a
team setting, and defined them as
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knowledge structures held by members of a team that enable them to form
accurate explanations and expectations for the task, and in turn, to coordinate their
actions and adapt their behavior to demands of the task and other team members (p.
228)30.
The degree of overlap or the extent to which mental models are shared within a team
can influence the team’s performance28, 30. Such shared knowledge is seen to be constructed
prior to team performance, through team members’ previous interactions and experiences in a
particular context and is regarded as relatively stable98.
The terms “shared” and “team” mental models have been used alternately in literature to
describe the same construct. Mohammed and Dumville99 defined team mental models as team
members’ ‟shared, organized understanding and mental representation of knowledge about
key elements of the team’s relevant environment”(p. 90). Thus, people organise their
knowledge of concepts, situations, objects, other people, and their environment, as well as the
relationships between them, into structured patterns stored in their memory according to their
most salient and important features30, 100. The degree to which these organised mental
representations overlap or are common among team members represents their shared mental
model.
1.2.1.1.

Mental models in OR teams

Having a shared knowledge about “what should be done” as well as “who should do
what” is essential for understanding the allocation of tasks and smooth collaboration within a
team101. However, not having a clear understanding of one’s own role and the roles of
teammates is quite common in teams in general and may impair team coordination51. In the
context of the OR, this may have consequences for patients. Unlike commercial aviation
teams, where everyone in the cockpit can fly a plane and team members’ roles are highly
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interchangeable, roles and responsibilities of OR team members are highly specialised, which
enables them to undertake more complex and unpredictable tasks102. Thus, for example (and
in general), an anaesthetist cannot perform an instrument count, a surgeon cannot perform an
induction of anaesthesia, and a nurse cannot perform surgery. To some extent this is a matter
of credentialing rather than necessarily a matter of expertise and ability – older generations of
surgeons often did have some knowledge of anaesthesia, and conversely, and anyone could
count a set of instruments. However, within the framework of processes and expected
standards that apply within hospitals, staff are usually accredited to undertake the work of
only one discipline, and indeed it is increasingly the case that individuals have very little
expert knowledge about the other relevant disciplines, except to the extent that issues impact
on their own responsibilities. An anaesthetist, for example, is very likely to know that
applying pressure is one way a surgeon can temporarily stop uncontrolled bleeding, and in
some circumstances may need to ask the surgeon to do this. Abdominal surgeons generally
know enough about neuromuscular blockers used by anaesthetists to notice when these drugs
are wearing off, and the abdomen is becoming too tight for the operation to continue, and will
ask for this problem to be addressed. The key point though, is that a surgeon, an anaesthetist
and a nurse could not usually simply change roles and expect to be able to complete the
required tasks successfully and safely. As noted, this is in contrast to the pilot and co-pilot in
the cockpit of an aeroplane. Moreover, OR teams work in a context that has more “failure
modes” than an aircraft, where various factors such as a patient’s unique physiology, the use
of high-technology equipment and an impact of an invasive procedure on the patient have to
be considered102. If teammates are not aware of some team members having a different
perspective to their own on what needs to be done and when, there is a risk that those team
members will be regarded as unpredictable by their teammates. Further, this may influence
whether or not, when, and by whom the team’s tasks get done. The expectations that team
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members have about what their tasks should be and what their team members' roles and
responsibilities are will vary depending on the situation and the type of team. In highly
interdependent and highly unpredictable situations, such as during surgery, not having a
similar understanding can lead to miscommunication and poorer team performance33. In less
specialised teams, it is reasonable to expect the team members to have a highly similar or
even identical mental model of what needs to be done and a highly similar mental model of
who should do what. In teams consisting of members with more specialised knowledge and
roles, however, instead of requiring team members to have identical mental models, to
successfully complete highly complex tasks that require interdependence, it would be optimal
to have enough overlap between mental models of individual team members to allow them to
form common expectations for their task and teamwork30. This would in turn enable team
members to successfully monitor the situation and provide corrective input if things are not
going as expected.
Inspired by a Venn diagram analogy previously proposed in the context of sports
teams35, the conceptual diagram in Figure 2 illustrates the concept of a team’s shared mental
model regarding one specific aspect of the team’s work that can apply to OR teams. The
figure depicts an example of a team consisting of three subteams of two members each:
anaesthesia (A1 and A2), surgery (S1 and S2), and nursing (N1 and N2). Although each
subteam or individual within the subteam can have multiple mental models of various aspects
of their work, for the purpose of clarity, the diagram relates to a mental model that team
members have regarding a single aspect of their work, for example, the sequence of the
team’s tasks in a laparotomy. Each circle thus represents a team member’s mental model of
the sequence of the team’s tasks in a laparotomy. The mental model of each individual is
influenced by his or her training and expertise. In addition, the mental model of each subteam
is influenced by the domain knowledge of that subteam. Both encompass a large body of
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information that is needed to conduct a laparotomy. Individuals with more training and
expertise in their field would be expected to have a larger circle that would correspond to the
breadth of their mental model (such as the individual S1 in the surgical subteam) than those
with less training and expertise in their field, for example, team member A2 in the anaesthesia
subteam. Just like the common intersection of several circles on a Venn diagram, the extent to
which mental models regarding the sequence of tasks in laparotomy of all individual members
overlap represents that team’s shared mental model of the task sequence. At the same time as
sharing a mental model with all their teammates, an individual can have a mental model that
is similar to a greater degree to a mental model held by some team members but not others.
For example, the overlap of team member A1’s and team member N1’s circles represents the
degree to which they share an understanding of the task sequence that is not shared to the
same degree with team member N2. If we focus on subteams (identified by colour in Figure
2), for each subteam, the intersection of the two circles representing the mental model of each
of the two members of that subteam (for example, A1 and A2) represents the shared
understanding between those members. This shared understanding is based on the subject area
unique to that particular subteam. If mental models are dependent on previous knowledge and
training background, we would expect members of OR subteams that consist of professionals
of similar backgrounds (for example, two surgeons) to have more compatible mental models
than two professionals from different subteams, for example, nursing and anaesthesia. Unlike
in teams where the roles of team members are not highly specialised, in teams of individuals
with specific skill sets, such as the OR team, not having an identical mental model regarding
an aspect of the team’s work makes it more likely that the specialised knowledge necessary
for undertaking complex and unpredictable tasks is used. Consequently, the common shared
area on the diagram in Figure 2 will be bigger for the former type of teams, where individual
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circles will almost completely overlap, than for the latter ones, where roles of different
professionals are more distinct from one another.

A1 A2
S2

N1N2

S1

Figure 2. A conceptual diagram illustrating the concept of an OR team’s shared mental
model of one aspect of the team’s work. In a six-member team consisting of three
subteams (anaesthesia: A1 and A2; surgery: S1 and S2; and nursing: N1 and N2), each
individual will have a mental model (represented with a circle) that he or she may share
to a degree with one or more of his or her teammates (indicated by overlaps between
circles) both within their subteam (for example, A1 and A2), and inter-team with
members of the other two subteams (for example, A1 and N2). The area where all the
circles intersect represents the shared mental model of the team.

Studying mental models in teams has practical implications for team training. It is likely
to be impossible to train teams to have specific expectations for every possible situation that
may arise. Instead, it is more useful to provide teams with strategies or tools that will enable
them to quickly access their knowledge of the system in which the team will operate, so that
they can form expectations appropriate to the current situation30. This is particularly the case
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in highly unpredictable situations and where team members’ roles are highly specialised, such
as in OR teams.
1.2.1.2.

Types of mental models

Cannon-Bowers, Salas and Converse30 proposed four types of mental models, according
to the things they represent, that may be shared within teams: 1) equipment - this, for
example, may include an understanding of equipment functions, limitations of the system; 2)
task – including understanding of procedures, actions and strategies to perform a task; 3) team
interaction - or an understanding of how team members should interact within a given task,
awareness of members’ responsibilities, and role interdependencies; and 4) team members –
including the knowledge of other team members’ knowledge and skills. These four categories
have been combined into two broad types of content to form taskwork mental models, which
are a combination of equipment and task mental models, and teamwork mental models, which
are a combination of team interaction and team member mental models37, 47. This type of
aggregation facilitates the assessment of the extent to which multiple types of mental models
are shared in a single study47. This is relevant to my thesis, where both taskwork and
teamwork mental models within OR teams were captured simultaneously, using a newly
developed tool designed for this purpose. These included a mental model of a task sequence,
which is a type of task mental model, and a mental model of responsibility for tasks - a type
of team interaction model.
Cooke et al.103 conceptualised mental models as representing different types of
knowledge. First, mental models can represent factual or declarative knowledge in that they
can contain information about the relevant concepts and elements and relationships between
them – or “what” needs to be done and by whom. Next, mental models can represent
procedural knowledge or the knowledge of steps, sequences, procedures and actions involved
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in accomplishing a task. Lastly, mental models can also represent strategic knowledge, in that
they can represent the information on the link between the team’s capability to perform the
task and the external environmental requirements. Strategic knowledge captures the situation
component of mental models, or context, and it provides the basis for problem solving.
As part of my thesis, I aimed to develop a tool that would elicit the information on both
the declarative and the procedural aspects of mental models in OR teams. In the case of the
declarative knowledge, this involved capturing the information on the knowledge of which
tasks need to be done in the surgical procedure and by whom. In the case of the procedural
knowledge, the information on understanding of the sequence in which tasks should be
performed in the surgical procedure was captured.
1.2.1.3.

Properties of mental models – similarity and accuracy

In addition to their content and form, mental models can also be classified according to
their properties – similarity and accuracy. Similarity (also referred to in literature as
sharedness32, 47, 104, agreement, convergence, compatibility, commonality, consensus,
consistency, and overlap32) represents the degree to which mental models regarding a specific
content area converge among team members30, represented by the common area on the Venn
diagram depicted in Figure 1. Accuracy, also referred to as quality37, is “the correctness of the
knowledge structures maintained by team members” (p. 973)40. Accuracy is related to how
correct a mental model is, compared to that of a subject matter expert40. Highly similar and
highly accurate models are expected to have the greatest team performance benefits37, 105.
However, shared mental models can be similar, but inaccurate, and vice versa. Thus, a team
might have a similar but wrong view of a situation. The above definition of accuracy as
“correctness” has been disputed. Mathieu et al.37 argued that within a single content domain,
there may exist a multitude of equally good, although different models. Thus, mental model
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accuracy may be difficult to evaluate in field studies as it may be hard to determine a single
correct model. In the healthcare context in particular, there may be many approaches to
patient care, and instead of choosing a single “correct” one, expertise will strongly constrain
the selection of preferred models from the set of poorer ones.
Accuracy of mental models was not the focus of my project. However, I did address it
to a degree by enlisting subject matter experts to agree, through an iterative process, on the
criteria for the selection and the inclusion of the crucial tasks in the surgical procedure to be
used in the task sorting tool. The issue of determining the degree of similarity of mental
model was one of the goals of the present research and is discussed in detail in Chapter 2.
1.2.1.4.

Shared mental models and models of teamwork

Salas, Sims, and Burke29 reviewed 138 models of teamwork from the team literature
and proposed the “big five” factors that promote team effectiveness: team leadership, mutual
performance monitoring, backup behaviour, adaptability, and team orientation. According to
this model, shared mental models are the supporting and coordinating mechanism that blends
together the value of each of the five factors for effective teamwork. In particular, Salas et al.
proposed that mutual performance monitoring, backup behaviour, and adaptability occur more
often in teams where mental models related to the team’s work are shared. Highly effective
teams share a mental model of the task environment. This includes a shared understanding of
how the equipment functions and limitations of the system in which the task is performed.
They also share a mental model of the task itself, and a mental model of the tasks and abilities
of interacting team members. This helps them to adapt to non-routine situations and predict
the behaviours of other team members65, 106. In the OR specifically, due to their
interdependent nature, team members are required to have a high level of shared
understanding of each other’s roles, tasks and goals of the procedure throughout the surgical
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process (p. 182)51. The dynamics of the OR is such that team members “must be aware at all
times who is in charge of the task underway and how their individual role fits into the group
effort….each member must understand the other team members' level of competency, style of
working, and knowledge of the current task” (p. 1008)107. Evaluating the degree of shared
understanding within surgical teams is important for identifying problems in procedures and
in team dynamics that may negatively impact on team performance51.
Theoretical models of teamwork such as the input-process-output (IPO) model describe
shared mental models as prerequisites for team processes that lead to effective team
performance, with more recent models depicting shared mental models as being shaped by
team processes during and post-performance33-35. For example, having a similar mental model
about the task, the environment, and about each other is thought to be a prerequisite for
implicit coordination within teams, characteristic of highly effective teams. This type of
coordination takes place when team members anticipate the actions and needs of their
colleagues and task demands, and dynamically adjust their own behaviour accordingly,
without having to communicate directly with each other or plan the activity108, 109. Implicit
coordination typically occurs during non-routine situations characterised by high levels of
uncertainty and time pressure that might require but not allow for explicitness110. It develops
over time and is less time-consuming and labour intensive than explicit coordination which is
expressed in an unequivocal manner that is usually plain and easy to understand109, 111. Unlike
explicit coordination, implicit coordination relies more heavily on the pre-existing common
understanding of the situation. It can involve members communicating verbally as a result of
anticipation of other team members’ needs rather than in response to a request112. This can,
for example, involve asking for, or giving an update, or verbally offering unsolicited
assistance. Implicit coordination has been reported anecdotally in the context of the OR
environment, where surgical team members commented that while working in an established
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team they often felt as if they were “reading each other's mind” (p. 88)36. Mutual performance
monitoring, backup behaviour, adaptability, and unsolicited information sharing have been
observed in the OR setting as manifestations of implicit coordination3, 23, 48, 56, 113, 114.
The IPO model of teamwork can be expanded to consider the antecedents to shared
mental models to further clarify their relationship with processes and outcomes. These
antecedents include some individual characteristics of team members, prior team
interventions, and contextual factors32. Antecedents of shared mental models have not been
studied as extensively as team processes and outputs.
In addition to the view of team coordination being reliant on shared mental models, and
consistent with the nonlinear IPO model of teamwork, some authors also conceptualised the
reverse in an attempt to explain how shared understanding develops within teams. Eccles and
Tenenbaum35, for example, conceptualised the development of shared understanding as a vital
component of team coordination that develops through team processes. The pre-process phase
is characterised by activities that are thought to facilitate shared understanding through
information sharing31, 33. These include setting collective goals, establishing roles and norms,
and developing collaborative planning. In-process shared understanding takes place during
performance of the task, along with verbal and nonverbal communication that leads to
coordinated actions35. Shared understanding can develop in the post-process phase through
verbal reflection after the task has been completed, for example, through debriefing,
discussion, and experience sharing34, 35, so that conclusions regarding performance can be
drawn, and self-corrected in future performances33.
Figure 3 depicts the examples of factors that have traditionally been considered as
inputs, including the ones considered to also be prerequisites for shared mental models,
processes and outputs relevant to teamwork in the healthcare setting.

28

Figure 3. A schematic representation of the nonlinear input-process-output (IPO) model of teamwork,
with some examples of what is traditionally considered as individual inputs, processes and outputs
applicable in the healthcare setting (adapted from Mohammed et al. 32, Rosen et al.115, Ilgen et al.64,
Rousseau, Aubé, and Savoie61, and Healey et al.116). The inputs denoted with an asterisk have been
studied empirically as antecedents of shared mental models in contexts other than healthcare32.
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Researchers suggest that prior experiences in team settings shape individual’s
expectations about future teamwork that are then generalised to similar settings30, 117.
Examples would include how to behave in a team setting and which behaviours are important
for team success. Unlike short-lived teams, teams who remain intact for a prolonged period of
time, such as several months or years, have the opportunity to develop a high degree of shared
understanding of their work through repeated interaction, communication and discussion118,
119

. Past experiences in a team or the degree to which team members are familiar with each

other should help develop a degree of shared expectations of teammate-specific roles and
responsibilities120, and a common frame of reference that can be used during task
completion121. Having positive team experiences, such as good coordination, communication
and team building that are shared by cohesive teams should strengthen one’s expectations for
teamwork122. Thus, it is expected that the longer team members work together, the greater the
extent of their shared knowledge109, 119.
In this thesis, I explored the relationship between team familiarity scores and the scores
for the degree of similarity of mental models as a step towards validation of the new approach
to the assessment of shared mental models. Familiarity with teammates was determined by
asking each member of an OR team to indicate on a 4-point scale how often they worked with
each of their teammates in the past. The familiarity score for two team members was
calculated as the mean of their ratings of each other. The team familiarity score was an
average of all possible pairwise ratings within the OR team.

In summary, mental models are mental representations of the outside world that help
individuals make sense of it. Shared mental models have been conceptualised as a degree of
overlap between individual mental models within a team. In teams with interchangeable roles,
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and in highly predictable situations, having a greater overlap between mental models of
individual team members may be better for teamwork and team performance. In teams
consisting of subteams of experts with non-interchangeable roles, such as in OR teams, it is
not necessary for members to have identical mental models, but only compatible ones. The
degree of sharing of individual mental models in such teams can be improved through
training. A broad classification of mental models would include taskwork and teamwork
mental models. Both types were of interest to the present research. A distinction is also made
between two properties of shared mental models – similarity and accuracy of the mental
model. Models of teamwork link the degree of similarity and accuracy of mental models
within a team with how successful teams are in coordinating their activities and performing
effectively. The focus of this thesis was on capturing the degree of similarity of mental
models within multidisciplinary OR teams. “Similarity” and “sharedness” are used
interchangeably throughout the text. Accuracy was outside of the scope of this project. Prior
experiences of team members, such as how familiar team members are with each other, are
seen as variables contributing to sharedness of mental models. The relationship between the
extent to which team members had prior experience with working with each other (captured
here via familiarity scores) and the degree to which they shared their mental models was also
examined in the present research. The next section describes the empirical evidence for the
relationship between shared mental models and related variables.

1.2.2. Empirical evidence of shared mental models, their antecedents and outcomes
According to the traditional IPO model of teamwork, shared mental models are inputs
that facilitate team processes and outcomes. Several comprehensive literature reviews
summarise the recent empirical evidence for the link between shared mental models and team
processes and performance in different settings31, 32, 39, 41, 123. Shared mental models have been
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found to contribute to improved team performance in many studies40, 47, 54, 56, 105, 124, 125.
Similarity of mental models has also been related to improved team processes37, 47 such as
coordination126, communication40, 66, backup behaviour quality and quantity126, team
monitoring in anaesthesia teams56, collective efficacy127, strategy implementation128,
engagement129, team viability and member growth130. In non-routine situations, focusing less
on the time to complete a task was found to lead to more face-to-face communication that
enabled information sharing necessary to form or update a shared mental model66. A positive
relationship was also demonstrated between similarity of mental models and skill
acquisition131, and decision quality132. Several studies have shown that the relationship
between shared mental models and performance can be mediated by team processes. When
increased sharing of mental models occurs within a team, team members’ interactions are
more effective, leading to better performance37, 47, 126, 128. The apparent relationship between
the degree to which mental models are shared and team processes and performance suggests
that evaluations of this degree of sharing of mental models could be used in supporting
training needs analysis and training evaluation125. Specifically, the former could involve
administering a tool to individual team members that would capture the information on their
mental model related to a specific aspect of the team’s work, in order to identify the potential
differences within the team. This information could then be used to tailor the follow-up
training to improve the degree of similarity of their mental models accordingly. Such practical
implications are discussed in Chapters 4 and 5 of this thesis.
In the relatively small amount of work conducted on the antecedents of shared mental
models, researchers have focused on stress54, planning38, rank and length of time in service133,
demography, team experience, team member recruitment, team size130, and team training112,
126, 134

.
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The empirical evidence regarding the relationship between the extent to which team
members are familiar with each other and other team-related variables is conflicting. Studies
conducted on coal mine workers found better average production and fewer accidents within
teams with members who are familiar with each other due to a decrease in poor coordination
of teamwork135. In studies involving information technology teams, having more similar
mental models have been found to have a positive impact on team coordination among
members of software design teams. Prior experience of team members with the same software
and projects had a positive impact on project performance, especially in geographically
distributed teams where their familiarity compensated for problems in communication and
coordination136. In sports teams, researchers have found that the more prior experience players
had with their teammates in tennis doubles teams, the more similar their knowledge was
regarding their team’s responses to match situations120. This in turn led to the team engaging
in more implicit coordination. Groups of friends were found to be better than groups of
strangers at applying conflict management strategies to their current task137. A longitudinal
study showed that teams consisting of friends and acquaintances perform significantly better
than teams composed of strangers, but that the effect of the extent to which team members
were familiar with each other is most beneficial during the team formation stage and
decreases over time138. For example, team-level cognitive ability and openness to experience
were found to be positively related to the similarity of a task-focused mental model,
regardless of the extent to which team members were familiar with each other, which in turn
was positively related to the perception of team members of how coordinated the team’s
activities were139. In research in the commercial sector analysing company performance, no
significant relationship was found between the extent to which team members were familiar
with each other and their company’s performance140. Some findings in this field suggest the
extent to which team members were familiar with each other may even negatively impact on
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performance. The negative impact on performance was thought to be due to team members
who were more familiar with each other dedicating more time to social interactions, which
diverted their energy from team goals141. It was also thought to be due to low diversity of
information, where all team members possess identical or common information – which can
lead to groupthink142.

In summary, there is now compelling empirical evidence showing the positive link
between the degree of similarity of mental models in a team and the quality of team processes
and performance. However, there are still contradictory findings on the relationship between
the extent to which team members are familiar with each other and the degree of similarity of
mental models in different domains. It is possible that this is partly due to the research
previously not distinguishing between teams consisting of members whose roles are not
highly specialised and teams of specialists, as is the case of OR teams. There is also the
absence of similar studies in the healthcare context. Thus, the latter relationship was explored
in this thesis in multidisciplinary OR teams. The theoretical assumption that past experience
with teammates or how familiar team members are with each other is positively related to the
degree of similarity of mental models was tested as a step towards validation of the proposed
approach for the assessment of mental models in surgery.
The next section addresses assessment issues in mental model research and provides an
overview of existing methods for the assessment of mental models.

1.3.

Assessing mental models
This section outlines the existing approaches to the assessment of mental models in

teams. Card sorting and concept mapping approaches relevant to this research are discussed in
detail, including the empirical studies that have used a combination of the two approaches.
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Mental models in teams have been studied in many contexts, using various assessment
approaches. Previous researchers have not only used different methods of eliciting, scoring,
and representing shared mental model data, but they have also used different conceptual
definitions125. The diversity, complexity, and number of methods used in studies published in
peer-reviewed journals attests to the difficulty of assessment32, 52, 134. There is presently no
evidence to support a single method as superior to others in its theoretical value, reliability,
and validity32, 143. Although researchers have emphasised that choosing the correct technique
to assess knowledge for a task is essential32, 39, as well as using it correctly, there is
surprisingly little practical guidance on these matters144.
Several literature reviews and meta-analyses32, 39, 41, 52, 143, 145 summarise the breadth of
approaches used to capture mental models and assess the degree to which they are shared.
What seems to be common to the broad range of techniques for assessing the similarity of
mental models is elicitation of individual team members’ mental models of a specific
component relevant for the team, followed by some sort of aggregation analysis of individual
scores to show a level of sharedness146.
In order to gain a comprehensive insight into the nature of a mental model, both content
and structure of a mental model should be investigated52. Content refers to the concepts the
mental model represents, such as task, equipment, or team members’ roles. Structure of a
mental model refers to how concepts are represented in the individual’s mind, for example,
the sequence in which tasks in a procedure should be performed. A recent meta-analysis of
methods for assessing mental models in teams39 found that when the selected method did not
capture the structure of the mental model, there was no observed relationship between the
degree of sharedness of mental models and team process. Mohammed et al.145 distinguish
between elicitation techniques that capture the content of a mental model and representation
techniques that reveal its structure. The final step in the assessment of shared mental models
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involves examining the relationships between concepts in a whole team. Here, it is the level
of similarity of models within the team that is of interest39. Techniques that capture both
content and structure of mental models include paired comparisons ratings, qualitative
techniques, concept mapping, and card sorting. These are discussed in the context of finding
the most suitable method for revealing the information on the content and structure of mental
models in OR teams recorded in this project.

1.3.1. Paired comparisons ratings
Also known as similarity ratings, or relatedness judgements, paired comparisons ratings
are the most commonly used technique, while qualitative methods are the least popular32. The
former involves the participants rating the similarity between pairs of task or team-related
concepts or statements supplied by the researcher, usually on a Likert-type scale. In order to
determine how these concepts are organised in the shared part of the mental model of the
individual members of the team, a quantitative index of similarity, or overlap of the team
members’ models, is then calculated using computerised network analysis algorithms such as
coefficients S in Multidimensional Scaling (MDS), Pathfinder’s C or UCINET’s QAP
correlation32, 39. A study by Lim and Klein124 provides a typical example of how the paired
comparisons technique can be used to calculate the degree to which individual mental models
are shared in a team. These researchers asked individual members of military combat teams to
judge the relatedness of pairs of different combinations of 14 statements describing team
procedures, equipment and tasks (to capture their mental model of taskwork), and 14
statements describing team interaction processes and the characteristics of team members (to
capture their mental model of teamwork). Team members rated the relatedness of all pairs of
statements (91 pairs) using a 7-point response scale (1= unrelated to 7 = highly related).
Examples making up these 14 statements were “Team members conduct routine maintenance
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of their equipment and weapons in the field”, “The team is highly effective”, and “Team
members trust each other”. The statements were chosen in consultation with subject matter
experts. Pathfinder, a structural assessment technique that creates a model or network based
on individual’s ratings of similarity between each pair of statements, was used to generate
each team member’s mental model of taskwork and teamwork. Here, the closeness of the link
between statements is represented by a numerical weight, where the statements rated as high
in similarity are more closely linked to the rater’s model than those rated as low in similarity.
The proportion of common links in relation to the total number of links present in two team
members’ individual networks is the similarity measure for that pair of individuals in a team.
The average of similarity scores for all the dyads within a team is the average similarity of
mental models for that team. Lim and Klein’s study is a rare example of research conducted
in the field, using real groups of professionals. Most other studies37, 38, 47, 105, 126 that focused
on capturing shared mental models in general were conducted on undergraduate university
students, assembled ad hoc, who were arbitrarily assigned specialist roles and performed
specialist computer tasks taught specifically for the purpose of the study.
Mental models in a team captured using paired comparisons ratings, as opposed to other
approaches, have been found in a meta-analysis39 to be most predictive of team processes,
such as coordination and communication, Mohammed et al.32 argued that an advantage of this
technique is the use of computerised scaling algorithms that calculate the quantitative indices
of similarity and graphic representation of how concepts are linked. However, they criticised
the approach for being highly reliant on researchers in determining cognitive content and
often using a large number of relatedness statements that may be cumbersome for the raters.
The data are uninterpretable in its raw form, unless transformed by a specialised software
algorithm that requires a certain level of researcher expertise145. Such analysis can be time
consuming and extensive, and researchers may find it difficult to define the criteria for when
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to stop the analysis147. This is largely due to the software offering a choice of various statistics
in order to arrive at the most interpretable network, which is the one that will allow for the
maximum variability in the data with a minimum number of parameters. This may result in
different conclusions being reached by different researchers about the structure of a given
shared mental model.

1.3.2. Qualitative techniques
Qualitative techniques of assessment of similarity of mental models require that the
researcher elicits concepts from participants’ statements and extracts relationships between
concepts from documents and/or observed and often videotaped team interactions. The
advantages of this approach are that the participants provide what is often rich content
themselves, and that no aggregation of scores is required, as data are collected at team level.
One disadvantage is the need to rely on the researcher’s interpretation of the data to deduce
the cognitive structure indirectly from behaviour and/or documents, assuming that they do
indeed reveal the said cognitive content32. Coding of the data can often be time consuming
and complicated and comparisons across cognitive structures may be difficult due to different
terminology used by different team members145. This technique was used in a study of nuclear
power plant control room crews working in various simulated nuclear power plant scenarios,
where independent coders noted down the behaviours indicative of the crew members
developing a shared understanding of the current situation66.

1.3.3. Concept mapping
In concept mapping, participants place predefined concepts in a hierarchical or
chronological structure or map. Concept mapping has been used to capture the sequencing of
team actions, which reflects the organisation of knowledge39. For example, a concept map can
graphically represent chronological steps needed to complete a mission successfully. A point
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system developed by a researcher is used to code the overlap in individual concept maps of
team members, represented by the number of shared linked concepts (which can be steps,
events, actions or tasks), and the information on how concepts are linked can be represented
graphically32. Mohammed et al. 32 noted that concept maps are useful for capturing both the
declarative knowledge (the knowledge of “what”), and procedural knowledge, or the step-bystep knowledge, of how the task should be completed. However, they criticised the approach
for relying heavily on the researcher’s choice of concepts, which can often assume the
existence of a rigid linear relationship between concepts when relationships may be
represented differently in team members’ minds. In addition, determining similarity and
accuracy may be cumbersome in large teams and complex concept maps.

1.3.4. Card sorting
Card sorting involves participants sorting concepts, usually events or tasks, written on
cards supplied by researchers into meaningful piles that visually represent how the concepts
are organised32. Usually, the number and labelling of piles is determined by the participants
themselves, although a completely structured version exists, where the number of cards and
categories and the criteria for the sort can be imposed by the researcher143. Each pairing of
cards is typically given a score of “1” if they were placed in the same pile, or “0” if not. Each
team member’s string of “0s” and “1s” is then correlated with every other member’s to arrive
at a team similarity score. This technique was used in a study where members of submarine
attack centre teams sorted 33 cards depicting examples of either effective or ineffective
teamwork (developed by subject matter experts) into any number of categories according to
how they thought the examples were related35. Data analysis involved creating a 33x33 matrix
depicting all possible combinations of the cards. A score of “1” was assigned to each cell
where the corresponding cards were placed together in a single category. Similarity of the
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model was then assessed using the Phi coefficient – the Pearson correlation coefficient
between two dichotomous variables.
An advantage of the card sorting technique over paired comparisons ratings is that all
concepts can be compared simultaneously, rather than pair-by-pair, which provides an insight
into how the sorter organises the related information as a whole143. Mohammed et al.32
criticise this technique as being difficult to score if there are a large number of concepts to
sort. The analysis can be even more challenging if team members generate a different number
of piles of concepts, using different criteria. This critique, however, does not apply to the
structured card sort.
Unlike the other two assessment approaches described above, both concept mapping
and card sorting have an advantage of being quick, easy, and intuitive to administer and use,
making them suitable for contexts where time is precious, such as in the OR. Wildman et
al.143 argued that practicality should take precedence “in some industries and types of teams,
[where] there is simply no time to stop and fill out self-report surveys of any sort, even if that
has been determined to be the most theoretically appropriate type of measurement”(p. 934).
The next section of this thesis describes the combined approach which served as a basis for
the development of the new mental model tool.

1.3.5. A combined assessment approach
A combined approach to capturing mental models requires the participants to choose
from a variety of prelabelled concepts in the form of cards and place them in a prespecified
chronological structure representing their mental model of the issue in question. Unlike
traditional card sorting, instead of sorting cards in predefined piles, cards depicting concepts
are sorted chronologically. Unlike traditional concept mapping that simply shows linear
sequencing of concepts, this approach includes a way to capture the information on the
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ordering of concepts across various team members. The advantage of this technique is the
resulting clear graphic representation of how concepts are linked and how they are related to
different team members. Another advantage is the ease of administration and scoring
compared to other assessment approaches, such as pairwise comparisons of concepts and
qualitative techniques55. In the research described in this thesis, I made use of the positive
features of card sorting and concept mapping by combining these two techniques, with some
modification to allow for greater flexibility in capturing mental models of members of OR
teams. The resulting technique was used to simultaneously capture mental models of task
sequence and of responsibility for task of individual team members within multidisciplinary
OR teams.
1.3.5.1.

A review of the use of the combined approach

Despite its advantages, the combined approach is not widely used in research into
mental models. A multidatabase search of academic literature was conducted using electronic
search engines (PsychINFO, MEDLINE, Google Scholar, PubMed, Scopus, ERIC, CINAHL
Plus, ProQuest, Sage, EBSCOhost, JSTOR, ScienceDirect, PsycTESTS, Wiley Online
Library, SpringerLink, and Web of Science), and a manual search of bibliographies identified
from the literature was conducted in reviewing the extent to which the combined approach
had been used in previous studies. The following keywords were used: “mental” “model”,
“shared mental model”, “shared knowledge”, “shared cognition”, “card sort”, “task sort”,
“concept map”, “measurement”, “technique”, “medical”, “health”, “team members”, and
“team”. This search produced only three studies published in peer-reviewed journals that have
combined the ease of use of the card sorting technique and the ability to simultaneously
capture declarative and procedural knowledge characteristic of concept mapping. In all three,
the concept maps were constructed specifically for the study. The details of the studies are
summarised in Table 1.
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In a study by Marks et al.40, mental models of team members were measured using
dynamic forms of concept maps called “team interaction concept maps” (p. 975), where
participants assigned various task activities to different team members along a timeline. Thus,
mental models of task (i.e., the sequence of activities) and of teamwork (i.e., who was thought
to do what) could be assessed simultaneously. Marks et al. found that more accurate and
similar mental models positively influenced team communication processes. They also found
that mental models predicted performance more strongly in novel than in routine
environments, and that teams who shared higher quality mental models generally
outperformed teams that exhibited less similarity or accuracy.
The assessment approaches used in the other two published studies54, 56 were modelled
on the Marks et al.’s team interaction concept mapping. Using the same scoring methodology
as Marks et al., as well as ad hoc assembled teams of university students, Ellis54 found that
acute stress was related to less similar mental models which in turn led to poorer performance.
The study by Burtscher et al.56 is the only empirical study attempting to directly capture
shared mental models of healthcare practitioners published to date. It addressed the
relationship between the similarity and accuracy of mental models, and team processes
(specifically, monitoring behaviours) and team performance in anaesthesia teams consisting
of an anaesthetist and an anaesthesia nurse. The study involved team members sorting 30
cards depicting relevant tasks for anaesthesia induction, identified by subject matter experts,
into a chronological order for each member of the team dyad, following a simulated scenario
involving induction of anaesthesia. This study showed that, in the absence of a ‘”sufficiently
similar” (p. 262) mental model (which the researchers defined as being one standard deviation
below the mean similarity score), monitoring behaviour, such as observing the actions of
teammates and the patient’s vital signs, disrupts performance of the two-person anaesthesia
team. Based on this finding, the authors concluded that similar mental models are a
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prerequisite for effective mutual team monitoring in anaesthesia teams. This study, however,
only focused on one professional team dyad in the OR. This is consistent with many other
studies in the OR context where the focus was on individual professional groups,
predominantly anaesthesia3, 23, 50, 113, 148, 149. The study also captured mental models related to
only the first stage of general anaesthesia (i.e., anaesthesia induction), as opposed to all the
stages of the operation, and including the whole multidisciplinary OR team that I focused on
in my thesis.
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Table 1. A summary of peer-reviewed studies that used the combined concept mapping/card sorting approach to capturing mental models in teams
Author
(Year)

Sample/team
composition and size

Marks et
3-person teams
al. (2000)40
assembled ad hoc

79 undergraduate university
students, randomly assigned
to roles and teams

Team task

Type of shared mental
model captured

Assessment technique

Computer-based
simulation of a tank
war-game

Team (which team
Team interaction concept map with
member does what) and
24 concepts/actions
task (sequence of activities
Team members picked 8 concepts
for each team member)
that best represented the actions of
each of the 3 team members during
mission accomplishment and
placed them in the appropriate rows
on the concept map (capturing
action sequence for all 3 team
members)

Methodology for scoring the
similarity of mental models

1 point given for each linked set of
concepts (A-B) that was shared between 2
team members' mental models; when all 3
members mentioned a certain pairing of
concepts, 3 points were given; 3 linked
concepts (A –B- C) that appeared in 2
members' concept maps counted as 2
points, and 3 linked concepts that
appeared in all 3 team members' maps
would add 6 points to the overall score.
The same logic applies to shared linkages
Columns represent a cross section that were composed of 4 or more
of what all 3 team members should concepts
be doing at once
Scores could range from 0 (no similarity

Findings
Shared mental models
positively influenced team
communication processes
and team performance.
Shared mental models
predicted performance
more strongly in novel
than in routine
environments; teams who
shared higher quality
mental models
outperformed teams that
exhibited less similarity
or accuracy

among any of the three member concept
maps) to 111 (3 identical concept maps)
Ellis
(2006)54

Burtscher
et al.
(2011)56

4-person teams assembled Computer-based war- Teammates’ roles and
ad hoc
game simulation
responsibilities and team
interaction patterns
97 university students; team
(captured separately)
members were not assigned
specific areas of expertise

2-person teams assembled Simulation scenario – Team (which team
ad hoc
intubation of a 25-year member does what) and
old male “patient”
task (sequence of activities
for each team member)
scheduled for right
31 Anaesthesia residents
knee arthroscopy
and 31 anaesthesia nurses

Modelled on Marks et al.’s (2000)
team interaction concept map - 8
blank spaces (2 per team member)
that needed to be filled with one of
10 concepts that represented
different aspects of the task
domain, where participants placed
concepts that best represented the
actions of each team member on
the map

1 point when 2 team members shared 2
linked concepts (A-B), 3 points when 3
team members shared 2 linked concepts,
and 9 points when all 4 team members
shared 2 linked concepts

Modelled on Marks et al., but
including 30 concepts – sorting
which team member should
perform which task and in what
order (15 blank spaces for each
team member)

Individual maps compared within each
team; 1 point for similarity given if a
concept was assigned to the same person;
1 additional point if (a) concepts were
placed in the same position and (b) had
the same previous concept

Scores for the two concept maps were
then averaged to form a score for shared
mental model of team interaction

Acute stress negatively
affected team interaction
mental models, which
mediated the relationship
between acute stress and
performance

In the absence of a similar
mental model, a higher
level of team monitoring
had a negative effect on
team performance
Similarity and accuracy of
mental model interacted to
predict performance
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All three studies using the combined approach used different scoring methods that may
be adequate for calculating sharedness in smaller teams, but become cumbersome as the
number of team members increases. Also, in two out of three of these studies, the relative
positions of a subsequence of ranked tasks in the overall sequence of all tasks are ignored
when determining the similarity score between two individuals. Thus, for example, two team
members may have the same three tasks ordered in the same way sequentially in their
sequence of tasks, but positioned at the top of the entire sequence of tasks for one member of
the pair, and at the bottom of the sequence for the other member. However, these two team
members will generate the same similarity score as a pair of sorters who both sort the same
sequence of tasks at the top or the bottom of the overall task sequence, as in Figure 4. In
contrast, the approach used by Burtscher et al.56 described in Table 1 penalises heavily those
cases where the overall sequence may be off by one or more ranks. The approaches to scoring
the degree of similarity used in the studies described in Table 1 also penalise those pairs of
raters who have assigned the same rank to a task but who have not assigned the same rank to
the preceding task.
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Sequence
1
2
3
4
5

Team
member 1
C
A
B
D
E
Example 1

Team
member 2
E
D
C
A
B

Sequence
1
2
3
4
5

Team
member 3
C
A
B
D
E

Team
member 4
C
A
B
E
D

Example 2

Figure 4. Two examples of how two members of a team ranked five tasks (represented by letters) in a
sequence from 1 to 5. If we use the scoring methodology of Marks et al. 40, and Ellis54 described in Table 1
in both Example 1 and 2, we would assign 2 points to the 3 linked tasks (in this case C-A-B) that appeared
in the concept maps of the two teammates, regardless of their position in the overall sequence of tasks.
Using the scoring system devised by Burtscher et al.56, however, in Example 1, we would assign a score of
0, as a) no two tasks were placed in the same position by the two team members, nor b) were they
preceded by the same task. In Example 2, however, we would assign a score of 5, as three tasks C-A-B
were ranked in the same order, and there were two occurrences where the equally ranked tasks were also
preceded by a same task (i.e., task A by task C, and task B by task A). In Example 2, although 1 pair of
concepts was preceded by the same task (i.e., task B, in case of the fourth pair in the sequence – D and E
for one team member, and E and D for the other), no score is assigned for having the same preceding task.

In addition, Burtscher et al.56’s approach does not distinguish between mental models of
task sequence and those of responsibility for the task. Instead, the method generates a
combined score that includes an extra point if a pair of raters have assigned the same concept
to the same person, in addition to sharing the same pair of concepts in a sequence.
The existing combined approaches also restrict the participants to sort tasks sequentially
for each team member, without allowing for the possibility that some tasks can be done in
parallel, as is often the case in teams. In addition, none of the existing approaches allowed for
tasks to be entirely excluded from the sort if the sorter did not think the depicted task was
required for the overall task completion. Using existing methods, such tasks would have to be
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excluded entirely from the calculation process. However, this would reduce the variance in
terms of the combined score and make those pairs of ratings where one had the “not required”
category seem more similar than they are in reality.
I addressed the above issues by developing a new approach to calculating similarity of
mental models that employs several established statistical measures to provide more
comprehensive similarity scores (see Chapters 2 and 3).

1.4. Validation of methods of assessment of shared mental models
The paucity of objective validated assessment tools has been identified as a major
limitation to improving teamwork and ultimately reducing sentinel events in the healthcare
setting150. To date, very little is known about the psychometric properties of the existing
methods for eliciting mental models and calculating the similarity of mental models in
general99. For example, it is questionable whether the findings of studies involving
undergraduate students can be generalised to members of naturally occurring work teams who
perform complex tasks in field settings, over prolonged periods of time and have in-depth
skills and expertise130. Undergraduates do not have the expertise that individuals in complex
domains do, hence their mental models are likely to be different from those of specialists in a
given field.
Related to the problem of how best to capture the similarity of mental models is the
issue of “interrater” consistency, or reliability, versus agreement, or consensus151, which is
rarely mentioned in previous research on shared mental models. Similarity of mental models
seen as interrater consistency implies that team members with similar mental models share the
same pattern of responses, regardless of whether the responses are the same. For example, the
ratings on a measure of mental model of two teammates would have high consistency if one
team member used ratings 1 through to 3 on a 5-point rating scale (for example, 1, 1, 2, 3,3),
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while the other team member used ratings 3 through to 5 on the same scale (for example, 3, 3,
4, 5, 5). By contrast, similarity seen as interrater agreement relates to the degree to which
team members have the same responses in the absolute sense, such that they make essentially
the same ratings152. For example, there would be high agreement between two teammates
where one of them used ratings 1, 1, 2, 3, 3, and the other 1, 1, 2, 2, 3, on the same 5-point
rating scale. This distinction has implications for the metric used to arrive at shared mental
models. As noted by Webber151, “… agreeing on one set of strategic actions (as measured by
interrater agreement) is more important for interdependent team performance than simply
having correlated strategic knowledge and expectations (as measured by interrater reliability)”
(p. 313). Thus, the focus in the present study was on similarity as the degree of agreement
between team members, or the extent to which they have the same responses.
Unlike in the past, validity is today regarded as a unified concept, where construct
validity is the whole of validity. This encompasses content and criterion evidence, reliability,
and employing various methods for theory testing153, 154. Validity conceptualised in this way
requires that relevant evidence is accumulated from multiple sources to support or refute
meaningful interpretation of scores. Thus, validation is not an all-or-nothing matter. Rather, it
is conceptualised as an ongoing process which relates theory, predicted relationships and
empirical evidence at a particular time period in which the validity evidence was collected, to
suggest “which particular interpretative meanings are reasonable and which are not reasonable
for a specific assessment use or application” (p. 831)154. In the early approaches to validity, if
the test measured something it was presumed to be designed to measure, the test was deemed
to be validated. In the current approach, however, it is the proposed interpretation of test
scores that is validated, and not the test itself 155. Thus, validity involves an evaluation of the
overall plausibility of a proposed interpretation or use of test scores155.
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When developing a new measure, it is essential to address content validity156. Content
validity is the extent to which a measure reflects a particular content domain it was intended
to measure157. To assess construct validity, the variables of interest should “behave as
expected” (p. 103)158 in relation to other variables representing related constructs145. The
evidence needs to be built up in different ways to demonstrate that a given method actually
captures cognitive structures of interest153, 154. This may include, for example, studying
expert-novice differences in mental models, where experts are expected to have a higher
similarity score on the measure of mental models than novices, and team member versus nonteam member differences, where members of the same team are expected to have a higher
similarity score for mental models than individuals who are not members of the team. The
ability to distinguish between groups that the measured construct should theoretically be able
to distinguish between is also referred to as concurrent validity159. The evidence that would
support validity could also include convergence of the results from multiple techniques,
where the same relationships between variables could be obtained using different scoring
methods145.
Validity should be investigated every time a cognitive assessment technique is used in a
new context or with different stimuli160. The new approach to assessment of similarity of
mental models in OR teams in this thesis was evaluated using the unified approach to validity
while focusing on content validity and concurrent validity. Content validity was addressed in
the tool development stage and involved consulting a panel of subject matter experts in the
selection of tasks to be sorted using the new tool. It also involved an interpretation of a series
of statistical tests to examine the postulated relationships between relevant variables.
Different approaches to calculating similarity of mental models were used to test the
assumption that would support validity to establish whether the same construct can be
captured using multiple techniques of score aggregation.
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1.5. Purpose of the thesis
This project contributes to a wider programme of work161-166 focusing on teamwork and
error prevention in critical care settings, with the overarching hypothesis that harm from
human error in surgery and anaesthesia can be reduced through systematic analysis of its
causes and through implementation of appropriate strategies to counter these.
The overall aim of this project was to contribute to reducing harm to patients arising
from failures in communication by advancing our understanding of the sharing of mental
models in the OR.
Related to the overall aim, this thesis had three specific objectives.
The first objective was to develop a new empirical method for assessing the similarity
of mental models in surgery, focusing on laparotomy. This involved developing a task sorting
software application for capturing individual mental models of OR team members about
particular aspects of laparotomies, followed by developing a method for calculating the
degree of similarity of these mental models between individuals. The purpose was to capture
the degree to which OR team members agree on the order of tasks necessary for the
successful completion of routine laparotomies and who should be primarily responsible for
these tasks. It was intended that the basic principles of the new approach to eliciting mental
models of individual team members and assessing the degree of their similarity be applicable
to different situations, in order to provide a standard method for assessment of these types of
mental models in general surgery. I address this objective in Chapter 2 - Tool development.
The second objective of this project was to begin the process of validation of the new
approach to assessment of mental models in surgery. To provide the initial evidence to
support validity of the new approach, the following relationships were examined:
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The link between the scores for the degree of similarity of mental models and team
familiarity scores or the extent to which team members are familiar with each other. The
assumption that would support validity here is that OR teams whose members have
worked with each other more frequently in the past are likely to have more similar mental
models of the current task sequence and responsibility for tasks than those whose
members have worked with each other less frequently in the past.



The relationship between the degree of similarity of mental model and subteams – the
assumption being that team members from the same OR subteams (i.e., nursing, surgical
and anaesthesia) would have higher similarity scores for mental models of task sequence
and responsibility for tasks within their own subteam (i.e. intra-team), compared to mental
models with members of different subteams (i.e. inter-team).



The convergence of findings using different approaches to calculating the degree of
similarity of mental models – the assumption being that different approaches used to
calculate similarity scores for mental models should demonstrate similar results if they are
in fact capturing the same real phenomena. Thus, the assumed relationship between the
similarity scores for mental models and team familiarity scores, and similarity scores for
mental models and professional groups should be able to be demonstrated when the
degree of similarity is calculated using different methods of score aggregation.
I address the second objective in Chapter 3 – Tool validation.
The third objective of this research was to demonstrate how the new approach to

assessment of the similarity of mental models in OR teams could be extended for use in
clinical practice. This involved analysing the data from the validation study at a task level,
where the similarity scores for mental models of task sequence and responsibility for task
within an OR team were calculated for each individual task. This analysis was done at the
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level of the whole OR team and within the subteams of anaesthesia, surgery, and nursing.
Chapter 4 – Tool application addresses this objective.

The next chapter addresses the first objective of the project. In it, I describe the step-bystep process of development of the new approach to assessing mental models in OR teams.
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2. TOOL DEVELOPMENT
The need for better tools for assessing mental models in teams is clear. In the
concluding comments of their meta-analysis paper, DeChurch et al.39 called for new
approaches to enable the assessment of relevant aspects of mental models in a variety of
dynamic field settings such as healthcare, where the existing cumbersome methods are not
feasible. In this chapter I describe the steps in the development of a task sorting tool for
capturing mental models of task sequence and responsibility for task in multidisciplinary OR
teams. The larger context in which my doctoral thesis took place is described first. I then go
on to describe a pilot study testing the functionality of the new assessment approach. Finally,
I describe the process that led to the selection of the methods for calculating the scores for the
degree of similarity of mental models within OR teams used in the subsequent validation
study.

2.1. The larger context – the MORSim project
This thesis was undertaken in the context of the Multidisciplinary Operating Room
Simulation (MORSim) project, a larger body of interdisciplinary research aimed at examining
various aspects of teamwork in the OR (Australia and New Zealand Clinical Trials Registry
ID 12612001088831). The overall objective of the MORSim project was to develop a simulation-based course for multidisciplinary OR teams to improve communication and information
sharing among team members167.
The simulation scenarios in the MORSim project provided a context for the
development, testing and application of the new task sorting tool for the assessment of mental
models of OR team members. Scenarios were developed from real cases encountered by
members of the MORSim research group, which included academic and clinical leaders from
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surgery, anaesthesia, and nursing. The scenarios were designed so as to provide challenges to
participants from all of the participating disciplines.
The MORSim simulations were run over the course of a day for each team of
participants. The simulation days took place at the Simulation Centre for Patient Safety
(SCPS), University of Auckland. Each study day of MORSim involved a team of surgeons,
nurses, an anaesthetist and an anaesthetic technician taking part in three highly realistic
simulations of critical OR events, where the whole team could work together to manage the
patient. Two scenarios (the first, and the last) ran without interruption and provided the
vehicle for collecting the mental model data for this thesis. In order to provide a meaningful
clinical context for the participants to relate to, the tasks in the task sorting tool were
developed from the clinical requirements of these two simulated cases. The two scenarios
involved acute abdominal pathology: scenario 1 was appendicitis complicated by sepsis and
subsequent allergic reaction; and scenario 2, a stab wound with lacerated inferior vena cava
(IVC) complicated by cardiovascular collapse. Details of the scenarios are outlined in
Appendix I. In consultation with several specialist surgeons, a surgical model was created to
physically fit with existing anaesthetic simulators such that the combined simulator was
capable of undergoing anaesthesia and surgery.
Each simulation required the whole team to work together (and in particular coordinate
information and activities) to manage the patient effectively. Scenarios were presented in
random order to control for time-of-day and order effects. The main study day is described in
more detail in Chapter 3 – Tool validation.

2.2. Overview of steps in the development of the new task sorting tool
Langan-Fox et al.52 proposed a set of steps to be used when developing a tool intended
to capture the information on mental models in teams. These steps were considered when
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developing the new approach to assessment of mental models in this project. First, the
researcher should gain an overview of the nature of teamwork within the organisation. This
involves becoming familiar with the type of competencies and skills team members need to
complete their tasks, the scale and complexity of the team’s tasks, and the possible content of
the shared mental model. The latter could, for example, include getting a general sense of
what does and does not constitute a shared mental model of tasks and a shared mental model
of responsibilities. Second, the researcher should choose a method that is time efficient and
simple due to the research time constraints. Third, the boundaries of the mental model to be
studied should be defined. This may involve such decisions as, should the researcher select
the tasks or should this be left to the participants, and how many critical tasks should be used
in order to adequately represent a mental model of tasks that need to be completed, in this
case, during surgery.
Figure 5 summarises how I achieved the first three steps in my thesis. First, to gain an
overview of the nature of teamwork within the organisation, I conducted exploratory
observations of ten surgical cases in the clinical setting. The field notes from these
exploratory observations, as well as a comprehensive literature review of teamwork and
mental models in teams, helped in becoming familiarised with the dynamics of OR teams and
in identifying the key clinical tasks and responsibilities of OR teams. This information
subsequently served in the selection of content relevant to mental models to be explored using
the new tool and how this content was to be presented and organised using the new tool.
Second, the literature review on teamwork and the nature of mental models and their
measurement described in Chapter 1 helped identify the types of mental models to investigate
and the existing methods for assessing mental models in teams. Both the in-theatre
observations and the literature review helped with the selection of the optimal approach for
assessing mental models of task sequence and responsibility for task in OR teams in my
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thesis. Third, the boundaries of mental models to be studied were determined with help from
subject matter experts, a group of OR clinicians who, based on specific criteria, engaged in an
iterative process of defining a list of key tasks in a laparotomy.
Steps four and five proposed by Langan-Fox et al. represent steps towards content
validation. The fourth step involves generating a pool of tasks that represent the content of the
mental model of interest. In the context of development of the new task sorting tool, this
involved generating a list of crucial tasks necessary to complete a surgical procedure, piloting
of the tool, getting feedback on the tool, and adjusting of the tool on the basis of feedback.
Subject matter experts (SMEs) were consulted in selecting the key tasks to be sorted
chronologically. They also helped design the layout of the form in which to sort the key tasks,
which would represent a team member’s concept map. The tool was then pilot-tested on a
group of clinicians from the research team and participants of the MORSim practice run
study.
The fifth step involves deriving the final task pool. In my thesis, this step was based on
the feedback from researchers and OR clinicians participating in the MORSim practice run
day. It involved generating a final list of key tasks necessary for a successful management of
a patient undergoing laparotomy and refining the layout of the computer-based version of the
new tool. It also involved selecting the optimal methods for calculating the degree of
similarity of mental models of OR team members.
The sixth and final step described by Langan-Fox et al. includes eliciting, representing,
and analysing the shared mental model in the main study. In my thesis, this was achieved by
using the new task sorting tool in the main study designed as a further step in the initial tool
validation, and using the selected metrics to calculate the degree of similarity of mental
models.
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Figure 5 provides a summary of the entire step-by-step process in the development of
the task sorting tool for capturing mental models in OR teams.
In the sections that follow, I describe in more detail the preliminary in-theatre
observations and how the information gained through this exercise helped in the development
of the new task sorting tool. The iterative process of selection of tasks for the task sort is
described in more detail in section 2.4. I also describe how the development of the layout of
the form in which to sort tasks progressed from a paper version to a computer-based one
(section 2.5).
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Steps in the development of
the new tool for the
assessment of mental models

Source/participants

1. Familiarisation with
the nature of mental
models, teamwork, tasks,
and roles in the OR

Literature review

2. Choosing a method of
assessment of mental
models in OR teams

In-theatre observations (10 cases)

Literature review
In-theatre observations
In-theatre observations
Literature review

3. Defining the
boundaries of mental
models to be studied

Subject matter experts (SMEs) - 7
health professionals (3
anaesthetists, 2 surgeons, 2
nurses, all members of the
MORSim research team)

4. Content validation iterations to generate a
list of tasks; layout
prototypes; piloting and
refinement:

a )In-theatre observations; SMEs
from step 3

a) Generating a large
pool of tasks
characteristic of OR
teams in general surgery
b) Refining the
list/reducing the number
of tasks
c) Administering a paper
version of the tool (a
layout with 3 columns,
labelled 'nursing team',
'surgical team', and
'anaesthesia team, and a
set of 24 cards depicting
individual tasks to be
sorted in chronological
order, with 8 cards down
each column,
representing tasks to be
completed by each of the
3 subteams)
d) Piloting the computer
version of the new tool

5. Content validation deriving the final task
pool; selecting metrics
for calculating the
degree of similarity of
mental models of OR
team members

6. Main study /tool
validation administering the tool
during the MORSim
simulation study days

b) 8 health professionals - 3
anaesthetists (2 from previous
iterations and 1 new), 3 nurses (1
new), 1 anaesthetic technician,
and 1 surgeon (as above) - all
members of the MORSim research
team
c) 2 human factors researchers
(members of the MORSim research
team); a software specialist
d) 10 research team clinicians - 2
anaesthetists from step 2 above
and 1 new; 1 surgeon from steps
1-3 above, 1 from step 1, and 1
new; 1 nurse from step 2 and 3
above, and 1 new, 1 anaesthetic
tech as in step 3, and 1 simulation
technician
Pilot study day - a team of 6 OR
health professionals, assembled ad
hoc (2 surgeons, 2 nurses, an
anaesthetist, and an anaesthetic
technician)

Outcome

Choosing to focus on mental models of task
sequence and of primary responsibilities of OR
teams for key tasks in general surgery
Chosing a combined card sorting and concept
mapping approach for the assessment of mental
models of OR team members
Key tasks for the two surgical scenarios to be
selected by SMEs
Key tasks that can be performed by only one OR
subteam to be selected
No more than 24 tasks to be selected per scenario
(as informed by previous research and to make the
task sorting quick and easy)

a) Selection of 36 scenario-specific tasks from an
initial pool of 56 laparotomy-related tasks
characteristic of the three OR subteams
b) 24 (8 per each OR subteam) salient, discrete,
key chronological tasks relevant for a successful
completion of 2 simulated surgical scenarios,
that could potentially be performed
predominantly by one subteam, to be used in
the task sort
-Number of tasks further reduced to 21
in a subsequent iteration
c) Change of form layout to allow for tasks to be
sorted in parallel as well as in sequence, and
Assigning tasks to one of the 3 OR subteams
to be achieved by right clicking on a task in a
subsequent computer version to bring up a
menu and choose one of the 3 options/teams
d) Further reducing the number of tasks to 20
with exclusion of ambiguous tasks. Allowing for
unsorted tasks where a task may be positively
dismissed as "not required" for the procedure
A generalised tool, consisting of 20 cards to be
sorted in a predefined form, in order to capture
mental models of chronological tasks that occur in
all laparotomies through:

Feedback from those participating
in the piloting of the tool in step
4; literature review

20 established, 6-member OR
teams (2 surgeons, 2 nurses, 1
anaesthetist, and 1 anaesthetic
technician)

12. Having 3 generic "anchor" tasks for timing
into phases that define the sequence of the
procedure, with 3-4 generic tasks that precede
and follow each anchor (a total of 15), and 2 tasks
that could be scenario-specific
Methods to calculate the similarity of mental
model selected
Comparisons of similarity intra- and inter- team,
using different methods to calculate the degree
of similarity
Analysis of the relationship between shared
mental models and team familiarity

Figure 5. Summary of steps, participants, and outcomes in the development of the new task sorting tool.
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2.3. Exploratory in-theatre observations

2.3.1. Purpose
The purpose of preliminary in-theatre observations was exploratory and the resulting
observations descriptive in nature. Specifically, the goal of these observations was to learn
about the procedures and processes in the OR, tasks and roles of individual team members
and subteams (i.e., anaesthesia, surgery, and nursing), as well as the whole team. The goal
was also to observe the sequence in which actions are performed in various stages of a
surgical case. This information then assisted in identifying the key actions or tasks for the task
sorting exercise, developed to capture mental models of task sequence and of responsibility
for task. In addition, the goal was to observe how members of subteams (anaesthesia, surgery,
and nursing) coordinate their activities, as well as how they coordinate their activities with the
other OR subteams (for example, between surgical and anaesthesia subteams, and nursing and
surgical subteams).

2.3.2. Sample and method
The observations were conducted in Level 8 operating theatres of Auckland City
Hospital. Ethics and institutional approvals (NTX/12/EXP/067, A+5462, CMDHB#1267)
were obtained for the collection of clinical observations data as part of the MORSim project.
A total of 10 procedures (three laparotomies, five vascular cases, and two urology cases) were
observed over a period of two months, resulting in a total of 24 hours of surgery observed.
The same number of cases was observed in a qualitative study on the nature of coordination
of surgical teams168. The observation of procedures lasted between 35 minutes and 8.5 hours.
The selection of cases was one of convenience. However, observing a variety of surgical
cases allowed me to familiarise myself with the tasks, roles and responsibilities of the three
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OR subteams (anaesthesia, surgery, and nursing) and gain a general insight into the nature of
team dynamics between different surgical subspecialties. Watching a variety of cases also
enabled me to identify the characteristics of roles and tasks potentially unique to laparotomy
that I would subsequently explore in the simulated setting. The details of the specific cases
observed are summarised in Table 2. As in an earlier study169, field notes were taken, but no
formal method in structuring the observations was used, consistent with naturalistic
observation.

Table 2. Details of the observed surgical cases
Specialty

Procedure

No of
cases

Duration
(min.)

Vascular

Right portacath insertion

4

52-55

Vascular

Bilateral long saphenous vein

1

100

1

247 (estimated 100)

1

175 (estimated 260)

1

510 (double the

ligation + varicose ligation (defx1)
General

Excision of choledochal cyst with

(laparotomy)

hepatojejunostomy
Laparotomy for splenectomy
[incorrectly recorded in the
operative schedule as porto-caval
shunt]
Liver resection (left hepatectomy)
and biliary reconstruction +

estimated time)

cholecystectomy
Urology

Bilateral ureteroscopy +- laser

1

fragmentation +- stent insertion

135
(estimated 165)

+SPC insertion [it was decided not
to proceed with the later due to a
scrotal abscess [also repaired here]
Cystoscopy +SPC insertion

1

37 (estimated 75)
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2.3.3. Summary of observations
Detailed description of the observations can be found in Appendix II. The main points
can be summarised as follows:


Team coordination in the OR occurs both in serial and parallel fashion. Concurrent
activities are often performed by different individuals or subteams, or require interteam collaboration. Successful coordination of these activities appears to rely on the
members’ understanding and expectations regarding each other’s tasks and
preferences, and the knowledge of the steps necessary for the successful completion of
the case. This finding helped in the selection of the initial pool of general tasks in
surgical procedures to be considered for the task sorting tool. As a result of the
observation that certain tasks are conducted in parallel and by different members of
the OR team, various designs of layout in which to perform the task sort were tested.



In general, team members appeared more comfortable engaging in intra-team
coordination, with members of their own subteam, than in inter-team coordination,
with members of the other two subteams. This information provided further support
for the need to test the assumption that mental models may be more similar intra- than
inter-team to be tested in the tool validation phase of my project.



Coordination breakdowns appeared to be more common inter-team, although episodes
of miscommunication were observed intra-team, and especially where an outsider to
the team or a trainee was involved. Established teams, whose members regularly work
with each other in a team, were more likely to coordinate their information and
activities smoothly and they appeared to have a better understanding of each other’s
roles, expectations and tasks. This observation provided further justification for testing
the assumption that the extent to which team members are familiar to each other may
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be positively related to similarity of mental models in OR teams to be tested in the
validation phase of my project.

2.4. Selecting tasks for the task sorting tool – content validation
Guided by the review of relevant literature, the findings from the in-theatre
observations, and SMEs, I generated a pool of 56 potential tasks for the new task sorting tool.
Task selection was an iterative process guided by previous research40, 54-56. This involved
narrowing down the initial large pool of potentially relevant tasks to a final list of key tasks
through a series of suggestions, discussions and refinements by SMEs. Expert OR health
professionals, including at least two representatives from each OR professional group (i.e.,
anaesthesia, surgery, and nursing) assisted in selecting the tasks for the task sort, based on the
scenarios in the MORSim study. In addition, feedback was sought from a convenience sample
of six OR clinicians (two surgeons – a consultant and a registrar, two nurses, an anaesthetist,
and an anaesthetic technician), assembled for the purpose of the MORSim practice run day,
who completed the task sorting exercise. The following criteria were used in the selection of
tasks:


Each task should represent salient, general-purpose, chronological steps or actions
required during all laparotomies, as they would be performed routinely and without
complications.



The task should be considered clinically important and likely to make a difference to
patient safety if the team did not have an agreed understanding of if, when, and by
whom it should be done.



It should be a task that could be performed predominantly by one OR subteam, as
opposed to by the team as a whole, or concurrently by multiple subteams.
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The final list of tasks was not intended to be comprehensive, or necessarily consist of
tasks that are of equal importance. Rather, the list was to simply represent clearly identifiable
steps required for completion of a laparotomy in two study scenarios. Guided by previous
research (Chapter 1, Table 1), it was agreed that the final list of tasks for the task sort was not
to exceed 24 items. The aim here was to maximise the ease of use of the new tool while
minimising the time required to engage in the task sorting activity – factors that may be
important for potential future use of the tool in the clinical setting. Prior to piloting the
software version of the tool, and following multiple iterations (described in Figure 5), the
initial pool of 56 laparotomy tasks was refined and scaled down to a list of 21 tasks per
scenario in the MORSim study (Table 3).
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Table 3. Lists of tasks used in the task sorting exercise in the pilot study for the two
MORSim study scenarios.
Laparotomy for an abdominal stab wound

Laparotomy for a suspected perforated viscus

(scenario 1)

(scenario 2)

1.

Check blood availability

1. Take brief anaesthetic history and verbal consent

2.

Check patient positioning on table is

2. Prepare drugs and intubation set

satisfactory for access to abdomen

3. Ensure IV lines are patent

Assess and manage cardiovascular and fluid

4. Check the position of the endotracheal tube and

3.

status
4.

Lead sign in

5.

Pre-oxygenate patient

6.

Check monitoring is attached (ECG, SpO2,
A-line)

ventilate
5. Ensure patient is covered for dignity and kept
warm
6. Check for scars/signs of previous abdominal
surgery

7.

Perform a rapid sequence induction

8.

Perform urinary catheter insertion

9.

Prepare surgical trolley

8. Attach and check suction and diathermy

10.

Make incision

9. Confirm whether new antibiotic agents are

11.

Suction blood out

12.

Remove stab knife

10. Lead time out

13.

Ensure safe management of stab knife

11. Make incision

14.

Pack abdomen

12. Examine intra-abdominal organs

15.

Decide if massive transfusion protocol

13. Locate site of perforation

should be activated

14. Repair perforated viscus

Phone blood bank to request blood if

15. Wash out abdomen

required

16. Decide if blood should be transfused

17.

Serially remove packs off abdomen

17. Place a drain

18.

Assess damage, locate and repair injury(ies)

18. Close the incision and dress wound

19.

Decide whether to leave abdomen open or

19. Ensure bed space for patient post-op

close up

20. Give main handover to PACU or ICU staff

20.

Lead sign out

21. Confirm estimated blood loss

21.

Liaise with ICU regarding post-op

16.

7. Decide if compression stocking or calf
compressors are required

required

placement if required
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2.5. Developing layout for the task sorting tool
Two human factors researchers and a software specialist were consulted regarding the
layout of the form in which to perform the task sort. The first version of the layout matched
the one used by Marks et al.40 described earlier (Chapter 1, Table 1). It involved SMEs sorting
cards, depicting individual tasks as they would occur chronologically in the procedure, into
three separate columns on the form for the three OR subteams (i.e., anaesthesia, surgical, and
nursing) primarily responsible for them. Participants were instructed to sort all the given cards
into the predefined layout in paper form. Figure 6 below shows the resulting paper version of
the layout. Following this exercise, it became apparent that forcing participants to sort tasks in
a single chronological sequence and then assigning each task to one of the three subteams
would provide additional information as to the overall sequence of tasks for each scenario.
This information would otherwise be lost if the tasks were simply divided among subteams,
into separate columns.

Figure 6. An early paper prototype of
the task sort with an example of the
completed concept map.
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After subsequent iterations and feedback from SMEs, and following exploratory
observations, it also became evident that some of the tasks in the task sort could be performed
in parallel, rather than having to be forced into a sequence. The subsequent software version
of the task sort, built to specification by a software specialist using Visual Studio 2012, was
thus adjusted to allow participants to sort tasks in parallel, as well as in a sequence. This was
made possible by changing the layout of the form to include a “main action sequence”
column, and four additional “parallel actions” columns (Figure 7). In this version, the tasks
(i.e., actions) could be manipulated by dragging and dropping from the “unsorted” column on
the screen, to the positions in the “main action sequence” and “parallel actions” columns.

Figure 7. A snapshot of the task sorting software interface allowing tasks to be sorted in parallel as
well as in a sequence.
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Each time a task was positioned in the “main action sequence” or one of the “parallel
actions” columns, a menu automatically popped up offering a choice of one of the three
subteams primarily responsible for that task (Figure 8).

Figure 8. A snapshot of the task sorting tool interface showing a task sort in progress for the
laparotomy for an abdominal stab wound scenario. Whenever a task (i.e., action) is dropped on to a
position in a column, a menu automatically appears offering a choice of one of the three subteams
primarily responsible for that task. Clicking on one of the subteams selects that subteam as primarily
responsible for that task.

In the software version of the tool, the data output for each individual task sort is
automatically stored in a Microsoft Excel spreadsheet for easy data transfer and analysis. For
the mental model of task sequence, the numerical rank assigned to each task is recorded,
including tied ranks for those tasks sorted in parallel. For the mental model of responsibility
for task, a descriptive code is assigned to each task indicative of the subteam an individual
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performing the task sort selected as primarily responsible for the task (i.e., A – for anaesthesia
subteam; S – for surgical subteam or N – for nursing subteam).
This version of the layout was then piloted on a group of 10 health professionals from
the MORSim study research team (including 3 anaesthetists, 3 surgeons, 2 nurses, 1
anaesthetic technician, and 1 simulation technician), as well as on a set of OR clinicians who
participated in the MORSim practice run day. The final version of the task sorting tool was
based on their feedback and was then used in the main validation study.

2.6. Pilot study

2.6.1. Purpose
The purpose of the pilot study was to test the functionality of the new computer-based
task sorting application for capturing mental models, to be used in the subsequent validation
study. Of main interest were the participants’ verbal feedback on usability of the computer
interface, the clarity of the instruction for task completion, and the selection and wording of
tasks for the two scenarios. The latter was the final stage in the process of content validation.
2.6.1.1.

Setting, participants and procedure

The new task sorting software application was piloted as part of the MORSim practice
run day conducted at the Simulation Centre for Patient Safety at the University of Auckland.
The purpose of this day was to run through one of the study’s scenarios and obtain feedback
from OR clinicians (other than the ones in the MORSim research group) on the surgical and
anaesthesia models and set up, as well as the task sorting tool. A team of six OR clinicians (2
surgeons, 2 nurses, an anaesthetist, and an anaesthetic technician) participated in the pilot.
They were assembled ad hoc from various public and private hospitals in the Auckland
region.
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After the participants completed consent forms, they were familiarised with the
simulated OR environment. They were then given a 20 minute talk on teamwork by a member
of the MORSim team, followed by participation in an introductory familiarisation scenario167.
Participants then took part in a realistic simulation of an emergency laparotomy for an
abdominal stab wound. This immersive scenario required the whole team to work together
effectively in order to manage the case.
Participants performed the computer-based task sort, to capture their mental models
related to the upcoming case, immediately prior to the case scenario. They first received a
demonstration on how the computer software works by observing the researcher working
through a simple example of a task sort using the identical interface, but with a smaller
number of tasks other than those in the actual task sort that was to follow. The example task
sort was for a simple hand-washing procedure, where a small child is being helped by an adult
to wash hands. Six tasks represented salient steps in the procedure to be sorted in
chronological order or in parallel: turn tap on; apply soap to hands; rub hands together in
circular motion; clean in between fingers; rinse hands in the running water; and check no soap
left on hands. Each participant was then presented with a briefing sheet outlining the details of
the upcoming simulation scenario (see Appendix III for details of the briefs). They were then
instructed to start the task sort which required them to first read on-screen instructions on how
to manipulate tasks on the screen (see Appendix IV) before proceeding to sort the tasks.
Participants were instructed to use all the tasks available on the screen. If they did not include
all the tasks in their sort, a message popped up upon trying to exit the application reminding
them to use all the available tasks.
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2.6.1.2.

Results and discussion

Participants took an average of 9.33 minutes (range = 7-11 minutes) to complete the
task sort. Figure 9 shows the variations in ranking sequences of individual team members for
the 21 tasks in the procedure. Individual ranks were re-ranked so as to account for tied ranks
in those cases where a participant assigned the same rank to multiple tasks when they thought
those tasks should occur in parallel during the procedure. This was done by assigning the
lowest possible rank to all tasks that were assigned the same rank. Thus, if for example, task
A ranked ahead of tasks B and C (which share the same rank) which were both ranked ahead
of D, then A was given ranking number 1, B and C were given a ranking number 2 and D
was given ranking number 4. As shown in Figure 9, there were variations in how members of
the OR team ordered tasks in the procedure. In the extreme cases, some team members
believed some of the tasks should be undertaken at the beginning of the procedure, while
others thought they should be done towards the end (for example, phoning blood bank to
request blood if required, and liaising with ICU regarding post-op placement if required).
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Figure 9. A scatterplot of ranks assigned by individual team members (n=6) to individual tasks
representing the order in which the tasks should occur in the procedure.

Figure 10 shows the percentage of team members who selected one of the three
subteams as primarily responsible for individual tasks. There was a 100% agreement between
team members on which subteam they thought should be primarily responsible for nine out of
21 tasks. The anaesthetic technician and the anaesthetist had the most similar responses to
which team they thought was primarily responsible for the tasks in the procedure (95%),
while the senior surgeon and nurse B had the least similar responses (48%).
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\
Figure 10. A bar chart showing the percentage of the team (n=6) who selected one of the subteams (nursing stripes; surgery - light grey background; or anaesthesia - dark grey background) as primarily responsible
for each task. The labels inside the bars specify individual team members who selected a subteam different
from the majority of their teammates as primarily responsible for the corresponding task.

Based on the feedback from both the research team and the participants of the pilot study, it
became apparent that the task sorting tool had the potential to be further refined into a generalised
instrument that could be used in different settings. The tool was envisaged as
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capturing general tasks that occur in all laparotomies, where the answers to the same set of
questions would vary given different situations. It was also agreed that such a task list should
consist of generic but important “anchor” points or tasks for timing into phases that define the
sequence of the procedure (for example, intubation, making the incision, closing the incision).
The tool was to be modified to also include two to three general tasks that precede and follow
each anchor. In addition, the tool was to allow for inclusion of two to three tasks that could be
scenario specific. Such a template would allow for a somewhat cruder, but more meaningful
analysis of data, where the exact ordering of tasks into a sequence is not of an essence, as long
as the tasks occur between the correct anchors and anchors occur in the correct sequence. In
addition, the expert clinicians agreed that an additional “not required” category should be
included as an option in the task sorting exercise, where a task may be positively dismissed as
unnecessary by a participant and therefore not included in the sort for a given procedure. For
the unsorted tasks (i.e., those regarded as “not required” by the individual sorting the tasks), a
numerical rank of 0 is to be automatically assigned in the accompanying spreadsheet in which
the data on the completed task sort are stored.
The clinicians participating in the piloting of the tool also commented on the ambiguity
of some tasks used in the task sort. For example, the task “Assess damage, locate and repair
injury(ies)” and “Assess and manage cardiovascular and fluid status” both consist of multiple
actions or tasks instead of one. This was rectified in the final version to allow for each label to
only represent a single task.
Following the final iteration by the SMEs, the final version of the task sort tool
consisted of 18 general tasks (including three “anchors”) and two scenario-specific ones,
making a total of 20 tasks (Table 4).
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Table 4. Final list of tasks in the task sort. For each laparotomy
scenario, there were 18 general tasks and two scenario-specific
tasks.
General tasks
1.

Check blood availability

2.

Check for optimal patient positioning on table

3.

Initiate sign in

4.

Administer anaesthesia induction drugs

5.

Perform a rapid sequence induction

6.

Ensure appropriate antibiotic prophylaxis

7.

Insert urinary catheter

8.

Initiate time out

9.

Make surgical incision

10. Ensure patient warming devices in place
11. Ensure TED stockings and calf compressors on
12. Monitor ongoing blood loss
13. Organise bed space in PACU (Post-anaesthesia care unit)
14. Close incision
15. Check drains are turned on
16. Confirm estimated blood loss
17. Initiate sign out
18. Provide handover on intraoperative events to PACU staff

Scenario-specific tasks
Laparotomy for an abdominal stab injury (knife in situ) (scenario 1)
19. Inform intensive care unit
20. Remove knife from abdomen

Laparotomy for a perforated viscus (scenario 2)
19. Locate site of perforation
20. Fashion stoma

Figure 11 shows a schematic representation of a snapshot of the final version of the task
sort interface at the moment of assigning a team to an action, i.e., task.
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Unsorted
Check drains are turned
on

Main action sequence

Parallel actions

Parallel actions

Initiate sign in
Check for optimal patient
positioning on table
Locate site of perforation

Initiate sign out

Insert urinary catheter

Monitor ongoing blood
loss

Ensure appropriate
antibiotic prophylaxis

Fashion stoma

Administer anaesthesia
induction drugs
Perform a rapid sequence
induction

Ensure TED stockings
Check blood availability
and calf compressors on

Organise bed space in
PACU

Ensure patient warming
devices in place
Close incision

Initiate time out

Anaesthesia team
Nursing team
Surgical team

Figure 11. A schematic representation of the top left portion of a computer screen showing the task sorting
exercise in progress for the laparotomy for a perforated viscus scenario. An individual can sort tasks
chronologically, down the “Main action sequence” column, and in parallel, by dragging and dropping
tasks from the “Unsorted” column on to the positions in four “Parallel actions” columns. Whenever a task
is dropped on to a position in a column, a menu automatically appears offering a choice of one of the three
subteams primarily responsible for that task (as for task “Organise bed space in PACU”). Teams are
colour coded (i.e., red=anaesthesia; green=surgical; and blue=nursing), and the “card” depicting the task
changes colour accordingly once a team has been assigned to a task.

Participant feedback was that the verbal instructions and the hand-washing example
were sufficient to prepare the participants for the task sorting exercise, so the on-screen
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instructions on how to complete the task sort were excluded from the final version of the tool.
The new tool was named Momento, a play on words intended to imply its proposed use as a
(to)ol for capturing (ment)tal (mo)dels in the given context.

2.7. Calculating similarity of mental models in the Momento approach
This section describes how calculating the degree of similarity of mental models of OR
team members elicited by the Momento tool was approached in the subsequent validation
study.
One of the biggest challenges to research on mental models has been the question of
how to measure and represent cognition at the team level145, 170, 171. So far, there has been no
consensus on the best way to assess the degree of similarity of mental models. Mental models
in teams are extremely complex, and we should not make definitive conclusions on the basis
of a single method used to capture them145. Some approaches seem to be more useful for
some types of mental models than others151. A meta-analysis of literature on mental models in
teams39 revealed that different ways to calculate the degree of similarity have been found to
yield different results. In most studies, data were aggregated in order to represent constructs at
a group level145, as described in Chapter 1, section 1.3 of this thesis.
In this project, I aimed to capture a representation of the degree to which different
professionals comprising an OR team agreed on two particular aspects of the task to be done,
from the moment the patient is brought into the OR to the moment the surgery is completed
and post-operative care organised. The resulting data on the order of and responsibility for
tasks would therefore provide some insight into the degree to which mental models of task
sequence and responsibility for task of these professionals overlap, or are shared. Also, the
aim was to provide a standard method for the assessment of mental models in laparotomy. A
standard method of assessment that would be applicable in wider research settings has not
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been reported in literature to date. The biggest challenge by far to this task was finding an
optimal way to calculate the scores for the degree of similarity of individual mental models
within a team captured using the task sorting approach.
Mohammed et al.32 argued that there can be no advancement in the field of
measurement of mental models at team level if we do not compare and contrast multiple
assessment approaches within the same study. Comparing different statistical approaches to
aggregation to calculate the degree of similarity of mental models should not be difficult
within a single study as it would not require extra data collection efforts143. In view of there
being no universal method of aggregation of individual scores on mental models, and
following the logic that a suite of metrics capturing the same effect in different ways is much
more powerful than a single new metric172, I considered several approaches to assessing
similarity of mental models for use in the validation study. For calculating the scores for the
degree of similarity of mental model of task sequence (based on comparing task sequences of
individual team members), these approaches included calculating the number of common
pairs of ranks in two strings, Euclidean distance, Edit distance (Levenshtein distance) , and
Krippendorff’s alpha for ordinal data. For calculating the scores for the degree of similarity of
mental model of responsibility for task (based on comparisons of categories of subteam
selected as responsible for tasks) I considered percentage agreement, Cohen and Fleiss’
kappa, and Krippendorff’s alpha for nominal data. A brief overview of these methods is
offered in this chapter; a more detailed description of how the selected approaches were used
to analyse the data from the validation study is provided in Chapter 3 – Tool validation.

2.7.1. Calculating similarity scores for mental model of task sequence
The biggest challenge to calculating the similarity scores for mental model of task
sequence from the Momento data was how to overcome some of the problems encountered in
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arbitrary scoring approaches used in previous studies (see Chapter 1, section 1.3.1.1 ).
Another important issue was that the new scoring approach had to accommodate those
instances in which one or more team members did not include one or more tasks in the task
sort if they thought that those tasks were not required for the management of a patient in a
given scenario. Previous scoring approaches did not allow for this option.
The basic similarity score from the data generated in the Momento task sort is
calculated by comparing task sequences produced by two members of an OR subteam. These
task sequences may contain tied ranks in those cases where team members rank two or more
tasks as being done in parallel during the procedure. They may also not include one or more
tasks one or both team members decided were not required for the procedure.
The first approach to calculating pairwise similarity scores I considered was a variation
on the previous scoring approaches. It involves finding the number of common pairs of ranks
in two strings (in this case, two task sequences produced by two team members). Each pair of
ranks common to the two sequences is assigned a score of 1, and the similarity score for two
team members is the total number of pairs of ranks common to the two task sequences. This
approach makes the scoring for those tasks not included in the task sort as deemed
unnecessary for the procedure easy, as the “not required” category can simply be assigned an
arbitrary rank, or a letter where individual tasks are denoted by letters. The approach also
takes into account to some extent the information on the order of tasks, as only those tasks
that appear in the same order in the two sequences are considered a pair (for example, A-B is
not the same as B-A). However, the problem with this approach is that tied ranks make
counting the number of common pairs problematic. As with previous scoring approaches, if a
sequence is off by one or more ranks, the score changes, as depicted in Figure 12. This
problem becomes more apparent the more tied ranks there are in a sequence. As a result, we
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may underestimate how similar two task sequences are, leading to overall poor
discriminability between similarity scores.

Task
A
B
C
D

Team
member 1
Rank
assigned

Team
member 2
Rank
assigned

1
2
3
4

1
2
3
4

Task
A
B
C
D

Example 1

Team
member 3
Rank
assigned

Team
member 4
Rank
assigned

1
2
3
4

1
1
3
4

Example 2

Figure 12. Two examples of how two members of a team ranked four tasks (represented by letters) in a
sequence from 1 to 4. Using the number of common pairs in a string as the scoring approach, the
similarity score in Example 1 is 3 (i.e., for three identical pairs of ranks: 1-2, 2-3, and 3-4), but only 1 in
Example 2 (i.e., 3-4). In Example 2, tasks A and B are ranked as occurring in parallel; consequently, the
sequences for the two team members are off by one rank.

In the search for a scoring approach that would be more successful in detecting
differences between pairs of whole sequences of ranks (rather than simply between pairs of
individual tasks in a sequence), I considered Edit distance next. Edit distance is a way of
measuring how dissimilar two sequences of characters are to one another by counting the
minimum number of operations required to transform one sequence into the other. Thus, two
strings are similar if only a few operations are needed to transform one string into the other173.
The most common Edit distance measure is the Levenshtein distance, expressed as the
minimum number of characters to be deleted, inserted or substituted in order to convert one
string into another174, 175. The greater the Levenshtein distance, the more different the strings
are176.
The simple Levenshtein distance LD(a, b) needed to convert string a into string b
(through insertion, deletion or substitution) is calculated as:
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LD(a, b) = min(i + d + s)
For example, the Levenshtein distance between the strings “world” and “swirl” is 3 (one
insertion: s; one substitution: o with i; and one deletion: d):
world → sworld (insertion of “s”)
sworld → swirld (substitution of “o” with “i”)
swirld → swirl (deletion of “d” at the end)
Although Edit distance is mostly used in computational biology and computer science
to develop software applications such as spelling checkers, one version of this approach used
substitution only for comparing a large number of open-ended card sorts to reveal the
underlying concepts that occur commonly across different respondents177.
The problem with using Edit distance on the Momento data, however, is also poor
discriminability. Since this approach only counts the number of changes to convert one string
into another, and does not deal with the magnitude of these changes (for example, how far
apart the ranks are for the one sequence to be transformed into the other), the similarity score
between two sequences of task can be overestimated as in the examples shown in Figure 13.
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Sequence
1
2
3
4

Team
member 1
A
B
C
D

Team
member 2
A
C
B
D

Example 1

Sequence
1
2
3
4

Team
member 3
A
B
C
D

Team
member 4
D
B
C
A

Example 2

Figure 13. Two examples of how two members of a team ranked four tasks (represented by letters) in a
sequence from 1 to 4. Levenshtein distance in both examples is 3, although the sequences in Example 2 are
quite different, and are only off by one in Example 1. In Example 1, to convert the task sequence of team
member 2 into that of team member 1 requires one substitution (C for B), one deletion (B), and one
insertion (B before C). In Example 2, one substitution is required in the task sequence for team member 4
(D for A), one deletion (A), and one insertion (A before B).

The optimal approach to calculating the similarity scores for the Momento data would
be to count the number of moves required to transform one task sequence into another. This
would allow for more discriminability the further away tasks are ranked from each other in
the two sequences. Kendal tau distance, also known as the bubble-sort distance (as it can be
calculated using a sorting algorithm), between two sets of ranks is calculated by counting the
number of pairs that are in opposite order in the two rank sequences178, 179. Applied to the
examples in Figure 13, Kendal distance in the case of Example 1 would be 1 (B-C and C-B),
and in Example 2, it would be 5 (A-B and B-A; A-C and C-A; A-D and D-A; B-D and D-B;
and C-D and DC). The bubble-sort algorithm achieves the same by comparing each pair of
adjacent tasks and swaps them if they are in the wrong order compared to the task sequence of
the other sorter. Thus, in the Example 1 above, C would swap with B, while in Example 2 five
swaps are needed (D with B; D with C; A with D; A with C, and A with B). The problem
with this approach however, is that it cannot be applied if the “not required” category is to be
included in the comparisons of task sequences. Simply coding the “not required” tasks as
additional letters (or numbers) makes it impossible to count the number of swaps necessary to
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transform one sequence into another in those instances where one team member includes all
the tasks in his or her task sort and the other member does not. Similarly, this approach cannot
be used if more than one task is excluded as “not required” from one of the task sorts in the
pair of team members.
In order to attempt to overcome some of the shortcomings of the above methods, I
considered Euclidean distance next. Euclidean distance is the shortest distance between two
points (i.e., “as-the-crow-flies” distance)180, or the absolute value of their numerical
difference. For two sets of items, it is calculated as the square root of the sum of the squared
differences between values for the items:

√∑

Thus, the smaller the Euclidean distance, the greater the similarity between two sets of
items. Euclidean distance is an easy to understand, intuitive measure. It has been suggested
for assessing within-group diversity in organisations181, and has been used empirically to
estimate the levels of shared work values in a team182. It has also been used to calculate the
degree of similarity of mental models in teams of air traffic controllers125, where pairwise
comparisons of all possible combinations of team members’ ratings of task-related statements
on a Likert-type scale where made, and then averaged to produce a similarity score for the
mental model of the overall team.
In the case of the data from the Momento approach, and unlike some of the other
approaches to aggregation, Euclidean distance can be calculated easily for longer task
sequences. The resulting similarity scores reflect the order of individual tasks relative to all
other tasks in the sequences (i.e., the absolute distance between ranks assigned to a task by
two raters increases the further apart the ranks are in their sequence, regardless of tied ranks).
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The problem of the “not required” task category can be overcome by assigning the maximum
possible distance for the given number of sorted tasks to the pair of ranks where one of the
tasks is classified as “not required” while the other one is assigned a rank.
Because of these advantages, I chose to use Euclidean distance to calculate the
similarity scores for mental model of task sequence in OR teams in the subsequent validation
study. In addition, due to its flexibility, I chose to use Krippendorff’s alpha183 as an alternative
approach to calculating similarity scores in the validation study. Also known as KALPHA,
this measure of agreement is suitable for any number of raters, categories, scale values, or
measures. It can be used to measure agreement for any type of data (nominal, ordinal,
interval, ratio), enabling comparisons across different metrics. This statistic is suitable for any
sample size and does not require a minimum. It can also be used for incomplete or missing
data. The following general formula for Krippendorff’s alpha applies:

Where Do is the observed disagreement among values assigned to units of analysis:
∑ ∑
and De is the disagreement due to chance:
∑ ∑
Although Krippendorff’s formulas appear somewhat complex, Krippendorff himself
provides step-by-step guidance for the calculation of alpha for different types of measures in a
working example184. The first step involves constructing a data matrix where m (1, i, j,…m)
raters, value u (1, 2,…u…N) units (i.e., tasks in the procedure, in the case of the Momento)
expressed as m1, m2,…mu, mN. The next step involves tabulating coincidences within units, or
constructing a coincidence matrix, which accounts for all pairs of values found in u:
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∑

KALPHA accounts for different metrics or levels of measurement by weighing the
observed and expected coincidences by the squared difference between the coinciding values.
For ordinal metric differences, the values have the meaning of ranks and differences between
ranks depend on how many ranks they are apart from each other:

ordinal

⌊∑

⌋

As noted above, those tasks that have not been assigned ranks because of being deemed
not required are not included in the calculation of KALPHA (i.e., they are by default treated
as missing data). Treating the “not required” category from the results of the Momento task
sort as missing data would inflate KALPHA values and would make individual mental
models seem more similar than they would be if one of the members excluded one or more
tasks as not necessary for the procedure and the other did not. In the case of the data on
mental models generated via the Momento approach, tasks not ranked due to being considered
“not required” for a given procedure are a part of the story. They are a part of an individual’s
mental representation of which tasks need to (or not) be done for a successful management of
a patient. Knowing that some team members deemed a task as unnecessary while others
thought them necessary can provide richer information on the degree of overlap of their
mental models. Instead of treating the information on the “not required” tasks as missing data,
thus automatically excluding it from the calculation of KALPHA, those tasks rated as “not
required” were assigned a rank of “0” in the validation study. Such an approach is not entirely
free of flaws, especially in the case of short sequences of tasks where the value of KALPHA
drops further down in the sequence the “not required” task is placed. For example, in a task
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sequence ranging from 1 to 5 when one team member assigns a rank of 5 to a task, while the
other member ranks the same task as “not required” the value of KALPHA will be
substantially lower compared to when one team member assigns a rank of “1” and the other
team member a rank of “0” (not required) to the same task. One way to reduce this anomaly is
to assign exponential or geometric weights to the “not required” category as its rank, relative
to the rank of the other team member for the same task. However, this causes the “smoothing”
of the task sequence such that the difference between the rank assigned by one team member
and the “not required” “rank” assigned by the other team member for the same task is
underestimated. For example, in a sequence of 5 tasks, we can achieve geometric progression
for each successive task by multiplying the previous task by one half (for example, 0, 0.5, 1,
1.5, and 2 for a sequence from 1 to 5). These values are then assigned as weights to the rank
to which the “not required” task is compared as the new value for the “not required” one. For
example, comparing a sequence of 1-2-3-4-5 to a sequence of 1-2-3-4-“not required”, the “not
required” value compared to rank “5” in the first sequence now becomes 5+2=7 when a
weight of 2 is assigned to the rank of “5” and substituted for the “not required” value in the
second sequence. Such smoothing of the sequence, where the new value for the “not required”
category becomes closer in value to the comparing rank, does not appear optimal if we wish
to distinguish the “not required” option as a substantial deviation from all other possible
ranking options. The resulting similarity score would be inflated where having a disagreement
over whether or not one or more of the key tasks are required at all should bear more weight
than simply a disagreement over when the task should be done. Moreover, the re-ranking of
the “not required” task becomes more complex when we wish to compare task sequences
from multiple team members, as in the case of the entire OR team. In this project, assigning a
rank of “0” to the “not required” tasks was thus a compromise between the two extremes: a)

85

of excluding the category altogether; and b) undermining its importance where KALPHA was
calculated to arrive at a similarity score for mental model of task sequence.

2.7.2. Calculating similarity scores for mental model of responsibility for task
The problem of how to compare ranks in those instances where one or more team
members thought a task was not required for a given procedure was not relevant for
calculating the similarity scores for mental model or responsibility for task. Here, the “not
required” responses were simply coded as an extra nominal category (together with
anaesthesia, nursing, and surgical subteam categories).
I considered percentage agreement as the most intuitive first step to calculating
similarity scores in the case of mental model of responsibility for task. Percentage agreement
is a popular method for calculating inter-rater consensus due to its common sense value and
ease of calculation and interpretation185, 186. In this thesis, percentage agreement is defined as
the proportion of occasions on which individual team members select the same subteam as
each other as primarily responsible for a given task, multiplied by 100.
A study that reports complex statistics, but omits reporting raw percentage agreement
may fail to inform readers at a practical level187. A study that reports multiple statistics,
including raw percentage agreement, should however add to the validity of the analysis if it
tells a consistent story. One disadvantage of calculating percentage agreement only, however,
is that it does not take into account agreement that would be expected by chance (i.e., raters
randomly assigning categories rather than actual agreement)188. Thus, for example, two raters
would agree 33% of the time purely by chance when three rating categories are used, and 25%
of the time when four categories are used.
Consequently, I considered Cohen’s κappa189 as another metric for calculating the
similarity scores for mental model of responsibility for task. Cohen’s kappa has been
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considered by far the most popular statistic of inter-rater agreement for nominal categories190,
191

and it takes into account random agreement. It is the amount by which the observed

agreement (Po) exceeds that expected by chance alone (Pe), divided by the maximum which
this difference could be:

Po is the observed percentage of occasions on which pairs of raters agree on assigning a
case to the same category, and Pe is determined by using the observed data to calculate the
probabilities of each rater randomly selecting each category. Kappa coefficient can range
from -1 to 1, where a kappa of 1 would equate to perfect agreement, a value of 0 to chance
agreement, and negative values would indicate agreement less than chance, or potential
systematic disagreement between the observers192.
There are claims that kappa can provide more information than a simple calculation of
the raw proportion of agreement192. However, despite being the method of choice for
calculating inter-rater agreement, the kappa coefficient is not free of limitations. For example,
the method used in the calculation of kappa for trying to correct levels of observed agreement
for an amount attributable to chance has been labelled arbitrary193. In addition, the same rating
procedure may result in different and potentially very disparate values of kappa when the
proportions of cases belonging to various categories vary from population to population194.
This may make comparisons of results across studies and generalisations from the results of a
single study difficult. Maclure195 argued that kappa for two sets of observations is free of the
abovementioned arbitrariness in the case where the multiple categories used by the two raters
are natural or fixed by convention and have no inherent order; in that case, kappa may be the
best measure of overall agreement. However, since Cohen’s kappa deals with only two raters,
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I decided to use Fleiss’ extension of kappa, called the generalised kappa that accommodates
for ratings from multiple raters196, to calculate the similarity scores for mental model of
responsibility for task in the Momento validation study. Fleiss’ kappa, is defined as:
̅

where the factor 1
̅

̅
̅

̅ is the degree of agreement that is attainable above chance, and

̅ is the degree of agreement actually achieved above chance.
Fleiss’ kappa involves first calculating the proportion Pj of all assignments of subject

(i.e., in this case tasks in the procedure) i=1, … N to category (i.e., subteams selected as
primarily responsible for a task) j=1, … k
∑

,

∑

where nij is the number of raters who assigned category i to subject j. The next step
involves calculating Pj - the extent of agreement between raters for subject i , or how many
rater-rater pairs are in agreement, relative to the number of all possible rater-rater pairs:

∑

∑

[(∑

)

]

The mean ̅ of the Pi, and ̅ in the formula for k are then computed as:

̅

∑

∑∑

and
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̅

∑

In addition to percentage agreement and Fleiss’ kappa, and due to its flexibility in
dealing with different types of data, number of raters and categories, I decided to also use
Krippendorff’s alpha for nominal data to calculate the similarity scores for mental model of
responsibility for task. The formulas described in the previous section of this chapter are used
for calculating KALPHA for nominal data, minus the calculation for the ordinal metric
differences. A working step-by-step example of how to calculate KALPHA for nominal data
is provided by Krippendorff himself184. The exact way in which the similarity scores for
mental models was calculated using this metric in the main validation study is described in
more detail in Chapter 3 – Tool validation.
In the next chapter I describe the central study of my project, conducted in order to
address the second objective of my thesis, which was to test specific assumptions that would
provide initial support for the validity of the Momento approach.
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3. TOOL VALIDATION

3.1. Purpose
As discussed in chapter 1, section 1.4, I chose to evaluate the new approach to
assessment of shared mental models in OR teams using the unified approach to validity while
focusing on content validity and concurrent validity. Content validity was addressed in the
tool development stage (chapter 2, section 2.4). In this chapter, I describe a study designed to
contribute to the process of validation of the Momento approach by testing specific
assumptions that would support validity (see section 1.5, the second objective of the thesis).
This was achieved through interpretation of a series of statistical tests conducted to examine
the postulated relationships between relevant variables. In this study, data were analysed at
different levels within an OR team, and using different metrics to calculate the scores for the
degree of similarity of mental models. These analyses were conducted in order to examine the
concurrent validity of the Momento approach.
The validation study took place on MORSim simulation study days. Approval for the
study was obtained from the Central Regional Ethics Committee (CEN/12/03/002).

3.2. Method
The method for the validation study is described in the context of the MORSim
simulation study days (see Chapter 2, section 2.1).

3.2.1. Participants, sample size and power
A total of 120 participants attended the MORSim simulation days (see section 3.1).
They comprised 20 complete six-member teams each including: an anaesthetist and an
anaesthetic technician (anaesthesia subteam); a surgeon and a surgical trainee (surgical
subteam); and two nurses (nursing subteam). Teams were recruited from the Adult and
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Trauma department at Auckland City Hospital and Middlemore Hospital general surgery.
Participants were recruited using a first-come first-enrolled approach. On any one study day,
the majority of participants were from the same hospital, and would have previously worked
together.
There are no obvious data on which to base a sample size estimate for this work, as
there is no previous literature on the relationship between the variables in the OR explored in
the current study. The only empirical study exploring the similarity of mental models in the
OR is the one described earlier by Burtscher et al.56. This study included 32 two-person
anaesthesia teams participating in a single simulated scenario, but offered no rationale for the
selected sample size. The sample size in the validation study followed the requirements of the
MORSim study which was guided by previous simulation studies163, 165.
Data on mental models were collected prior to two high-fidelity simulations
representing realistic surgical cases run over the course of the day for each team, generating
240 individual responses to each measure over the course of the 40 simulated scenarios.

3.2.2. Setting, procedure and measures
Written informed consent was obtained from all participants prior to data collection. At
the beginning of each simulation day, participants filled out a simple demographic
questionnaire including questions on gender, clinical speciality, clinical experience,
experience in the OR, and experience working with the other members of the team (i.e., “team
familiarity”). The latter involved members of each multidisciplinary OR team reporting how
often they worked with the other five members of their team in the past, on a descriptive scale
ranging from 1(“never before”) to 4 (“we have worked together often”).
Each team of six participants attended for one full MORSim day and took part in the
three scenarios. Each scenario lasted approximately 40 minutes. The first and the last
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scenarios provided the vehicle for collecting the mental model data for the current study - as
mentioned earlier, the items used in the task sorting tool were developed from the clinical
requirements of these two simulated cases. Scenarios were presented in random order to
control for time-of-day and order effects.
Before starting each scenario, participants received a demonstration on how the
Momento computer application works by observing the researcher working through a simple
example of a task sort, the hand–washing procedure used in the pilot study (see section 2.6).
They were then given written case briefs on the upcoming case (see Appendix III) and the
time to read them. Participants were then asked to apply the Momento task sorting tool to that
case. They were verbally instructed to drag the cards depicting actions or tasks in the
sequence in which they believed the tasks should be performed in the given case from the
“Unsorted” column on the screen, and drop and sort them down the “MAIN ACTION
SEQUENCE” column. They were also instructed to assign the subteam (i.e., anaesthesia,
surgery, or nursing) they thought should be primarily responsible for each relevant task, by
selecting the subteam from the pop up menu appearing next to each selected task. Finally, the
participants were told they could sort tasks in parallel, using the “Parallel actions” columns on
the screen, for each step in the procedure for those tasks they believed should be done
simultaneously, regardless of the subteam responsible for the task. If they believed one or
more tasks were not required for the given case, the participants were instructed to leave them
in the “Unsorted” column on the screen. The task sort was completed when the participant
clicked on the “Complete” button in the lower right hand corner of the screen (see Figure 7,
section 2.5 in Chapter 2). If there were any tasks left unsorted, a pop up message
automatically appeared asking the participant to confirm that he or she truly wanted to
exclude the tasks from the sort. This was to ensure that the unsorted tasks were not simply
overlooked by the participants, and therefore guard against missing data.
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3.3. Data analysis

3.3.1. Calculating scores for similarity of mental models
For each participant, the Momento produced a set of numerical ranks for sequence of
the 20 tasks (including tied ranks for those tasks sorted in parallel) and a subteam category for
responsibility for each task. At its basic level of analysis, the similarity score was calculated
for a pair of team members, where their task sequences and the subteams assigned to tasks
were compared. A similarity score calculated using the scoring methods described in sections
2.7.1 and 2.7.2 was assigned to the pair for each of the two types of mental models – task
sequence and responsibility for task.
3.3.1.1.

Calculating similarity scores for task sequence

The score for the degree of similarity of mental model of task sequence for a pair of
team members was calculated in two steps:
(1)

Individual ranks in the task sequence of each team member within an OR team were reranked so as to account for tied ranks, as described in section 2.6.1.2, Chapter 2. This
was implemented in those cases where a participant assigned the same rank to multiple
tasks if they believed those tasks should occur in parallel during the procedure, rather
than sequentially. The re-ranking of tasks did not include those tasks participants
considered as “not required” for the given procedure. These were at this stage in the
analyses not assigned a rank.

(2)

Comparisons of ranks for 20 tasks were conducted for pairs of participants using
Euclidean distance and Krippendorff’s alpha (KALPHA) for ordinal data (described in
section 2.7.1.).
Euclidean distance was calculated using Microsoft Excel 2010. For each of the 20
ranked tasks in the sequence, this involved calculating the distance between the ranks
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assigned to a task by two team members. The resulting distances for each task were then
squared and added up, and the square root of this sum represented the similarity score
for the task sequence for the two team members. If one of the two team members
classified a task as “not required” for the given procedure instead of assigning it a rank,
then the Euclidean distance for the pair was the maximum possible distance between
two ranks in the list of tasks. For a list of 20 tasks, this is calculated as the difference
between the last and the first rank: 20-1=19. The distance scores for each task could
vary between 0 (total agreement, where both participants assigned the same rank to the
same task, including those instances where two “not required” options were selected for
the same task), and 19 (total disagreement) for a pair of ranked tasks.
Euclidean distance is a measure of how far apart the scores are from each other.
Thus, in order to convert distance scores to similarity scores, we first need to work out
the maximum possible distance (or dissimilarity) score for the entire sequence of tasks.
Such maximum disagreement is theoretically possible if one of the two team members
whose ranks are being compared sorts all tasks as “not required” in a procedure. For a
list of 20 tasks, this is √(20x192) = 84.97. The given distance score for two sets of ranks
is then divided by their maximum possible distance and the result subtracted from 1:
(

)

This results in rescaled Euclidean distance scores which now range from 0 (total
disagreement) to 1 (total agreement or similarity). Such rescaling can be applied to any
number of tasks in a sequence.
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The similarity score for the whole OR team for task sequence was the mean
rescaled Euclidean distance of all possible pairwise combinations of rank sequences
within the OR team (i.e., 15, in the case of 6-member teams).
To calculate KALPHA, a macro designed by Hayes and Krippendorff197 for
computing KALPHA for subjective judgments made at any level of measurement, any
number of judges, with or without missing data, was imported and used in IBM SPSS
version 21. The calculation of KALPHA to arrive at the similarity score for the entire
OR team involved simultaneously comparing mental models of all six members of the
team by tabulating and comparing the differences between all pairs of rankings assigned
to each task (as described in section 2.7.1). As discussed in detail in section 2.7.1, those
tasks that an individual omitted as “not required” in the given procedure were assigned
a rank of 0 when calculating similarity scores using this method.

3.3.1.2.

Calculating similarity scores for responsibility for task

For the assessment of the similarity of mental models of responsibility for task, I took
the following approach to scoring. For each of the 20 tasks, pairwise comparisons involved
assigning a score of 1 if the two individuals assigned the task to the same subteam (e.g.,
anaesthesia). Alternatively, a score of 0 was assigned if the two individuals did not assign the
task to the same subteam, or if one of the individuals did not assign a subteam to a task due to
believing the task to be “not required” in the given procedure.
Where percentage agreement was used to calculate similarity scores, the total similarity
score for a pair of team members was the mean of individual similarity scores for 20 tasks.
Thus, the total similarity score could range from 0 (total disagreement) to 1 (total agreement)
when expressed as proportions, or 1 to 100 when expressed as percentages.
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Fleiss’ kappa was calculated using a Microsoft Excel spreadsheet created for this
purpose198 (available for download at http://www.ccit.bcm.tmc.edu/jking/homepage). This
macro takes into account multiple raters of multiple tasks, where the degree of observed
agreement is calculated as described in section 2.7.2.
To calculate the similarity scores using KALPHA, I used the same SPSS macro as the
one used to calculate KALPHA for the similarity of task sequence (see section 3.3.1.1), but
with “nominal” as the data type option.
In the case of both Fleiss’ kappa and KALPHA, a ‘”not required” response was treated
as a separate, fourth nominal category.

3.3.2. Calculating team familiarity scores
As described in section 3.2.2, within each OR team, members reported on how often
they worked with the other five members of their team in the past, on an ordinal scale ranging
from 1(“never before”) to 4 (“we have worked together often”). This resulted in five
individual ratings by each participant of their fellow team members. These ratings were
averaged over participants belonging to the same subteam so that, for each pair of participants
in a subteam (e.g., anaesthetist and anaesthetic technician for the anaesthesia subteam), the
mean of their ratings of each other was taken as that subteam’s average familiarity score. To
arrive at the mean OR team-level familiarity score, the average of all possible familiarity
scores for pairs of team members was calculated.
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3.3.3. Assessing validity – levels of analysis
In order to test the assumptions that would provide initial support for the validity of the
Momento approach (see sections 1.5 and 3.1), similarity scores for mental models (for both
task sequence and responsibility for task) were calculated within each OR team at three main
levels of analysis:
1) Overall OR team:
a) When Euclidean distance was used to calculate the similarity score for mental
model of task sequence, and percentage agreement was used to calculate the
similarity score for responsibility for task, the similarity score for each OR team
was calculated by averaging all possible pairwise comparisons within the OR
team.
b) When KALPHA for ordinal data was used to score similarity for task sequence,
and Fleiss’ kappa and KALPHA for nominal data used to score similarity for
responsibility for task, the similarity scores of all members of the OR team were
simultaneously compared.

2) Intra-team:
a) for each subteam – where pairwise comparisons of ranks and categories for
similarity scores were conducted separately for:
i)

Anaesthesia subteam (A) - consisting of an anaesthetist (AN) and an
anaesthetic technician (AT)

ii) Nursing subteam (N) - consisting of Nurse A (Na) and Nurse B (Nb), and
iii) Surgical subteam (S) - consisting of a consultant surgeon (Sa), and a junior
surgeon (Sb).
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This resulted in a separate similarity score for each individual subteam within
each OR team, for each type of mental model and scenario.
b) overall intra-team – where the score for similarity of mental model was the mean
of intra-team scores for the three subteams within that OR team, for each type of
model and scenario.
3) Inter-team:
a) for comparisons with members from other subteams within the OR team
When similarity score was calculated using Euclidean distance and percentage
agreement, the following pairwise comparisons were made:
i)

Anaesthesia subteam with nursing subteam (AN) – this was the mean
similarity score for pairings A-Na, A-Nb, AT-Na, and AT-Nb

ii) Anaesthesia subteam with surgery subteam (AS) – i.e., mean similarity score
for A-Sa, A-Sb, AT-Sa, and AT-Sb pairings; and
iii) Nursing subteam and surgery subteam (NS) – i.e., mean similarity score for
Na-Sa, Na-Sb, Nb-Sa, and Nb-Sb pairings
This resulted in a separate similarity score for each of the three inter-team
groupings (i.e., AN, AS, and NS) within each OR team.
When similarity was calculated using Fleiss’ kappa and KALPHA, the interteam comparisons involved simultaneously comparing the ranks and categories
assigned by all the members within each of the three intra-team groupings (i.e., AN,
AS, NS), rather than calculating the mean of the corresponding pairwise
comparisons.
b) overall inter-team – where the similarity score was the mean of inter-team scores
for the three inter-team groupings in an OR team.
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Table 5 provides a summary of all the levels of analysis used in the validation study.

Table 5. A summary of the levels at which data were analysed within each OR team.
Groupings

Pairwise comparisons
(Euclidean distance, percentage agreement)*

Total individual similarity scores
for comparison (for 20 teams)

OR team

mean of A-AT, Na-Nb, Sa-Sb, AN, AS, and
NS

Intra-team

Individual subteam
anaesthesia A (A-AT)
surgery S (Sa-Sb)
nursing N (Na-Nb)

20
20
20

Overall intra-team
mean of A-AT, Na-Nb, and Sa-Sb

60

Inter-team

Individual inter-team
AN (mean of A-Na, A-Nb, AT-Na, and ATNb)
AS (mean of A-Sa, A-Sb, AT-Sa, and ATSb
NS (mean of Na-Sa, Na-Sb, Nb-Sa, and NbSb)
Overall inter-team
mean of AN, AS and NS

300

80
80
80
240

*When KALPHA and Fleiss’ kappa were used to score similarity of mental model, the similarity scores of
all members of the OR team were simultaneously compared, as well as those for overall intra-team and
overall inter-team groupings.

3.3.3.1.

Assessing the relationship between similarity scores for mental models and team
familiarity scores

In order to address the second objective of this thesis – beginning the process of
validation of the new Momento approach - I examined the link between the similarity scores
for mental models and team familiarity scores. The assumption that would support validity
here is that OR teams whose members have worked with each other more frequently in the
past are also likely to have more similar scores on mental models of the sequence of tasks and
responsibility for task, as assessed by the new Momento tool. A Spearman’s rank-order
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correlation was calculated to test this assumption. Mean familiarity scores for the OR teams
were compared to mean similarity scores for the OR team, for each type of mental model and
for each scenario.
3.3.3.2.

Assessing the relationship between intra-team and inter-team similarity scores
for mental models

The relationship between the similarity scores for mental model and subteam groupings
was tested in order to provide further support for the validity of the Momento approach. Here,
the assumption was that OR subteams would have more similar scores for mental models of
task sequence and responsibility for task within their own subteam, than when compared
inter-team.
First, the intra-team versus inter-team relationship was examined at the level of the OR
team. This involved comparing the overall intra-team similarity score to the overall inter-team
similarity score within each OR team. Second, intra-team similarity scores for each individual
subteam were compared to inter-team similarity scores of that subteam with other subteams.
Thus, the intra-team scores for the subteam A were compared to the inter-team scores for the
combined AS and AN groupings, respectively; subteam S scores were compared to AS and to
NS scores; and subteam N scores were compared to NS and to AN scores (see Table 5). It
could be expected that members of a professional subteam, such as those working closely
together in anaesthesia, might have greater similarity scores for their mental models than
might be expected between one subteam and another, for example comparing anaesthesia with
nursing.
To test the above relationships, a paired samples t-test was calculated in the cases where
the similarity scores were normally distributed, and a Wilcoxon signed rank test where the
data did not satisfy the normality criteria. Normality of the distribution of differences of intra-
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team versus inter-team means was assessed used the Shapiro-Wilk test199, which was found to
be superior to nine other statistical procedures for evaluating the normality of a sample200.
The null hypothesis for this test is that the data are normally distributed. Therefore, if the pvalue < 0.05, then the null hypothesis is rejected and there is evidence that the data tested are
not from a normally distributed population.
3.3.3.3.

Comparing multiple methods for calculating similarity scores for mental models

As discussed in Chapter 1, section 1.4, one of the different ways to demonstrate that a
given assessment approach actually captures the same cognitive structures of interest is to test
the assumption that the same relationships between variables could be found using different
scoring methods. Therefore, for each method used to calculate the score for the degree of
similarity of mental model (described in sections 2.7.1 and 2.7.2), I examined the relationship
between similarity scores for mental model and team familiarity score, and intra-team versus
inter-team similarity scores for mental model. Spearman’s rank-order correlation was
calculated to explore the degree to which similarity scores calculated using different scoring
methods were correlated for each type of mental model and each scenario.

3.4. Results

3.4.1. Demographics
One hundred-and-twenty participants (20 consultant and 20 junior surgeons; 20
consultant anaesthetists or senior anaesthetic fellows and 20 anaesthetic technicians; and 40
nurses) completed the task sort related to scenario 1 (laparotomy for an abdominal stab
wound). The data from one participant (Nurse A from team 11) was subsequently excluded
from the analysis of data from scenario 1 because she misunderstood the instructions for
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completing the task sorting exercise. The task sort for scenario 2 was completed by 119
participants because a junior surgeon had to leave the course early for personal reasons.
Within each OR team, there were more females (62.5%) than males. Figure 14 shows the
participants’ mean self-reported clinical experience and experience in the OR for each of the six
members of an OR team.

Figure 14. Participants’ mean self-reported years of clinical experience and experience in the OR

3.4.2. Similarity scores for mental models and team familiarity scores
The descriptive statistics for the similarity scores for task sequence calculated using rescaled
Euclidean distance and KALPHA for ordinal data for scenario 1 and 2 are summarised in Table 6.
The descriptive statistics for the similarity scores for responsibility for task for Scenario 1 and 2
calculated using percentage agreement, Fleiss kappa, and KALPHA for nominal data are
summarised in Table 7.
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Table 6. Summary statistics for the similarity scores for mental model of task sequence for scenario 1 and 2 for the OR team, intra-team, and
inter-team. Mean similarity scores are expressed as rescaled Euclidean distance and KALPHA for ordinal data.

Task sequence

OR team
Rescaled Euclidean distance
KALPHA
Overall intra-team
Rescaled Euclidean distance
KALPHA
A subteam
Rescaled Euclidean distance
KALPHA
S subteam
Rescaled Euclidean distance
KALPHA
N subteam
Rescaled Euclidean distance
KALPHA
Overall inter-team
Rescaled Euclidean distance
KALPHA
AN
Rescaled Euclidean distance
KALPHA
AS
Rescaled Euclidean distance
KALPHA
NS
Rescaled Euclidean distance
KALPHA

Scenario 1
Laparotomy for an abdominal stab wound

Scenario 2
Laparotomy for a suspected perforated viscus

95% CI
Lower Upper
bound
bound

Min

Max

Mean

SD

Std error
of the
mean

95% CI
Lower Upper
bound bound

Min

0.01
0.02

0.75
0.67

0.79
0.77

0.68
0.45

0.86
0.88

0.83
0.83

0.04
0.07

0.01
0.02

0.81
0.80

0.85
0.87

0.74
0.68

0.86
0.93

0.05
0.10

0.01
0.02

0.76
0.71

0.80
0.80

0.67
0.50

0.86
0.89

0.83
0.84

0.04
0.07

0.01
0.02

0.81
0.81

0.85
0.88

0.74
0.68

0.88
0.93

0.76
0.72

0.07
0.17

0.02
0.04

0.73
0.64

0.79
0.80

0.60
0.15

0.93
0.97

0.83
0.83

0.08
0.15

0.02
0.03

0.79
0.76

0.87
0.90

0.65
0.40

0.95
0.98

0.80
0.79

0.08
0.14

0.02
0.03

0.77
0.72

0.84
0.85

0.61
0.55

0.92
0.97

0.83
0.84

0.07
0.10

0.02
0.02

0.80
0.80

0.86
0.89

0.67
0.61

0.90
0.95

0.79
0.76

0.08
0.18

0.02
0.04

0.75
0.67

0.83
0.85

0.65
0.36

0.90
0.96

0.83
0.85

0.09
0.14

0.02
0.03

0.79
0.78

0.87
0.92

0.56
0.34

0.92
0.97

0.77
0.72

0.04
0.10

0.01
0.02

0.75
0.68

0.79
0.77

0.67
0.46

0.86
0.88

0.83
0.83

0.04
0.07

0.01
0.02

0.81
0.80

0.85
0.87

0.74
0.68

0.86
0.93

0.78
0.74

0.05
0.13

0.01
0.03

0.76
0.68

0.81
0.80

0.68
0.42

0.87
0.90

0.83
0.83

0.05
0.10

0.01
0.02

0.81
0.79

0.85
0.88

0.69
0.57

0.89
0.93

0.77
0.73

0.06
0.12

0.01
0.03

0.74
0.67

0.79
0.78

0.66
0.51

0.85
0.90

0.83
0.83

0.06
0.10

0.01
0.02

0.81
0.78

0.86
0.88

0.68
0.64

0.91
0.95

0.76
0.71

0.06
0.12

0.01
0.03

0.73
0.65

0.78
0.77

0.62
0.37

0.86
0.89

0.82
0.84

0.05
0.08

0.01
0.02

0.80
0.80

0.85
0.87

0.69
0.60

0.88
0.93

Mean

SD

Std error
of the
mean

0.77
0.72

0.04
0.11

0.78
0.75

Max

Note: A=anaesthesia; S=surgical; N=nursing; AN=anaesthesia and nursing subteam combined; AS=anaesthesia and surgical subteam; NS=nursing and surgical subteams combined
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Table 7. Summary statistics for the similarity scores for mental model of responsibility for task for scenario 1 and 2 for the OR team, intrateam, and inter-team. Mean similarity scores are expressed as percentage agreement, Fleiss kappa, and KALPHA for nominal data.
Task sequence

Scenario 1
Laparotomy for an abdominal stab wound
Mean

OR team
Percentage agreement
Fleiss’ kappa
KALPHA
Overall intra-team
Percentage agreement
Fleiss’ kappa
KALPHA
A
Percentage agreement
Fleiss’ kappa
KALPHA
S
Percentage agreement
Fleiss’ kappa
KALPHA
N
Percentage agreement
Fleiss’ kappa
KALPHA

Scenario 2
Laparotomy for a suspected perforated viscus

95% CI for mean
Lower
Upper Min
bound
bound

Max

Mean

Std error of the
mean

0.69
0.53
0.54

0.05
0.07
0.07

0.01
0.02
0.02

0.67
0.50
0.51

0.71
0.57
0.57

0.62
0.43
0.44

0.78
0.67
0.67

0.72
0.57
0.58

0.06
0.08
0.08

0.01
0.02
0.02

0.69
0.54
0.54

0.74
0.61
0.62

0.61
0.40
0.44

0.82
0.73
0.74

0.74
0.60
0.60

0.06
0.08
0.08

0.01
0.02
0.02

0.71
0.56
0.57

0.76
0.63
0.64

0.60
0.38
0.40

0.83
0.71
0.72

0.75
0.62
0.63

0.05
0.07
0.07

0.01
0.02
0.02

0.73
0.58
0.59

0.77
0.65
0.66

0.67
0.49
0.50

0.83
0.73
0.73

0.76
0.63
0.64

0.11
0.16
0.15

0.02
0.04
0.03

0.71
0.56
0.57

0.81
0.70
0.71

0.55
0.33
0.35

0.90
0.84
0.85

0.78
0.66
0.67

0.07
0.11
0.10

0.02
0.02
0.02

0.75
0.61
0.62

0.81
0.71
0.72

0.65
0.49
0.50

0.90
0.85
0.85

0.73
0.58
0.59

0.10
0.16
0.16

0.02
0.04
0.03

0.68
0.50
0.51

0.76
0.65
0.66

0.50
0.20
0.22

0.90
0.85
0.85

0.73
0.57
0.58

0.08
0.12
0.11

0.02
0.03
0.03

0.69
0.52
0.53

0.76
0.63
0.64

0.55
0.31
0.33

0.85
0.77
0.78

0.72
0.58
0.58

0.09
0.14
0.14

0.02
0.03
0.03

0.68
0.51
0.52

0.77
0.65
0.65

0.50
0.22
0.24

0.85
0.76
0.77

0.75
0.61
0.62

0.08
0.12
0.12

0.02
0.03
0.03

0.71
0.55
0.56

0.78
0.67
0.68

0.60
0.37
0.39

0.85
0.77
0.78

SD

Std error of the
mean

95% CI for mean
Lower Upper
Min
bound bound

SD

Max
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Table 7 continued
Task sequence

Scenario 1
Laparotomy for an abdominal stab wound
Mean

Overall inter-team
Percentage agreement
Fleiss’ kappa
KALPHA
AN
Percentage agreement
Fleiss’ kappa
KALPHA
AS
Percentage agreement
Fleiss’ kappa
KALPHA
NS
Percentage agreement
Fleiss’ kappa
KALPHA

SD

Std error of the
mean

Scenario 2
Laparotomy for a suspected perforated viscus

95% CI for mean
Lower
Upper Min
bound
bound

Max

Mean

SD

Std error of the
mean

95% CI for mean
Lower Upper
Min
bound bound

Max

0.68
0.54
0.55

0.05
0.07
0.07

0.01
0.02
0.02

0.65
0.51
0.52

0.70
0.57
0.58

0.59
0.43
0.43

0.78
0.67
0.67

0.71
0.58
0.59

0.06
0.08
0.08

0.01
0.02
0.02

0.68
0.54
0.55

0.74
0.62
0.62

0.58
0.46
0.47

0.83
0.73
0.73

0.72
0.58
0.59

0.08
0.11
0.11

0.02
0.02
0.02

0.68
0.53
0.54

0.75
0.63
0.64

0.56
0.35
0.36

0.84
0.75
0.76

0.74
0.62
0.62

0.09
0.11
0.11

0.02
0.02
0.02

0.70
0.57
0.57

0.78
0.67
0.67

0.46
0.34
0.35

0.85
0.77
0.77

0.67
0.54
0.55

0.07
0.08
0.07

0.01
0.02
0.02

0.64
0.51
0.51

0.70
0.58
0.58

0.51
0.37
0.38

0.76
0.66
0.66

0.71
0.59
0.59

0.07
0.09
0.10

0.02
0.02
0.02

0.68
0.54
0.55

0.75
0.63
0.64

0.61
0.47
0.47

0.85
0.79
0.85

0.64
0.50
0.51

0.06
0.08
0.08

0.01
0.02
0.02

0.61
0.47
0.47

0.67
0.54
0.54

0.50
0.36
0.37

0.75
0.62
0.62

0.68
0.54
0.54

0.07
0.09
0.09

0.02
0.02
0.02

0.64
0.50
0.50

0.71
0.58
0.59

0.51
0.37
0.38

0.88
0.80
0.80

Note: A = anaesthesia; S = surgical; N = nursing; AN = anaesthesia and nursing subteam combined; AS = anaesthesia and surgical subteam; NS = nursing and surgical subteams
combined
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Table 8 summarises the descriptive statistics for the variable “team familiarity” for the
OR team. No significant correlation was found between team familiarity scores and similarity
scores for mental model of task sequence in scenario 1 (Spearman’s rho = -0.304, p = 0.176)
or scenario 2 (Spearman’s rho = - 0.070, p = 0.769) when similarity scores were calculated
using rescaled Euclidean distance. The relationship was also found to not be statistically
significant when similarity scores were calculated using KALPHA for ordinal data in scenario
1 (Spearman’s rho = -0.228, p = 0.333) and scenario 2 (Spearman’s rho = 0.069, p = 0.774).
There was also no significant correlation between team familiarity scores for the OR
team and similarity scores for mental model of responsibility for task in scenario 1
(Spearman’s rho = 0.170, p = 0.474) or scenario 2 (Spearman’s rho = -0.040, p = 0.867) when
percentage agreement was used to calculate similarity. Similarly, no significant correlation
was found between team familiarity scores when either Fleiss’ kappa was used to calculate
similarity scores in scenario 1 (Spearman’s rho = 0.198, p = 0.402) and scenario 2
(Spearman’s rho = -0.069, p = 0.774), or KALPHA for nominal data in scenario 1
(Spearman’s rho = 0.198, p = 0.402) and scenario 2 (Spearman’s rho = 0.069, p = 0.774).
No statistically significant relationship was found between the similarity scores for
mental model and team familiarity scores at intra- team level, inter-team level, or for
individual professional groups for either type of mental model or scenario (p<0.05).
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Table 8. Summary of statistics for the variable “team familiarity” at OR team
level (N=20).
95% Confidence
Interval for Mean

“Team familiarity”

Mean

SD

Lower
Bound

Upper
Bound

Min

Mean OR team

2.60

0.36

2.56

2.63

1.93

3.33

Mean intra-team

2.99

0.59

2.72

3.27

2.00

3.83

A

3.05

0.93

2.61

3.49

1.00

4.00

S

2.50

1.19

1.94

3.06

1.00

4.00

N

3.43

0.69

3.10

3.75

2.00

4.00

Mean inter-team

2.51

0.37

2.34

2.68

1.83

3.24

AN

3.07

0.59

2.80

3.35

1.50

4.00

AS

2.16

0.36

1.99

2.33

1.63

2.88

NS

2.30

0.57

2.03

2.57

1.50

3.88

Max

Note: Team familiarity score was an average response to the question “How long have you worked with the
other participants?” and was coded as 1 = “Never before”, 2 = “Maybe once or twice before”; 3=”A number
of times before”; and 4=”We have worked together often”.

3.4.3. Similarity scores for mental model and subteams
3.4.3.1.

Similarity scores for mental model of task sequence intra- versus inter-team

The difference scores for the overall intra-team and inter-team similarity using both
rescaled Euclidean distance and KALPHA for ordinal data in Scenario 1 were normally
distributed, as assessed by the Shapiro-Wilk test (p=0.598, and p=0.384 , respectively). In the
case of scenario 1, similarity scores for mental model of task sequence were significantly
greater intra-team (0.78±0.01) than inter-team (0.77±0.01), when similarity was calculated
using rescaled Euclidean distance t(19)=2.513, p=0.021, Cohen’s d=0.56, mean difference
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0.02, 95% confidence interval 0.003 to 0.03. Similarly, a significant relationship was found
using KALPHA for ordinal data to calculate similarity scores intra-team (0.75±0.02) and
inter-team (0.72±0.02), t(19)=3.222, p=0.04, Cohen’s d=0.72, mean difference 0.03 , 95%
interval 0.01 to 0.05). Figure 15 shows overall intra-team and inter-team scores and 95%
confidence intervals calculated using rescaled Euclidean distance (a) and KALPHA for
ordinal data (b) for individual teams (n=20) in scenario 1.
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a) Rescaled Euclidean distance

b) KALPHA

Figure 15. Mean overall intra-team versus inter-team scores using a) rescaled Euclidean distance and b)
KALPHA for ordinal data with 95% confidence intervals for similarity of mental model of task sequence,
for scenario 1 (laparotomy for an abdominal stab wound); p=0.021. The further apart the circles, the larger
the mean difference in similarity scores intra-team versus inter-team.
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In the case of scenario 2, the difference scores for the overall intra-team and inter-team
similarity were not normally distributed, as assessed by the Shapiro-Wilk test (p=0.002 for
rescaled Euclidean distance, and p=0.006 for KALPHA for ordinal data), and by the
inspection of skewness and kurtosis values (1.94 and 5.33 respectively for rescaled Euclidean
distance, and 1.62 and 3.19 for KALPHA for ordinal data). As a result, the nonparametric
Wilcoxon Signed-Rank test was conducted to determine if there were differences between
similarity scores for task sequence intra-team versus inter-team. No statistically significant
difference in the overall similarity scores intra-team (Mdn=0.84) versus inter-team
(Mdn=0.85) was found when rescaled Euclidean distance was used to calculate the similarity
scores (z=-0.373, p=0.709), or when KALPHA was used to compare overall intra-team
(Mdn=0.85) with overall inter-team (Mdn=0.86) scores (z=-1.381, p=0.167). Table 9 shows
the statistics for the intra-versus inter-team comparisons for mental model of task sequence
for both scenarios.

3.4.3.1.1.

Subteam versus inter-team comparisons of scores for mental model of task
sequence for individual subteams

In the case of the anaesthesia subteam (A), their subteam similarity scores were
compared to the inter-team similarity scores for anaesthesia and nursing subteams (AN), and
to the inter-team scores for anaesthesia and surgical subteams (AS), respectively. As shown in
Table 9, no significant differences were found between the similarity scores of anaesthesia
subteams compared to the AN inter-team scores, when either rescaled Euclidean distance or
KALPHA was used, in either scenario. Similarly, no significant differences were found
between the anaesthesia subteam scores and AS inter-team scores, for either rescaled
Euclidean distance or KALPHA were used to score similarity, in either scenario.
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In the case of the surgical subteam (S), their individual subteam similarity scores were
compared to the inter-team scores for surgical and anaesthesia subteams (AS), and to the
inter-team similarity scores of surgical and nursing subteams (NS), respectively. In scenario
1, surgical subteams had significantly higher similarity scores for mental models of task
sequence within their own subteam than the surgical and anaesthesia subteams combined,
when both rescaled Euclidean distance and KALPHA were used to calculate similarity.
Similarity scores for mental models of surgical subteams in scenario1 were also significantly
higher for the subteam than for surgical and nursing subteams together. This was the case
regardless of the metric used to calculate similarity.
In the case of scenario 2, there were no significant differences between the similarity
scores for surgical subteams and inter-team scores for surgical and anaesthesia subteams,
regardless of the metric used to score similarity. Similarly, no statistically significant
difference was found between the similarity scores for surgical subteams and inter-team
scores of the surgical and nursing subteams. Again, this was the case when both rescaled
Euclidean distance and KALPHA were used to arrive at similarity scores.
In the case of the nursing subteam (N), their individual subteam similarity scores for
task sequence were compared to the inter-team scores for nursing and anaesthesia subteams
(AN), and to the inter-team scores for nursing and surgical subteams (NS), respectively. For
both scenario 1 and scenario 2, no significant differences were found between the similarity
scores of nursing subteams and the inter-team similarity scores of nursing and anaesthesia
subteams, regardless of the method used to score similarity. Similarly, no significant
differences were found between the similarity scores of nursing subteams and inter-team
similarity scores of nursing and surgical subteams in either scenario, and regardless of
whether rescaled Euclidean distance or KALPHA were used to score similarity.
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The statistically significant intra- versus inter-team differences in the similarity scores
for mental model of task sequence between the surgical and anaesthesia, and surgical and
nursing subteams in scenario 1 are depicted graphically in Figure 16.
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Table 9. Statistics for the intra-versus inter-team comparisons of similarity scores for mental model of task sequence for scenario 1 and 2. All
statistics are shown only where significant relationships were found.

Similarity for task sequence

Overall intra- vs inter-team
Rescaled Euclidean distance
KALPHA
Individual intra- vs inter-team
Anaesthesia subteam:
A-AS
Rescaled Euclidean distance
KALPHA
A-AN
Rescaled Euclidean distance
KALPHA
Surgical subteam:
S-AS
Rescaled Euclidean distance
KALPHA
S-NS
Rescaled Euclidean distance
KALPHA
Nursing subteam:
N-AN
Rescaled Euclidean distance
KALPHA
N-NS
Rescaled Euclidean distance
KALPHA

Scenario 1
(laparotomy for an abdominal stab wound)
Mean
Std
tp value
95% CI
difference error
test
of the
mean
Lower
0.02
0.03

0.01
0.01

-0.01
-0.004

2.513
3.222

Effect size
(Cohen’s
d)

Mean
difference

Upper

0.021*
0.004*

0.003
0.01

0.03
0.05

0.01
0.03

0.502
0.897

-0.04
-0.07

-0.02
-0.01

0.01
0.03

0.083
0.585

0.04
0.06

0.02
0.03

2.362
2.070

0.05
0.08

0.02
0.03

2.758
2.660

0.01
0.03

0.01
0.03

0.562
0.391

-0.02
-0.04

0.03
0.04

0.02
0.03

0.079
0.216

-0.004
-0.03

0.56
0.72

Scenario 2
(laparotomy for a perforated viscus)
Std
tp
95% CI
error
test value
of the
mean
Lower
Upper

0.004
0.009

0.004
0.005

0.709
0.167

-0.01
-0.002

0.01
0.02

0.03
0.06

-0.0001
0.02

0.01
0.02

0.841
0.921

-0.03
-0.05

0.02
0.05

-0.05
-0.07

0.003
0.04

0.007
0.008

0.02
0.03

0.996
0.370

-0.04
-0.06

0.04
0.05

0.029*
0.052*

0.004
-0.001

0.07
0.12

0.52
0.46

0.004
0.02

0.01
0.02

0.992
0.387

-0.02
-0.02

0.02
0.06

0.013*
0.015*

0.01
0.02

0.08
0.14

0.60
0.60

0.02
0.01

0.01
0.02

0.778
0.809

-0.02
-0.04

0.04
0.06

0.04
0.09

0.004
0.02

0.01
0.02

0.794
0.179

-0.02
-0.03

0.03
0.06

0.06
0.10

0.02
0.01

0.02
0.02

0.445
0.563

-0.02
-0.03

0.04
0.06

Effect
size
(Cohen’s
d)

* p<0.05
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a) Rescaled Euclidean distance

b) KALPHA

Figure 16. Individual subteam scores with mean 95% group confidence intervals for similarity of mental model
of task sequence for the surgical subteam (S) and the inter-team scores for surgical and anaesthesia subteams
(AS), and surgical and nursing subteams (NS), for scenario 1 (laparotomy for an abdominal stab wound), for
the 20 teams. The further apart the markers are, the greater the intra- versus inter-team difference in
similarity scores.
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3.4.3.2.

Similarity scores for mental model of responsibility for task intra- versus interteam

Table 10 shows the statistics for the intra-versus inter-team comparisons for mental
model of responsibility for task for both scenarios, when similarity was calculated using
percentage agreement, Fleiss’ kappa, and KALPHA for nominal data. The difference scores
for the intra-team and inter-team similarity in Scenario 1 were normally distributed, as
assessed by the Shapiro-Wilk test (p = 0.343 for percentage agreement; p=0.637 for Fleiss’
kappa; p=0.504 for KALPHA for nominal data). In the case of scenario 1, the similarity
scores for mental model of responsibility for task were significantly higher intra-team than
inter-team when all three methods for calculating similarity were used. In the case of scenario
2, the difference scores for the intra-team and inter-team similarity were normally distributed
when similarity was calculated using percentage agreement (p=0.167), Fleiss’ kappa (p=303),
and KALPHA for nominal data (p=0.203), as assessed by Shapiro-Wilk test. The paired
samples t-test showed that the similarity scores for mental model of responsibility for task
were significantly higher intra-team than inter-team, regardless of the method used to
calculate similarity.
The forest plots in Figure 17 show the mean similarity scores for mental model of
responsibility for task for intra-team and inter-team groupings for the two scenarios.
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Scenario 1 (laparotomy for an abdominal stab wound)

a) Percentage agreement

b) Fleiss’ kappa

c) KALPHA

Scenario 2 (laparotomy for a perforated viscus)

b) Percentage agreement

b) Fleiss’ kappa

c) KALPHA

Figure 17. Mean overall intra-team versus inter-team scores with 95% confidence intervals for similarity of
mental model of responsibility for task calculated using three methods for scenario 1, and scenario 2. The
further apart the diamonds, the larger the mean difference in similarity scores intra-team versus inter-team
when each method was used to calculate the degree of similarity.
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3.4.3.2.1.

Subteam versus inter-team comparisons of scores for mental model of
responsibility for task for individual subteams

The similarity scores for the anaesthesia subteam (A), for mental model of
responsibility for task were compared to the inter-team similarity scores for anaesthesia and
the nursing subteams (AN) and the anaesthesia surgical subteams (AS) respectively. As
shown in Table 10, for scenario 1, anaesthesia subteams had a significantly higher similarity
score for mental model of responsibility for task for their subteam than inter-team with
nursing subteams, and with surgical subteams. This was true for all three metrics used to
calculate similarity. In scenario 2, the similarity scores for mental model of anaesthesia
subteams were significantly higher than the inter-team scores of anaesthesia and surgical
subteams, regardless of the methods used to calculate similarity. The difference between
similarity scores for mental model of responsibility of task for anaesthesia subteam and the
inter-team scores for anaesthesia and nursing subteams in scenario 2 was not significant for
either metric used to calculate similarity.
The similarity scores for the surgical subteam (S) were compared to the similarity
scores for the inter-team model of the surgical and anaesthesia subteams (AS) and the
similarity scores for the inter-team model of surgical and nursing subteams (NS) respectively.
As shown in Table 10, for scenario 1, on average, similarity scores of surgical subteams were
significantly higher than the inter-team scores of surgical and anaesthesia subteams when
percentage agreement was used to calculate similarity. However, no significant difference was
found when Fleiss’ kappa and KALPHA were used to calculate similarity. In the same
scenario, the similarity scores for the surgical subteams were on average significantly higher
than inter-team similarity scores of the surgical and nursing subteams. In scenario 2, no
statistically significant difference was found between the similarity scores for surgical
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subteams and inter-team similarity scores of surgical and anaesthesia subteams, for either
method used to calculate similarity. In the same scenario, the surgical subteam had a
significantly higher similarity score for their subteam than inter-team with the nursing
subteam when similarity of mental model was calculated using percentage agreement.
However, the difference between the similarity scores of surgical subteams and inter-team
scores of surgical and nursing subteams was not significant when similarity was calculated
using Fleiss’ kappa and KALPHA for nominal data.
The similarity scores for the nursing subteam (N) for responsibility for task were
compared to the inter-team similarity scores of nursing and anaesthesia subteams combined
(AN) and nursing and surgical subteams combined (NS) respectively. For both scenarios, the
similarity scores for the nursing subteam were significantly higher within their subteam than
inter-team scores with the surgical subteam, when similarity was calculated using all three
methods (see Table 10).
The similarity scores for responsibility for task of the nursing subteam were not
significantly different from the scores of the combined nursing and anaesthesia subteams in
either scenario and when similarity was calculated using different methods.
The significant differences in individual subteam versus inter-team scores are
graphically depicted in Figures 18-21.

118

Table 10. Statistics for the intra-versus inter-team comparisons for mental model of responsibility for task for scenario 1 and 2. All statistics
are shown only where significant relationships were found.
Scenario 1
(laparotomy for an abdominal stab wound)
Similarity for
task sequence

Mean
difference

Std error of t-test
the mean

p value

95% CI

Lower
Overall intra- vs inter-team
Percentage agreement
Fleiss’ kappa
KALPHA

Scenario 2
(laparotomy for a perforated viscus)
Effect size Mean
(Cohen’s difference
d)

Std error of
the mean

t-test

p value

Upper

95% CI

Lower

0.06
0.05
0.06

0.01
0.01
0.01

5.221
4.539
4.951

<0.0005*
<0.0005*
<0.0005*

0.04
0.03
0.03

0.08
0.08
0.08

1.17
1.01
1.11

0.09
0.09
0.09

0.03
0.03
0.03

3.201
2.588
2.758

0.005*
0.018*
0.013*

0.03
0.02
0.02

0.14
0.16
0.16

0.72
0.58
0.62

0.04
0.05
0.05

0.02
0.02
0.02

2.652
2.228
2.476

0.016*
0.038*
0.023*

0.01
0.003
0.008

0.08
0.09
0.10

0.05
0.04
0.04

0.03
0.03
0.03

2.110

0.048*
0.299
0.299

0.0004
-0.03
-0.03

0.09
0.08
0.08

0.03
0.03
0.03

3.344
2.258
2.443

0.003*
0.036*
0.025*

0.03
0.01
0.01

0.04
0.04
0.04

Effect size
(Cohen’s
d)

Upper

0.01
0.01
0.01

4.932
4.277
4.786

<0.0005*
<0.0005*
<0.0005*

0.03
0.02
0.02

0.06
0.05
0.06

1.10
0.96
1.07

0.07
0.08
0.08

0.02
0.02
0.02

4.285
4.042
4.083

<0.0005*
0.001*
0.001*

0.04
0.04
0.04

0.10
0.12
0.12

0.96
0.90
0.91

0.59
0.50
0.55

0.04
0.05
0.05

0.02
0.03
0.03

0.094
0.135
0.083

-0.01
-0.01
-0.005

0.09
0.10
0.11

0.11
0.11
0.11

0.47

0.02
-0.03
0.002

0.02
0.02
0.02

0.257
0.877
0.928

-0.02
-0.05
-0.04

0.06
0.04
0.05

0.14
0.15
0.15

0.75
0.51
0.55

0.06
0.04
0.04

0.02
0.02
0.02

0.01*
0.141
0.092

0.01
-0.01
-0.008

0.10
0.09
0.09

Individual intra- vs inter-team
Anaesthesia subteam:
A-AS
Percentage agreement
Fleiss’ kappa
KALPHA
A-AN
Percentage agreement
Fleiss’ kappa
KALPHA
Surgical subteam:
S-AS
Percentage agreement
Fleiss’ kappa
KALPHA
S-NS
Percentage agreement
Fleiss’ kappa
KALPHA

2.110

0.47
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Table 10 continued
Scenario 1
(laparotomy for an abdominal stab wound)
Similarity for
task sequence

Mean
difference

Std error of
the mean

t-test

p value

95% CI

Lower
Nursing subteam:
N-AN
Percentage agreement
Fleiss’ kappa
KALPHA
N-NS
Percentage agreement
Fleiss’ kappa
KALPHA

0.01
-0.005
-0.006

0.02
0.03
0.02

0.08
0.07
0.07

0.02
0.03
0.03

3.431
2.505
2.464

Scenario 2
(laparotomy for a perforated viscus)
Effect size Mean
Std error of
(Cohen’s difference the mean
d)

t-test

p value

Upper

0.750
0.853
0.791

-0.03
-0.06
-0.10

0.04
0.05
0.04

0.003*
0.022*
0.024*

0.03
0.01
0.01

0.12
0.13
0.13

0.79
0.57
0.57

0.01
-0.007
-0.002

0.01
0.02
0.02

0.07
0.07
0.08

0.02
0.02
0.02

4.117
3.302
3.698

95% CI

Effect size
(Cohen’s
d)

Lower

Upper

0.629
0.691
0.917

-0.02
-0.04
-0.04

0.04
0.03
0.03

0.001*
0.004*
0.002*

0.03
0.03
0.03

0.10
0.12
0.12

0.93
0.74
0.83

*p<0.05
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Scenario 1 (laparotomy for an abdominal stab wound)

Scenario 2 (laparotomy for a perforated viscus)

Figure 18. Mean similarity scores with mean 95% group confidence intervals for mental model of responsibility
for task for anaesthesia subteams (A) and inter-team similarity score for anaesthesia and surgical subteams (AS),
for scenario 1 and 2. The further apart the markers are, the greater the subteam versus inter-team difference in
similarity scores.
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Scenario 1 (laparotomy for an abdominal stab wound)

Scenario 2(laparotomy for a perforated viscus)

Figure 19. Mean individual subteam similarity scores with mean 95% group confidence intervals (using three
methods to calculate similarity) for mental model of responsibility for task for the nursing (N) and surgical (S)
subteams, and mean inter-team similarity scores for surgical and nursing subteams (NS) for scenario 1 and 2,
respectively. The further apart the markers are, the greater the intra- versus inter-team difference in similarity
scores.
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Scenario 1 (abdominal stab wound)

Figure 20. Mean individual subteam similarity scores with mean 95% group confidence intervals (using three methods of calculating similarity)
for mental model of responsibility for task for the anaesthesia subteam (A) and mean inter-team similarity scores for anaesthesia and nursing
subteams (AN) for scenario 1. The further apart the markers are, the greater the intra- versus inter-team difference in similarity scores.
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Scenario 1 (abdominal stab wound)

Figure 21. Mean individual subteam similarity scores with mean 95% group confidence intervals (using three methods to calculate similarity) for
mental model of responsibility for task for the surgical subteam (S) and mean inter-team similarity scores for anaesthesia and surgical subteams (AS)
for scenario 1. The further apart the markers are, the greater the intra- versus inter-team difference in similarity scores. The intra- versus inter-team
difference was significant (p<0.05) when similarity was scored using percentage agreement, but not when Fleiss’ kappa and KALPHA were used.
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3.4.3.3.

Using multiple methods to calculate the similarity scores for mental models

The final assumption that would support validity of the Momento approach was that the
identified relationships between the similarity scores for mental models and team familiarity
scores, and intra-team versus inter-team differences in similarity scores for mental models
should be demonstrated when similarity scores were calculated using different metrics. Table
11 shows bivariate correlations of the variables examined in the study. Spearman’s rank-order
correlation showed that different metrics used to calculate the similarity scores for the two
types of mental models were highly correlated. Rescaled Euclidean distance and KALPHA
for ordinal data, used to calculate the similarity scores for mental model of task sequence,
were significantly positively correlated in the case of scenario 1 (rs(18) = 0.908, p < 0.0005)
and scenario 2 (rs(18) = 0.932, p < 0.0005). Similarly, there was significant positive
correlation between all the scores for mental model of responsibility for task calculated using
the three methods in scenario 1 ( rs(18) = 0.992, p < 0.0005 between percentage agreement
and both Fleiss’ kappa and KALPHA for nominal data; and rs(18) = 1.00, p < 0.0005 between
Fleiss’ kappa and KALPHA for nominal data), and scenario 2 ( rs(18) = 0.996, p < 0.0005
between percentage agreement and both Fleiss’ kappa and KALPHA for nominal data; and
rs(18) = 1.00, p < 0.0005 between Fleiss’ kappa and KALPHA for nominal data).
No statistically significant relationship was found between the similarity scores for
mental model and team familiarity scores, for either type of mental model and regardless of
the metric used to calculate the degree of similarity in both scenarios. Where the relationship
between similarity scores for mental model of task sequence and subteams was investigated,
similar patterns of results emerged when both Rescaled Euclidean distance and KALPHA for
ordinal data were used to calculate similarity. Here, there was more agreement intra-team than
inter-team that was due to surgical subteams having more similar scores for mental models

125

within their subteam than inter-team with anaesthesia, and with nursing subteams, regardless
of the method used to calculate the similarity scores (see Table 9). In the case of mental
model of responsibility for task, similar patterns of results emerged regardless of which of the
three metrics (i.e., percentage agreement, Fleiss’ kappa, and KALPHA for nominal data) were
used to calculate the similarity scores. The exception was the intra-team versus inter-team
relationship between the similarity scores for mental model of the surgical subteam and interteam similarity scores of surgical and anaesthesia subteams in scenario 1, and the inter-team
model of surgical and nursing subteams in scenario 2, where a significant difference was
found only when percentage agreement was used to calculate similarity scores. Therefore, the
last assumption regarding validity was largely supported.
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Table 11. Descriptive statistics and correlations at the dyad-Level for scenario 1 and 2.
Mean
2.60

SD
0.36

0.77
0.72

0.04
0.11

-0.32
-0.23 0.91*

Scenario 2 (PERFORATED VISCUS)
4. Rescaled Euclidean distance
0.83
5. KALPHA
0.83

0.04
0.07

-0.07
-0.07

0.69
0.53
0.54

0.05
0.07
0.07

0.17
0.20
0.20

Scenario 2 (PERFORATED VISCUS)
9. Percentage agreement
0.72
10. Fleiss’ kappa
0.57
11.KALPHA
0.58

0.06
0.08
0.08

-0.04
-0.07
-0.07

1. Team familiarity

1

2

3

4

5

6

7

8

9

10

SMM of task sequence
Scenario 1 (STAB WOUND )
2. Rescaled Euclidean distance
3. KALPHA

0.93*

SMM of responsibility for task
Scenario 1 (STAB )
6. Percentage agreement
7. Fleiss’ kappa
8.KALPHA

0.99*
0.99* 1.00*

1.00*
1.00* 1.00*

* Spearman’s rank-order correlation , p<.0005
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3.5. Summary of results and discussion
The results of the validation study do not provide support for the assumption that being
familiar with teammates is related to higher similarity scores for mental models of task
sequence and responsibility for task within OR teams. The assumption that similarity scores
for mental models within subteams would be significantly higher than inter-team similarity
scores was largely confirmed by the findings for responsibility for task, and partially
confirmed for task sequence. Further, results provide partial support for the differences
between OR subteams in understanding of the key tasks and their sequence, and responsibility
for those tasks. The new Momento approach to assessing mental models in OR teams
distinguished between the surgical subteam as a group having greater similarity scores for
mental models of task sequence within their subteam than inter-team with both anaesthesia
and nursing subteams. It also distinguished between the surgical subteam as a professional
grouping having higher similarity scores for responsibility for task within their subteam than
inter-team with the nursing subteam in the case of the laparotomy for an abdominal stab
injury. It also distinguished the anaesthesia, and the nursing subteams from the surgical
subteam on the degree of similarity of mental model of responsibility for task in both
scenarios. Finally, the findings of the validation study provide support for the assumption that
different measures of similarity of mental models should demonstrate similar results if they
are in fact measuring the same real phenomena. These findings are discussed in more detail in
the section below.

3.5.1. Similarity scores for mental models and team familiarity scores
I found no significant relationship between team familiarity scores and similarity scores
for either type of mental model investigated in this study. There are several possible
explanations for this finding.
128

A likely reason for this finding is that team member agreement on the sequence of key
tasks in two laparotomy procedures is not related to how often members of OR teams have
worked with each other in the past. Likewise, for mental model of responsibility for those
tasks. It may be that there are other variables, not captured in the present study, that are more
likely to be related to similarity of these types of mental models than how familiarity
teammates are with each other. For example, as proposed in the IPO model of teamwork
depicted in Figure 2, personality traits, being trained at different times in different institutions
or countries could have influenced mental models studied here more than how frequently
team members worked with each other in the past.
Another possible reason for this finding is that teams in the current study were all
established OR teams who have worked with each other before – a characteristic that was one
of the requirements of the wider MORSim project. Therefore, there may not have been
sufficient variability in the sample of participants on how often they had worked with each
other in the past to distinguish between “non-familiar” and extremely “familiar” teams.
Another possible explanation is that simply having worked with team members in the
past may not be enough to develop similar mental models. The present findings could
alternatively be explained in the context of the nature of the task at hand. Familiarity with
teammates, in terms of knowing how they function, what skills and abilities they possess, and
what they are likely to do next, becomes more important the more dynamic the team’s task
is30. If a task is highly proceduralised and it does not matter which team member does what,
knowing your teammates is not as important as in the case of a more complex and dynamic
task which requires higher adaptability and greater anticipation of the needs and actions of
teammates. This type of knowledge is thought to help individuals in a team form viable
expectations for performance30. Thus, because emergency surgery is highly dynamic, it could
be that knowledge of teammates’ personal characteristics, rather than simply having worked
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with teammates in the past, may be more relevant for similar mental models to develop in a
team. This broader definition of how familiar team member are with each other was not
explored in this study. Related to this is the previous discussion on more versus less
specialised teams. If we follow the Venn diagram analogy presented earlier to visually
describe the concept of a shared mental model in a team, it is unlikely that there will ever be a
complete overlap of mental models of individual members of OR teams as they consist of
professionals with largely specialised roles. Highly dynamic and unpredictable situations such
as those in emergency surgery require that the team relies to a high degree on specialised
knowledge and expertise. Consequently, the overlap between models of individual team
members related to tasks will be smaller in teams of specialists than in teams with less
specialised knowledge. A distinction between teams based on the level of specialisation of
team members has not previously been made in the context of mental models and their
relationships with other variables. Therefore, it is possible that although the extent to which
team members are familiar with each other may be related to mental models in teams that are
less reliant on specialised knowledge, it may not make a difference in teams of specialists. In
such teams, there is a limit to how similar mental models of individuals should be if the team
is to also rely on specialised knowledge.
Similarly, it may be that other broader factors related to how familiar teammates are
with each other, but not investigated in the current study, influenced the findings. For
example, having prior positive experiences in a team, such as good coordination of activities
with fellow team members, or prior success with the team achieving positive outcomes, is
more likely to positively affect mental models201. Alternatively, if some team members have
had negative experiences in terms of coordination with other team members, or poor
individual or team performance in the past, they may not develop mental models that
complement those of other team members201. Further, as the effect of how familiar teammates
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are with each other seems to be most beneficial during the team formation stage and decreases
over time138, it could be that, for the already established teams of participants in the current
study, the association between familiarity with teammates and mental models had diminished.
In addition, it could be that the 4-point Likert-type scale used to capture the extent to
which team members have previously worked with each other was not sensitive enough to
distinguish the possible different levels of “team familiarity”. Relying on subjective reports
and recollections of participants introduces random error that is usually balanced out by
obtaining multiple responses to the same questions202. However, there were examples in some
of the teams in the current study where one team member reported having worked “a number
of times before” with one of the other team members, while that team member reported to
have “never before” worked with the same team member. Averaging out such contradictory
responses could have potentially skewed the team’s familiarity score and potentially
influenced the findings on the relationship with similarity scores for mental models.
Finally, it could be that the extent to which team members are familiar with each other
is not related to similarity of mental models in all situations. The level of uncertainty as to the
potential surgical complications prior to the actual surgery in the scenarios the Momento task
sort was based on in this research was low. It could be that how familiar teammates are with
each other becomes relevant only in unpredictable emergent situations, when crisis occurs
during surgery, rather than where complications are not anticipated.

3.5.2. Similarity scores for mental models and subteams
I found that, overall, members of the same OR subteam had more similar scores for
mental model of task sequence within their own subteam (i.e. intra-team), compared to
members of different subteams (i.e. inter-team) in scenario 1. The intra-team versus interteam difference in similarity scores was not significant in scenario 2. However, this
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relationship was confirmed in both scenarios for mental model of responsibility for task.
These findings thus largely support the validity of the Momento approach at the overall intraversus inter-team level.
3.5.2.1.

Similarity scores for task sequence and subteams

Similarity scores for mental model of task sequence were significantly greater intrateam than inter-team in scenario 1, but not in scenario 2. One possible explanation for this
difference is that participants were more likely to have encountered a laparotomy for a
perforated viscus (scenario 2) than a stab wound requiring laparotomy. This in turn could
have contributed to the greater overall agreement among OR teams as to the required steps
and their order in the case of the more familiar procedure. The ability to discriminate between
a more common and a less common surgical scenario provides further support for the validity
of the Momento approach.
Individual subteam versus inter-team analysis showed that the overall intra- versus
inter-team difference was due to the members of the surgical subteam having greater
similarity scores on the sequence of tasks in scenario 1 within their own subteam than interteam with anaesthesia, and nursing subteams. The finding of no differences in similarity
scores for task sequence for the more familiar procedure (laparotomy for a perforated viscus)
was confirmed at individual subteam versus inter-team level for all comparisons. The greater
alignment of mental models within OR teams as to the order of the key steps is also implied
by higher mean similarity scores in this scenario. Thus, the assumption that would support the
validity of the Momento approach that there would be greater similarity of models on task
sequence within individual subteams than inter-team was only confirmed for the surgical
subteam and the less common scenario.
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3.5.2.2.

Similarity score for responsibility for task and subteams

Similarity scores for mental model of responsibility for task were significantly higher
for members belonging to the same subteam than between members of different subteams
(inter-team). Thus, the second assumption that would support validity that mental models of
subteams are more similar than inter-team mental models is confirmed for this type of model.
Looking more closely at individual subteam versus inter-team comparisons, the postulated
relationships were task-dependent. In scenario 1, the assumption was supported for:


Anaesthesia subteam – where similarity score was higher within their subteam than
between members of anaesthesia and surgical, and anaesthesia and nursing subteams;



Surgical subteam – who had higher similarity score than with nursing, but not the
anaesthesia subteam (except when similarity was calculated using percentage
agreement); and



Nursing subteam – who had a higher similarity score than inter-team, with members of
the surgical, but not anaesthesia subteam.
In scenario 2, the second assumption was supported for:



Anaesthesia subteam – whose similarity score was higher than the inter-team score
with the surgical, but not the nursing subteam; and



Nursing subteam – whose similarity score was higher than their inter-team one with
the surgical, but not anaesthesia subteam.
The findings distinguish the anaesthetist and an anaesthetic technician as a subteam

having a higher similarity score between each other than with surgeons or nurses on who
should be primarily responsible for the key tasks in scenario 1, despite the fact that
anaesthetists and surgeons are medical specialists and anaesthetic technicians are not.
Similarly, both the subteam of surgeons and the subteam of nurses had a higher similarity
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score on who should be responsible for tasks in scenario 1 in their subteams than inter-team
with each other. This may point to individual subteams relying more on their backgroundspecific knowledge and experience when faced with a more uncommon task (scenario 1). In
scenario 2, both anaesthesia and nursing subteams had higher similarity scores within their
respective subteams than inter-team with the surgical subteam. In both scenarios, the nursing
subteam had higher similarity scores within their subteam than inter-team with the surgical
subteam. This finding has practical implications for the smooth collaboration between the
scrubbed members of the OR team – the surgical subteam and the scrub nurse. The high level
of coordination required of these professionals could be compromised if the scrub nurse has
different expectations from the surgeons of who should be responsible for what in both
common and uncommon laparotomy.
Regardless of the type of mental model, professional differences in the degree of
agreement were less pronounced in the case of laparotomy for a perforated viscus than the
less common laparotomy for an abdominal stab wound scenario. This can have practical
implications. Having a similar mental model becomes more important during dynamic tasks
requiring more flexibility and team member adaptability, where team members’ knowledge of
each other’s responsibilities and needs may enhance their ability to develop viable
expectations for performance30.

3.5.3. Using multiple methods to calculate the similarity scores for mental models
The third assumption that would support validity stated that different measures of
similarity of mental models should demonstrate similar results if they are in fact measuring
the same real phenomena. The findings largely support this assumption.
All methods used to calculate similarity produced scores for each type of model that
were highly, significantly, and positively correlated. Similar patterns of results emerged when
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different methods were used to represent similarity for both types of mental models. No
statistically significant relationship was found in this study between team familiarity scores
and similarity scores for mental models, although various metrics were used to calculate
similarity. Similar patterns were also found when comparing similarity scores of intra- versus
inter-team groupings when similarity was calculated using different metrics. The only
exceptions were a significant difference between similarity scores of the surgical subteam and
their inter-team scores with the anaesthesia subteam in scenario 1, and with the nursing
subteam in scenario 2, when percentage agreement was used to calculate the scores for
responsibility for task. As discussed in section 2.7.2 of this thesis, percentage agreement is the
most intuitive, but lax measure of agreement, as it does not take into account chance
agreement. This issue is reflected in the findings of the present study, where mean agreement
for all professional groupings was consistently higher when similarity scores for mental
model of responsibility for task were calculated using percentage agreement, compared to the
other two metrics. The above divergence of findings when this metric was used to calculate
similarity scores could be explained by not accounting for agreement due to chance in the
calculation of similarity using percentage agreement. Despite this, I argue that percentage
agreement can still be useful, informative, and possibly the most intuitive way to assess
agreement on who should be responsible for what in practical situations. When time is
limited, which is often the case in emergency surgery, data on individual mental models of
who should be responsible for what in an upcoming procedure could be relatively effortlessly
aggregated using percentage agreement. This information can then be used to initiate
discussion in the OR team in order to align individual team members’ understandings of
responsibilities prior to the procedure. This is discussed in more detail in the next chapter of
this thesis.
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In summary, the data from the validation study largely support the validity of the
Momento approach. The first assumption on the relationship between similarity scores for
mental models and team familiarity scores was not supported by the data. However, the
second assumption that the Momento approach would distinguish between similarity scores
within subteams from the similarity scores for inter-team mental models was largely
supported in the case of the mental model of responsibility for task in both laparotomy
scenarios. This assumption was also partially supported for the mental model of task sequence
in less common scenario 1. The data supported the third assumption that multiple ways to
calculate similarity scores would yield similar results. The Momento approach was also able
to distinguish between a more common and a less common surgical scenario. This finding
provides further support for the validity of the Momento approach.

3.5.4.

Clinical significance of the findings

What are the implications of these findings for practice? Despite the relatively high p
values, seemingly large effect sizes and relatively narrow 95% CIs for the intra- versus interteam comparisons, it is difficult to know whether these statistically significant differences
may be of clinical relevance. Looking at figures 15 and 17, depicting overall intra- versus
inter-team comparisons at team level, variation within each group of scores is relatively small,
and except for only one or two of the 20 intra- versus inter-team pairs, the intra-team scores
are higher than the inter-team ones. However, the difference between the overall intra- and
inter-team scores is relatively small. In the case of mental model of task sequence in scenario
1, the effect sizes of the overall and surgical subteam intra- versus inter-team difference in
similarity were moderate as per established criteria203, with relatively wide 95% confidence
intervals for the mean differences. This indicates that intra-team versus inter-team differences
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in the degree of similarity of mental models found in the present study are likely to be too
small to be of practical relevance.
Further, the absence of similar studies, especially in the healthcare context, makes it
difficult to compare the effect sizes found in this study to those reported in prior studies of a
similar nature. Comparisons could potentially be made to radiology-specific studies of the
rates of agreement on interpretations of imaging studies and disease detection by radiologists.
These studies have found a 2 to 6 percent clinically significant differences in the rates of
agreement in radiology practice204-206, with higher disagreement rates (4.2%) for those more
serious cases where the discrepancy could potentially adversely affect outcome205. In a study
comparing emergency physicians and radiologists in the interpretation of head CTs, the level
of agreement between the two types of specialist was 83.8%207. The authors regarded the level
of disagreement of 16.2% found in this study as significant and warranting intervention, such
as continuous medical education workshops, to improve the level of agreement between
specialists. In other studies, discrepancy between emergency physicians and radiologists in
their readings of patients’ X-rays has been reported to be between 0.95% and 16.8%208, 209.
Related to the problem of data interpretation in the clinical context is the statistical issue
of whether or not to correct for multiple comparisons, as when examining intra- versus interteam differences at several different levels of analysis.
When we test many hypotheses, each test has a specified probability of Type I error,
which involves the incorrect rejection of the null hypothesis or the finding of a “false
positive” relationship between variables. The probability of committing Type I errors can
increase sharply the more tests we conduct. This can have serious implications if the results of
multiple tests are to be interpreted as a whole and if important decisions are to be based on
these results210, 211.
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There are contrasting views on how to deal with the issue of multiple comparisons.
These depend on how much importance is assigned to the problem of controlling for Type I
error while maintaining the likelihood of detecting an effect if it exists211, 212. No single
solution will be acceptable for all situations211. For example, some of the common adjustment
methods, such as Bonferroni adjustment, have been criticised for being too conservative and
of limited practical value213-215. Authors generally agree that rigorously controlling for an
error rate in the case of multiple comparisons is a must in confirmatory studies, where the
goal is to provide a definitive proof of a predefined key hypothesis that is to guide final
decision making210, 216, such as trials of new drugs. However, when the research is pursuing
novel or exploratory hypotheses, multiple test adjustments are not strictly required210, 216, 217.
Some authors go even further to argue that any form of correction for multiple comparisons is
a “penalty for peeking” (p.29)218, where labelling some observed relationships as chance
findings prevents a more intensive scrutiny and future research that may provide us with a
better understanding of the potentially interrelated phenomena213, 219.
A moderate view proposes that, regardless of whether corrections for multiple
comparisons are performed or not, in exploratory studies multiple significance tests should
only be used with caution and for descriptive purposes, and not for decision-making216, 217.
The findings of such studies should be tested further in confirmatory studies216, where the cut
off for significance level should be higher214.
This thesis represents novel and exploratory research, and is a first step in validation of
a new tool for assessing phenomena not previously quantified in the multidisciplinary OR
setting. Therefore, I argue that to formally correct for multiple comparisons in the beginning
stages of this research would hinder the potential to explore what may be real, clinically
relevant differences between groups of OR team members and how they perceive each other’s
tasks and responsibilities, in subsequent studies. In view of the findings and recommendations
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from literature, and given the high risk nature of the healthcare environment where potential
for error is greater and consequences may be more damaging than in most industries, a small
significant difference in similarity of mental models of responsibility for task found in the
present study warrants further inspection.
In the chapter that follows, I use the data gathered in the validation study to demonstrate
how the Momento approach could be extended to inform clinical practice. Here, the degree of
similarity of mental models is explored at the level of individual tasks in the surgical
procedure for the entire OR team and for individual subteams.
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4. TOOL APPLICATION
This chapter addresses the third objective of my thesis, which was to demonstrate how
the Momento approach to assessment of mental models in OR teams could be extended for
use in clinical practice. Ultimately, the goal of this analysis was to provide a quick and easy
way to establish the degree of agreement within an OR team on the sequence in which tasks
should be performed in the upcoming procedure and which subteam should be primarily
responsible for each task. In one application, this information could be obtained before
starting an operation and then shared among the members of the team so that they could
discuss the potential discrepancies and subsequently align their mental models before the
upcoming surgery.
The specific aim here was to show how the Momento approach could be used to answer
the following questions:
1) To what degree do OR team members agree prior to the procedure on when each key
task in the procedure should be done. This information would be indicative of their shared
mental model of task sequence; and
2) To what degree do OR team members agree on who is primarily responsible for each
key task, prior to the procedure. This information would be indicative of their shared mental
model of responsibility for task.

4.1. Analysis of the data at the level of the task
The data gathered during the validation study described in chapter 3 were analysed at
the level of individual tasks in each of the two study scenarios.
As in the validation study, for each participant, the data from the Momento task sort
were presented as a set of numerical ranks, where each of the 20 tasks was represented by a
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number denoting its rank in the sequence, and a subteam category assigned to each task
representing a subteam chosen as primarily responsible for that task. All possible pairwise
comparisons of individual ranks and categories within each OR team were conducted to
calculate the degree of similarity of the mental models. To help understand the potential
applicability of the Momento approach in the clinical context, the similarity scores are here
referred to as “agreement scores”.

4.1.1. Calculating agreement scores on task sequence within a subteam
I calculated the agreement scores for the sequence of each task between pairs of
subteam members as the absolute difference between the ranks assigned to the task divided by
the maximum possible score for any given task (19 is the maximum possible agreement score
for any given task, for two individuals, given a list of twenty tasks; a maximum score at this
stage of the calculation implies the least possible agreement). The result was then subtracted
from 1, in order to reverse the scale so that ascending scores represented ascending
agreement. Thus, perfect agreement on when a particular task should be undertaken in the
sequence would produce a score of 1-(0/19) = 1, and the worst possible agreement would
produce a score of 1-(19/19) = 0. These scores were then expressed as percentages.

4.1.2. Calculating agreement scores on responsibility for task within a subteam
I calculated agreement scores for responsibility for each task between pairs of subteam
members as “1” if the two participants agreed and “0” if they disagreed and then calculated
the mean agreement score for each subteam, expressed as a percentage.

4.1.3. Calculating agreement scores within a multidisciplinary team
For both task sequence and responsibility for task, the agreement score for the
multidisciplinary OR team for each task was calculated as the mean of all possible pairwise
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combinations within the OR team. For each task and type of mental model in each scenario, I
then calculated the mean similarity score for twenty participating OR teams.

4.2. Results
Tables 12 and 13 show the mean agreement scores for task sequence and responsibility
for task, respectively.
For the whole team, the overall mean agreement score for both scenarios1 was 87%
(range 57-97%, median 86%) for task sequence and the mean agreement score on task
sequence exceeded 80% for all but two tasks in one of the scenarios (Table 12). The overall
mean agreement score for both scenarios was 70% (range 38-100%, median 70.5%) for task
responsibility, and more than half of the items (26 out of 40) scored less than 80%.
As seen in Tables 12 and 13, for both scenarios, “making a surgical incision” was the
task with the highest mean agreement score both for task sequence and for responsibility (for
which the score was 100%). As shown in Table 12, the lowest mean agreement score for
sequence was given for when to inform the intensive care unit during a laparotomy for an
abdominal stab wound (scenario 1) (57%), followed by when to confirm estimated blood loss
in both scenarios (72% and 80%). As shown in Table 13, all participants indicated that the
anaesthesia subteam is primarily responsible for performing a rapid sequence induction in
scenario 1, and administering anaesthesia induction drugs in scenario 2.The lowest score for
responsibility was given for checking for optimal patient positioning (38% and 39%,
respectively) closely followed by estimating blood loss (39% in both scenarios), as shown in
Table 13.
Mean agreement scores on task sequence were largely consistent across the three
subteams (see Table 12). Within some subteams, mean agreement scores on responsibility for
1

The mean agreement for the two scenarios was the mean of the OR team scores for the 20 tasks (as
shown in the last row of Tables 12 and 13) for scenario 1 and scenario 2
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some of the tasks in the procedure were lower than in other subteams (see Table 13). For
example, mean agreement scores were lower among surgical subteams than the anaesthesia
and nursing subteams for who should be primarily responsible for ensuring patient warming
devices are in place. Similarly, the mean agreement score was higher in anaesthesia subteams
than the surgical subteams for who they thought should be primarily responsible for ensuring
appropriate antibiotic prophylaxis.
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Table 12. Mean sequence rank assigned to each task and mean agreement scores on task
sequence (expressed as percentages) for OR team and subteams (anaesthesia, surgical,
nursing) for both scenarios.
Scenario 2:

Laparotomy for an abdominal
stab wound

Laparotomy for a perforated
viscus
to 20)
Anaesthesia subteam

Surgical subteam

Nursing subteam

2.3 90

88

92

88

2.0 92

93

92

90

2.

5.6 83

80

89

88

4.9 84

82

85

85

3.

Check for optimal patient positioning on
table
Initiate sign in

2.2 90

86

93

93

1.9 91

91

95

91

4.

Administer anaesthesia induction drugs

5.4 85

82

85

91

5.1 88

86

88

90

5.

Perform a rapid sequence induction

6.0 86

85

88

91

5.5 86

87

86

89

6.

Ensure appropriate antibiotic prophylaxis

7.7 86

86

88

85

6.7 84

81

84

86

7.

Insert urinary catheter

7.2 86

84

87

85

6.8 85

88

89

82

8.

Initiate time out

9.3 85

85

83

89

8.9 86

89

78

88

9.

Make surgical incision

12.0 94

93

95

96

11.3 97

96

98

97

10.

Ensure patient warming devices in place

6.1 84

83

82

87

5.6 86

86

88

88

11.

Ensure TED stockings and calf compressors
on

6.3 83

81

88

87

5.4 86

84

89

87

12.

Monitor ongoing blood loss

12.3 85

84

83

89

12.5 88

91

84

86

13.

Organise bed space in PACU

15.5 80

85

86

79

15.2 81

85

86

76

14.

Close incision

15.8 92

92

94

88

15.7 92

93

93

87

15.

Check drains are turned on

17.0 89

89

89

92

17.0 90

91

89

92

16.

Confirm estimated blood loss

13.1 72

69

74

75

14.5 80

72

82

84

17.

Initiate sign out

18.0 87

84

91

89

18.3 91

93

95

88

18.

Provide handover on intraoperative events

19.3 92

98

90

86

19.5 95

98

89

98

8.6 57

66

74

64

n/a n/a

n/a

n/a

n/a

13.3 92

88

93

92

n/a n/a

n/a

n/a

n/a

n/a n/a

n/a

n/a

n/a

12.3 95

93

97

96

n/a n/a

n/a

n/a

n/a

14.6 91

93

93

89

85

84

87

87

88

89

88

88

Team
OR
from 1
n a sequence

Nursing subteam

Check blood availability

Mean task rank

Surgical subteam

1.

Mean task rank

to 20)
Anaesthesia subteam

sequence from 1
(in aTeam
OR

Agreement on task sequence

Scenario 1:

to PACU staff
Inform intensive care unit (scenario1)
Remove knife from abdomen (scenario 1)
Locate site of perforation (scenario 2)
Fashion stoma (scenario 2)
Mean agreement
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Table 13. Mean agreement scores for OR team and subteams (anaesthesia, surgical,
and nursing) on responsibility for each task for both scenarios.

51

55

50

74

55

65

32

65

2.

Check for optimal patient positioning on
table

39

50

85

37

38

45

79

55

3.

Initiate sign in

78

80

85

63

76

80

84

65

4.

Administer anaesthesia induction drugs

96

100

95

95

100

100 100

100

5.

Perform a rapid sequence induction

100

100

100

100

98

100

95

100

6.

Ensure appropriate antibiotic prophylaxis

61

90

55

63

64

90

37

70

7.

Insert urinary catheter

55

75

70

68

53

60

84

75

8.

Initiate time out

73

70

75

84

73

75

74

75

9.

Make surgical incision

100

100

100

100

100

100 100

100

10.

Ensure patient warming devices in place

54

80

45

74

55

80

37

80

11.

Ensure TED stockings and calf
compressors on

83

85

75

84

87

90

68

100

12.

Monitor ongoing blood loss

61

90

55

53

58

85

37

45

13.

Organise bed space in PACU

69

80

65

74

72

85

79

65

14.

Close incision

96

95

100

95

98

100 100

95

15.

Check drains are turned on

46

35

55

68

48

45

63

45

16.

Confirm estimated blood loss

39

40

50

37

39

55

37

35

17.

Initiate sign out

81

85

85

84

77

65

89

75

18.

Provide handover on intraoperative events
to PACU staff

44

40

45

37

49

45

58

55

Inform intensive care unit (scenario 1)

50

70

75

58

n/a

n/a

n/a

n/a

Remove knife from abdomen (scenario 1)

98

100

90

100

n/a

n/a

n/a

n/a

Locate site of perforation (scenario 2)

n/a

n/a

n/a

n/a

98

95 100

100

Fashion stoma (scenario 2)

n/a

n/a

n/a

n/a

97

100 100

90

69

76

73

72

72

Mean agreement

78

73

Nursing subteam

Anaesthesia subteam

Check blood availability

Surgical subteam

OR Team

1.

Nursing subteam

Surgical subteam

Scenario 2:
Laparotomy for a
perforated viscus

Anaesthesia subteam

Scenario 1:
Laparotomy for an
abdominal stab wound

OR Team

Agreement on responsibility for task

75
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Frequency scatterplots in Figure 22(a) and 22(b) show the spread of ranks in the task
sequence assigned by individual team members (20 within each of the six-member categories)
to individual tasks on which there was lowest (57%) and highest average agreement (97%)
within OR teams. Figure 22(c), provided here for illustrative purposes, shows a plot showing
ranks assigned to a task with a mid-range agreement (80%). The plots demonstrate that the
lower the OR team mean agreement score for the sequencing of a task in the procedure, the
greater the spread of ranks assigned by team members to that task, with the lowest mean score
(in the case of informing the intensive care unit in scenario 1) generating the greatest spread
of ranks. By contrast, the highest OR team mean score (in the case of making a surgical
incision in scenario 2) had the most unified rankings, regardless of team member. In the case
of informing the intensive care unit (Figure 22(a)), the majority of surgeons thought this task
should be performed at the start of the procedure, while the majority of nurses and anaesthesia
subteams believed it should be done sometime in the second half of the procedure.
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Figure 22. Frequency scatterplots of ranks assigned by team members to the tasks with the lowest (a), highest (b), and mid-range (c) OR team agreement on position in
the sequence of tasks in the procedure. The horizontal line denotes the rank of 1 (i.e., first in the sequence); a rank of 0 means that a participant omitted the task from the
task sort as “not required” in the given scenario.
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Table 14 shows the mean percentage of times each subteam believed which of the three
possible OR subteams was primarily responsible for a task. On average, the anaesthesia
subteam believed they were responsible for 10 out of 20 tasks in scenario 1, and 9 out of 20
tasks in scenario 2. The surgical subteam believed their subteam was responsible for 9 out of
20 tasks in both scenarios, while the nursing subteam believed they were responsible for half
the tasks in each scenario. Subteams produced variable responses for the tasks with lower
mean agreement score on responsibilities. For example, all three subteams chose their own
subteam as being primarily responsible for checking for optimal patient positioning on the OR
table. While the majority of anaesthesia and surgical subteam members agreed that providing
handover on intraoperative events to PACU (post-anaesthesia care unit) staff was primarily
the responsibility of the anaesthesia subteam, most nurses thought they should be primarily
responsible for this task. For confirming estimated blood loss, one of the tasks with lowest
agreement scores for both task sequence and responsibility for task, there was also a split
within the subteams, with the nurses splitting primary responsibility between all three
subteams.

148

Table 14. Mean agreement scores within individual subteams on which one of the subteams
(A=Anaesthesia subteam; N=Nursing subteam; or S = Surgical subteam) they thought was
primarily responsible for each task*. Tasks for which there were lower mean agreement
scores are shown in bold.
Who is primarily responsible?**
Rated by A subteam
Task

A

N

Check blood availability
Check for optimal patient positioning
on table
Initiate sign in

83%

19%

53%

A

N

S

1%

56%

21%

11%

36%

3%

10%

85%

3%

Administer anaesthesia induction drugs

100%

0%

Perform a rapid sequence induction

100%

Ensure appropriate antibiotic
prophylaxis
Insert urinary catheter
Initiate time out
Make surgical incision
Ensure patient warming devices in
place
Ensure TED stockings and calf
compressors on
Monitor ongoing blood loss
Organise bed space in PACU
Close incision
Check drains are turned on
Confirm estimated blood loss
Initiate sign out
Provide handover on intraoperative
events to PACU staff
Inform intensive care unit (scenario1)
Remove knife from
abdomen(scenario1)
Locate site of perforation (scenario 2)
Fashion stoma (scenario 2)

S

Rated by S subteam

Rated by N subteam
A

N

S

23%

63%

37%

0%

8%

90%

3%

58%

39%

6%

92%

1%

15%

82%

3%

0%

99%

0%

0%

99%

1%

0%

0%

0%

99%

0%

0%

100%

0%

0%

95%

0%

5%

52%

1%

47%

84%

6%

10%

0%

44%

56%

0%

14%

86%

0%

73%

25%

1%

53%

46%

0%

43%

57%

1%

61%

38%

0%

0%

100%

0%

0%

100%

0%

90%

10%

0%

48%

48%

4%

44%

56%

0%

1%

94%

4%

1%

87%

11%

0%

96%

3%

94%

4%

3%

63%

6%

30%

71%

14%

15%

45%

54%

1%

25%

73%

1%

37%

61%

1%

0%

1%

99%

0%

0%

100%

0%

0%

97%

0% 100%

0%

65%

34%

0%

20%

77%

0%

73%

27%

63%

8%

30%

39%

16%

44%

48%

29%

23%

1%

83%

14%

0%

92%

6%

0%

89%

10%

71%

29%

0%

72%

18%

10%

33%

66%

0%

73%

5%

20%

40%

0%

60%

77%

13%

8%

0%

0%

100%

0%

3%

98%

0%

0% 100%

0%

3%

98%

0%

0%

100%

0%

0% 100%

0%

0%

100%

0%

0%

100%

3%

0%

40%

26%

34%

27%

25%

48%

95%

31% 37% 32%

*For example, on average, 83% of the anaesthesia subteam thought their own subteam was primarily responsible for
checking blood availability in the two scenarios, while 19% of the same subteam thought the nurses were primarily
responsible; similarly each subteam believed checking for optimal patient positioning on the table was primarily the
responsibility of their own subteam.
**For those tasks that some participants believed not to be required in the procedure, the total agreement score for the
three OR subteams as rated by a subteam may be less than 100%.

149

4.3. Discussion
In this study, I used the Momento approach to assess the level of agreement in an OR
team on the sequence of individual tasks and which subteam should be primarily responsible
for each task. Using the data on the 20 teams from the MORSim study, I found that there was
poor agreement between OR team members on responsibility for task for half the tasks in
each procedure. This has potentially important and concerning implications for safe and
efficient team work. OR team members had largely similar understandings of when tasks
should be done in an upcoming procedure for all but two tasks, which was more reassuring.
Members of the three OR subteams believed their own subteam was primarily responsible for
around half the tasks in each procedure.
It has been suggested that agreement over who is responsible for what may be more
important for team performance than agreement over the sequence in which tasks should be
done47. Redundancy in perceived responsibility for a task may be seen as making that task
less likely to be forgotten, but may also result in the (possibly unjustified) assumption that it
can be left to others. Furthermore, it would seem to be less efficient to have more than one
person taking responsibility for a task, especially in a crisis where time and resources are
precious.
This study served as a proof of concept demonstration, showing that it is possible to
capture the information on certain types of mental models in multidisciplinary OR teams.
Moreover, the differences between members of OR teams found in this study – using a
relatively lax measure of agreement in the case of agreement on responsibility for task that
would have somewhat inflated the level of agreement due to not accounting for chance
agreement - indicate that this line of work is worth further expanding on. By completing the
Momento task sort, the OR team has access to practical information than can be used to
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identify the potential differences between team members in their understanding of the key
tasks and related responsibilities in an upcoming surgical procedure. Such data analysis can
be made into a fully automated process with preset formulas in Microsoft Excel for
calculating team agreement at different levels that would make the data on team agreement
readily available. Also, the task sort could be easily modified for use in different clinical
scenarios by using different lists of tasks generated to be similarly representative of the
procedure.
Making team members aware of the extent of the discrepancies in individual mental
models prior to embarking on a case gives them an opportunity to regroup and address the
gaps in shared understanding, to make sure all team members are “on the same page” as to
who should be responsible for which crucial tasks and when. In theory, providing time for
team members to agree, perhaps through a briefing session or in relation to the WHO Surgical
Safety Checklist ahead of a procedure, on the order of crucial tasks and on who should be
responsible for each task, could help clarify potential ambiguities and better align mental
models220, 221. The level of disagreement seen in this study for some tasks reinforces an
increasing body of evidence supporting a pre-procedure briefing to align understandings and
circumvent intra- and postoperative complications and reduce wasted time222-224. However,
due to the logistics and constraints in the clinical setting, I do not envisage that the Momento
tool will be used in day-to-day clinical practice. Instead, its strength lies in education and
research. This is discussed in more detail in the next chapter.
The final chapter of this thesis is a discussion of all the phases of this project, including
its contributions and limitations, and suggestions for future research.
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5. DISCUSSION

5.1. Main findings
The findings of the tool validation study of this thesis largely support the concurrent
validity of the Momento approach for measuring mental models of task sequence and
responsibility for task. The first assumption was that OR teams who have worked more
frequently with each other in the past would also have more similar mental models. This was
not supported by the findings, as discussed in section 3.5 of chapter 3. The second assumption
that mental models would be more similar within professional subteams than with colleagues
from other subteams was partially supported. The Momento approach distinguished between
subteam and inter-team groupings in both scenarios on responsibility for task, and in scenario
1 for task sequence. On closer inspection, the latter difference was mainly due to members of
the surgical subteam agreeing more among themselves on task order for the abdominal stab
wound scenario than with members of the nursing or the anaesthesia subteam. In the case of
responsibility for task, the Momento approach distinguished between the degree of similarity
of the anaesthesia subteam as being significantly higher than that of their inter-team model
with the surgical subteam in both scenarios, and with the nursing subteam in scenario 1. It
also distinguished between the nursing subteam as having a more similar mental model of
responsibility for task within their subteam than inter-team with the surgical subteam in both
scenarios. The above relationships were found when different metrics were used to calculate
the degree of similarity. This suggests that they are in fact measuring the same phenomenon,
confirming the third validity assumption of this thesis. The surgical subteam had more similar
mental models of responsibility for task within their own subteam than inter-team with the
nursing subteam in scenario 1 when all three methods were used to calculate similarity scores
for responsibility for task. These findings also provide support for the third validity
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assumption that different approaches used to calculate similarity of mental models should
demonstrate similar results if they are in fact capturing the same real phenomena. However,
the agreement on responsibility for task in the surgical subteam was on average significantly
greater than inter-team agreement with the anaesthesia subteam in scenario 1, and with
nursing subteam in scenario 2, only when percentage agreement was used to measure
agreement. This finding provides support for the need to use multiple scoring methods in the
same study32 when examining the relationships between similarity of mental models and other
variables. The finding that the Momento approach was able to distinguish between a more
common and a less common surgical scenario provides further support for its validity.
In the tool application study, I demonstrated that the new Momento approach could be
used to capture certain types of mental models in multidisciplinary OR teams. The findings of
this study showed some differences in mental models of members of OR teams and subteams
regarding some of the key tasks and responsibilities in laparotomy. Differences were
particularly pronounced in the case of who should be primarily responsible for certain crucial
tasks in laparotomy. This was the case regardless of the scenario the task sort was related to in
this study. The level of disagreement on some tasks found in this study warrants further
investigation and the new Momento approach could next be used to elicit mental models in a
wider range of clinical scenarios and on different teams.

5.2. Contributions to the literature on mental models
The aim of this project was to develop a new approach to assessing mental models of
the order in which certain key tasks should be undertaken in an operation and of who should
be responsible for them within OR teams. Further, the aim was to begin the process of
validation of the new approach through examining a series of assumptions for which certain
findings could reasonably be expected, and seeing to what extent those findings were obtained
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with Momento. Finally, the aim was to demonstrate how the new approach could potentially
be used in clinical practice. Through addressing these aims, several contributions were made
to the existing literature on the measurement of mental models in teams.
A major achievement of this project is its contribution to the assessment of mental
models in healthcare teams. The participants were members of real OR teams, consisting of
professionals of different backgrounds typically encountered in the OR. Further, OR teams
consisting of individuals who typically work together took part. Mental models have not
previously been studied in the context of established, multidisciplinary healthcare teams. The
study by Burtscher et al.56 remains so far the only previous study to have attempted to
quantify the information on the similarity of mental models in the OR context. These authors,
however, only focused on mental models of two-person anaesthesia subteams. Larger teams
may have different dynamics than smaller ones. They may engage in different and more
complex processes than smaller teams, sometimes with poorer coordination and higher
conformity225. Larger teams are also likely to have a greater diversity of viewpoints and
knowledge because of multiple team members226. Thus, the focus on larger multidisciplinary
teams in the current project is a step up from the previous studies that have focused on mental
models of small ad hoc teams40, 54, or of only part of the team56.
Although the Momento approach was inspired by assessment approaches employed in
previous studies (see Chapter 1, Table 1), it offers several important advantages over these
approaches, namely:


The selection of tasks for the Momento task sort used an extensive multistage,
iterative process guided by literature, informed by preliminary in-theatre observations
of teamwork, and led by multiple subject matter experts. Such an exhaustive process
of task selection has not been reported in similar studies on the assessment of mental
models in teams. This process contributed to the content validity of the new approach.
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The Momento simultaneously captures the information on mental models of task
sequence and of responsibility for task, but allows for the degree of similarity to be
assessed separately for each model. This may help save time during data collection,
while providing more detailed information on individual types of models.



It provides insight into mental models within the entire OR team, rather than a single
professional subteam. The similarity scores can subsequently be calculated at the level
of the OR team, as well as individual subteams, allowing for richer data analyses.



The Momento task sort involves all members of the OR team sorting all the listed key
tasks in the surgical procedure in the order in which they occur, regardless of which
subteam should be responsible for them and then assigning subteams to tasks.
Previous approaches involved team members sorting tasks for individual subteams,
making it difficult to discern the overall sequence in which tasks should be performed
in the procedure.



As well as allowing tasks in the surgical procedure to be sorted sequentially into a
prespecified layout, the Momento allows for tasks that occur in parallel at different
points in the sequence to be recorded, regardless of which team performs them. The
result is a more complex and detailed concept map, allowing insight into more
complex and detailed mental models.



While the Momento task sort was designed in this work for two defined surgical cases,
it was envisaged to be customisable to laparotomy for any cause. A standard method
of measurement of mental models in teams that would be applicable in wider
healthcare research settings (other than just anaesthesia subteams performing
induction56) has not been reported in literature to date. In the Momento approach, this
is made possible through having a set of generic tasks common to all general
laparotomies where the answers to the same set of questions would vary given
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different situations, and where a task may be positively dismissed as unnecessary by a
participant. The tool also includes important 'anchor' points/tasks for timing into
phases that define the sequence of the procedure and two to three options that could be
scenario specific, but would not reveal the possible non-routine events that could be
built into a scenario.


The approach to calculating the degree of similarity of mental models of individual
team members quantified using the Momento approach involves the computation of
several well-established statistical measures of agreement, as opposed to a single
arbitrary scoring method. Calculating the degree of similarity using multiple methods
and comparing these allows for the most suitable and feasible approach to be selected
that can then be applied in different contexts.
One strength of this research lies in the fact that all the participating teams performed

the task sort for the same cases. This was made possible by the use of two simulated cases
that participants were about to undertake, rather than clinical cases. Because participants were
preparing to actually manage the simulated cases, it is likely they were more engaged with
reading the case briefs and responding to the task sorting exercise, in comparison with just
providing participants with written scenarios.
The findings of the main study of this thesis suggest that different types of mental
models, different ways of calculating similarity scores for mental models, and different tasks
can impact differently on the relationship between mental models and other variables, such as
subteams in the OR. The findings thus support the notion that it is important to broaden the
conceptualisation and measurement of mental models within teams through evaluating
multiple types of the mental model construct, using multiple methods and in different
contexts.
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5.3. Implications for clinical practice
The findings of the study on the application of the tool of differences in the mental
models of OR team members have implications for effective team function and patient safety.
This is true both in terms of who is responsible for certain tasks, and the variation regarding
the order of tasks in an emergency.
If used in clinical practice, the Momento approach has the potential to help elucidate
and better align the mental models of OR team members about surgical procedures and
thereby improve teamwork and outcomes for patients.
The Momento task sort is a computer application with a user friendly graphical interface
that is easily customisable, allows for a quick task completion and automatic capture of
results in an easily transferable format.
Theoretically, in the clinical setting, the Momento tool could be used prior to a
procedure, so that members of OR teams individually complete the Momento task sort related
to the upcoming laparotomy or other surgery. This could be done on portable electronic
devices and with the Momento task sort as an online application. The outputs of task sorts of
individual members would then be automatically consolidated and agreement on task
sequence and responsibility for task calculated by the application for each task. Ideally, the
whole team could then convene and discuss the points of disagreement during a pre-procedure
briefing. This would allow team members to clarify potential ambiguities and re-align their
mental models prior to starting surgery.
There are however, obvious barriers to this kind of application of the Momento
approach. The biggest hurdle at this point is its applicability in a wide range of procedures, as
key case-specific tasks would have to be determined ahead of time. For application in the
clinical setting to be more feasible, the Momento would first need to be modified and tested
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for a wider range of surgical procedures. More realistically, therefore, because of the logistics,
unpredictability, and time constraints characteristic of the clinical setting, the Momento
approach is more likely to first find application in research and training of healthcare teams.
One implication of the findings of the study on the potential applicability of the
Momento approach in clinical practice is that the low agreement between team members on
the tasks in the surgical procedure could be rectified through team training. However, one
issue that has been plaguing the field of mental model theory and research is the question of
what constitutes an optimal degree of agreement or overlap of mental models in a team. It is
still not clear what constitutes an optimal degree of shared understanding either
conceptually227, or in relation to the agreement scores obtained in this study. The Venn
diagram analogy developed in this project to describe the shared mental model construct
contributes to this discussion - conceptualising the degree of overlap of mental models of
individual members as greater for teams with less specialised knowledge than for teams of
specialists reflects the notion that there may never be perfect agreement in multidisciplinary
teams working in high-risk domains such as in the OR. The relationship between the extent of
similarity of mental models within a team and the team’s performance has not been well
defined124. Important decisions in an organisational setting presumably warrant a very strong
degree of agreement among the decision-makers228, but there is no empirical evidence to
guide the quantification of this in multidisciplinary healthcare teams. The problem of optimal
degree of shared knowledge in a team has been tackled by Cannon-Bowers, Salas, and
Converse30 who argue that fostering shared mental models in teams as much as possible can
only lead to positive outcomes. Thus, having too little shared knowledge within a team can
lead to poorly coordinated teams who are in turn likely to fail. This would hold true for both
teams with more and teams with less specialised members. In contrast, having “too much” (p.
237)30 shared knowledge could lead to excessive conformity resulting in incorrect team
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decisions. The latter would hold true for OR teams. Further, the advantages of teams with
members with diverse backgrounds go beyond simply avoiding conformity, it allows a team
to take on more complex tasks than expecting everyone in the team to be able to do
everything. In this way, tasks or endeavours which require a larger skill domain which
exceeds the skills of any one individual can be undertaken. Cannon-Bowers, Salas, and
Converse30 further argue that the extremes can be overcome if teams are equipped with
strategies such as being taught assertiveness skills and provided with systems that alert them
to alternative situation-specific explanations and solutions.
In training team members to develop similar mental models, it is not enough for
individuals to be allowed to simply interact unaided with the system or to simply provide
theoretical instruction30, 100. Instead, training must be enhanced by guided practice, where
team members are provided with explicit conceptual models of the system, including explicit
information on which specific major objects and actions are required, and in which order30,
100

. Training of shared mental models should focus on generic, task-contingent competencies

– these are competencies that are applicable to specific tasks regardless of team member
configuration229. Thus, teams could be trained to develop mutual task-specific mental models
that are generalisable to any team configuration that consistently performs that task230. It
follows on then that the Momento approach could be used as part of the team training process,
to improve team communication. Key surgical tasks with low level of agreement could serve
to initiate discussion to ensure all members are “on the same page” as to the order of tasks and
distribution of responsibilities prior to the team working together on the case.
Another example of the type of training into which the Momento approach could be
incorporated is Team-oriented Medical Simulation that provides interdisciplinary team
training for all members of the OR team, that can consist of didactic training, followed by the
team taking part in a series of simulated cases, followed by debriefing231-233. In this context,
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the Momento could be used as a research tool for evaluating the success of team training
interventions, to assess whether the mental models of team members have been re-aligned
following intervention. As such, the Momento approach could be incorporated into existing
comprehensive medical training programs231, 234. Unlike in the research setting, when
assessing similarity of mental models in the clinical training setting, it may not be possible for
practical reasons to use multiple methods of calculating agreement. Dynamic teams, such as
OR teams, are often faced with time pressures. Thus, if the information on the degree of
similarity of mental models is to be used to initiate discussion in order to ensure team
members have a mutual understanding of what key tasks need to be done, when, and who
should be responsible for them in the training context, a simple percentage agreement may be
enough to identify the differences between team members.
Ultimately, by informing quality improvement initiatives in healthcare the new
Momento approach to the assessment of shared mental models has the potential to reduce
harm to patients.
With modification for particular procedures, the Momento task sort could next be used
to identify dissimilarities of mental models for various other surgical procedures. Given its
ease-of-use and customisability, the tool also has the potential to be used for team training and
research in domains reliant on teamwork other than healthcare.
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5.4. Limitations and future research directions
This research presents the first step towards a comprehensive and flexible approach to
the assessment of mental models in multidisciplinary OR teams, with potential to be extended
to other areas dependent on inter-professional teamwork. Although developing an approach
for quantifying mental models meaningfully is important, this research has a number of
limitations that could be addressed in future studies.
One area of future research is to continue the process of validation of the Momento
approach. A single exploratory study may not be sufficient for validation of a new assessment
approach, thus, establishing the psychometric soundness of the Momento approach is an
ongoing process. For example, other measures assessing constructs theoretically related to
mental models or alternative assessment approaches could be used in support for the
convergent validity of the Momento approach. The assessment of concurrent validity could
further be extended by comparing other professional groupings within OR teams. For
example, the degree of similarity of mental models of the consultant surgeon and anaesthetist,
or between the scrub nurse and the surgeons, could be examined more closely, as these team
members form subteams of their own during various stages of surgery. Such analyses have
the potential to further clarify the extent of shared knowledge between team members and
identify areas or professionals who would benefit the most from training to align their mental
models with the rest of the team.
The validation process could also be continued by testing the Momento approach on
other types of laparotomy and comparing the findings to the current ones. This research was
limited to cases requiring laparotomy. Future research should also extend this work to other
types of surgery and surgical specialties where the same principles would apply but would
have to be validated in those settings.
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Future research should also focus on further investigation of the lack of significant
effects found in this thesis. This could be accomplished in several ways. First, the definition
of “team familiarity” could be extended to include the information on the quality of previous
interactions with teammates, for example in terms of whether working with a teammate was a
positive experience, or had led to positive outcomes. The study of potential antecedents of
mental models should also be extended to investigate the relationship between other variables
identified in the IPO model of teamwork (see Chapter 1, Figure 2) and mental models as
assessed by the Momento approach.
The main limitation of the research presented in this thesis is that the extent to which
similarity of mental models influences subsequent team processes (such as coordination),
performance and patient outcome was not investigated. Although the positive relationship
between the similarity of mental models and team processes and performance has been
repeatedly established in previous empirical studies (see Chapter 1, section 1.2.2), there is a
need for these relationships to be further investigated in healthcare teams. Consequently, this
remains an area for further research.
The question of what constitutes an optimal degree of overlap of mental models has not
been addressed in this research and remains unanswered. As with intelligence tests, using the
Momento approach in future studies to gain insight into mental models of task sequence and
responsibility for tasks on a larger representative sample of OR teams and calibrating scores
against each other could potentially lead to a standard to be set for what similarity score is
optimal for which type of mental model and in which context. As with the measurement of
many other cognitive phenomena, there is the problem of arbitrariness of the scales used to
quantify the similarity of mental models in this research. Although the scales used to calculate
similarity scores were pegged to range from 0 to 100 percent, it is difficult to compare the
different levels of agreement found in this research, and the existing approaches to assessing
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the quality of agreement203 do not offer any more clarity. Further, even though the similarity
scores for both types of mental models studied in this thesis vary between 0 and 1 (or 0 and
100 percent), because the similarity of mental models of task sequence and of responsibility
for task were calculated differently, we cannot make direct comparisons between the scores
on the two types of models. In fact, Momento is primarily a qualitative rather than a
quantitative tool. Thus, although agreement on task sequence may appear to be higher than
agreement on responsibility for task, the selection of task sequence was done on a different
scale (1 to 20) and similarity scores calculated using different metrics from those for the
selection of subteams responsible for tasks, where participants had to choose one of the four
options.
The similarity of mental models in this thesis was assessed at the beginning of the two
cases. Mental models of surgical procedures are likely to be dynamic and the degree of
similarity of mental models may well change as cases progress and team members
communicate with each other. The extent to which a team has a shared mental model may be
greater in routine situations than in unpredictable emergent situations. This could be explored
in future studies by assessing mental models of task sequence and responsibility for task preand post-performance.
Other potential limitations of this research include the possibility that there were
inaccuracies in task sorting by participants. Participants did not have the option of choosing
more than one OR subteam as responsible for a task, as the exercise used a forced choice
design. The split within OR teams on who should be primarily responsible for certain tasks
found in the tool application study might therefore reflect that there should be joint
responsibility for those tasks. Future versions of the task sorting tool should be upgraded to
allow for the selection of multiple subteams for those tasks for which there is likely to be joint
responsibility.
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This project did not set out to study the accuracy of mental models in OR teams. This
can be construed as the degree to which these converge with those of guidelines or subject
experts, or more generally the degree to which they are grounded in reality. Although
accuracy was to an extent addressed by having various subject matter experts agree through
an iterative process on a final set of key tasks for the task sort as in a previous study41, there
was no single accurate response as to the exact task sequence for the two procedures,
especially as some tasks could be performed in parallel by different subteams rather than in a
sequence. For many tasks in a surgical procedure, however, it may be more important that
team members agree on what should be done, by whom and when, than that this agreement
necessarily reflects received wisdom. In some instances however, accuracy in this latter sense
probably does matter, and the findings of this research may support the idea that agreement
tends to be higher in such circumstances. For example, the mean similarity scores in the tool
application study were high for who should make the surgical incision and for who should
administer the anaesthetic drugs.
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6. CONCLUSION
This thesis described the development and the beginning of the process of validation of
a new computer-based task sorting tool. The purpose of the tool is to gather information on
individual mental models of multidisciplinary members of OR teams of the sequence of key
tasks in the upcoming laparotomy and of who should be primarily responsible for those tasks.
The new tool, named Momento, is easy to use and the similarity of individual mental models
it captures can be calculated using several established metrics. More importantly, Momento as
a tool illustrates the potential for a more general approach to exploring and mapping mental
models about specific aspects of surgical operations. This is what I have called “the Momento
approach.”
The specific outlined assumptions that would support validity of the Momento approach
were largely supported in the main study of this thesis. No relationship was found between the
degree of similarity of mental models of OR team members and team familiarity. However,
the Momento approach distinguished between subteam versus inter-team professional
groupings within an OR team in the case of task sequence in a less common laparotomy
scenario, and for responsibility for task for both common and uncommon scenarios. Results
for individual subteam versus inter-team comparisons also provide support for the validity of
the new approach. Finally, validity was supported by the finding of similar relationships
between similarity scores for mental models and team familiarity scores, and intra- versus
inter-team groupings when different methods were used to calculate similarity scores.
In the study demonstrating how the Momento approach could be applied to inform
clinical practice, differences were found in the mental models of some OR team members
about responsibility for and order of certain tasks in an emergency laparotomy. Participants
also believed their own subteam was primarily responsible for approximately half the tasks in
each procedure.
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Momento is a tool that can be used in team training and research. Ultimately, it has the
potential to help elucidate and better align the mental models of OR team members about
surgical procedures and thereby improve teamwork and outcomes for patients. The next
logical steps for future research would be to extend the Momento approach to a greater range
of surgical procedures, and evaluate its effectiveness as a tool in team training research and
intervention.
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7.

APPENDICES

7.1. Appendix 1. Details of the MORSim scenarios 1 and 2

Scenario 1 -laparotomy for an abdominal stab wound
A stab wound with lacerated inferior vena cava (IVC) complicated by cardiovascular
collapse
Background:
0800h on a weekend. Stabbed patient urgently brought into theatre for exploratory
laparotomy for knife in situ.
Unknown male (Ian Peterson) is a 48 year old (weight unknown) obese man with a
history of paroxysmal atrial fibrillation, hypercholesterolaemia, hypertension, iv drug use, but
almost no records in the hospital system (recently moved into this catchment area).
Medications include warfarin, statin, cilazapril, methadone. He also has a history of
recreational drug use, current smoker and alcohol abuse. Vague when asked about history,
medication, allergies, reflux. Airway unremarkable.
Ian was stabbed when a “P”-party went out of control; partner injured also. Brought to
ED by ambulance, weapon in situ periumbilical. Ian is high on marijuana and drunk so
confused and is admitted as “Unknown Male” so no old computer records are seen initially.
Trauma call, A B D E ok, C moderately shocked, isolated injury, iv lines, CXR
unremarkable, initial bloods for Gp and Screen, coag, toxicology EtOH. Arterial line and IDC
inserted, FAST scan not indicated, no other imaging, rapid transfer to OR by ED registrar and
ED nurse, trauma team currently managing second victim.
Participants receive briefs and asked to go to OR to perform exploratory laparotomy.
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In OR, patient on operating table with confederate ED registrar and confederate OR
nurse (ED nurse has left) who hand over to anaesthesia and nursing team. Patient identity now
confirmed and new bracelet applied, new stickers available but old bracelet and stickers
remain in folder.
Nurses should continue preparations, sign in. Anaesthetist should assess, check
preparations, and begin induction. Surgeon/s should prep and drape prior to induction. (This
can be forced by worsening hypotension). Timing of time-out check will be problematic.
Anaesthetic tech will be busy with monitoring, fluids and induction.
Anaesthetist and surgeons will have challenges with massive venous bleeding when
knife is removed. Surgeons will have challenges with finding/suturing IVC injury; nurses and
tech will have high taskload.
Once bleeding is controlled by clamp/ pack, some stabilisation occurs but is followed
on further exploration by signs of venous air embolism with sudden marked hypotension
responding to control of possible VAE from open IVC, and supportive measures.
Scenario ends after 40 min.
Start sequence:
•

Written briefs to all participants

•

Participants to complete the Momento task sort individually

•

Participants to be taken into the simulated OR

•

Faculty ED registrar to give handover to participant anaesthetist and leave

•

Faculty OR nurse will stay in theatre and handover to incoming theatre nurses.

Scenario 2 - laparotomy for a suspected perforated viscus
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Appendicitis complicated by sepsis and subsequent allergic reaction
Scenario background:
0800 on a weekend. Patient brought into theatre for urgent laparotomy for septic
appendicitis.
Brian Richards is a 70 year old (90kg, BMI 33) man from UK visiting family. History
of mild asthma, hypertension, ischaemic heart disease. Not currently wheezy. Medications
include fluticasone MDI, salbutamol MDI prn, aspirin, and diltiazem, isosorbide mononitrate,
gingko and garlic. NKDA. Airway unremarkable. No history of reflux.
Patient had abdominal pain for 24 hours. Felt more unwell overnight with vomiting and
abdominal pain. Arrived from UK two days prior and saw GP with sore leg, was sent home.
Brought in by family to ED at 0630. Required resuscitation with iv fluids. Free air on xray. All lines inserted. Low dose noradrenaline started in pre-op.
Written briefs are given to all participants. Scenario starts in OR with patient on
operating table with ED bed next to it. Nurses to prep after being handed over by faculty
theatre nurse (who stays in OR). Faculty anaesthetist hands over to participant anaesthetist.
Anaesthetic tech will be busy with monitoring, fluids and induction.
Patient will be moderately hypotensive after induction.
Once vasopressor and fluids are given post-induction, some stabilisation occurs but is
followed on further exploration by further marked hypotension, tachycardia and raised airway
pressures due to allergy. Adrenaline and supportive measures will be needed.
Expected discussion about where the patient will be transferred to after surgery.
Anaesthetist will have challenges to deal with acute abdomen and hypotension.
Surgeon will have challenges with finding cause of sepsis – caecal perforation.
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Technician will be busy assisting anaesthetist.
Scenario ends after 40 min.

Start sequence:
•

Written briefs to all participants

•

Participants to complete the Momento task sort individually in the computer room

•

Participants to be taken into the simulated OR
•

Faculty anaesthetic registrar to give handover to participant anaesthetist and

leave
•

Faculty theatre nurse will stay in theatre and handover to theatre nurses/tech who
come into OR to help setup.
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7.2. Appendix 2. Exploratory in-theatre observations
This section provides a more detailed account of the exploratory observations of tasks,
roles and team dynamics in the OR carried out during the surgical cases outlined in section
2.3 of this thesis. The observations are summarised into two main categories: a) procedural
steps and team members’ roles; and b) coordination of information and activities.

a) Procedural steps and team members’ roles
Many steps in the surgical procedure proceeded in parallel fashion, as different
subteams focused on different tasks at the same point in time. For example, as the scrub nurse
prepared the surgical trolley, the anaesthesia team and the remainder of the nursing team
positioned the patient on the operating table and attached monitoring; while the surgical team
operated on the patient, the scrub and the charge nurse performed an instrument count; while
a nurse laid out the correct sterile gloves for the surgeons, anaesthetic technicians (ATs) put
on the air warming device on the patient, etc. The preparatory stages of a case were
characterised by various independent parallel activities with little explicit interaction,
especially inter-team. Numerous examples of what Manser et al. 23, 49 refer to as “coordination
via artefacts” (for example, TEE, monitor, infusion pump, patient chart, white board) part of
“coordination via the work environment”, were observed in the preparatory stages. In one
case, the incorrect procedure and estimated surgery time were written down in the operative
schedule. This was picked up and commented on by different subteams and finally explicitly
shared inter-team at the “time out” phase of the Surgical Safety Checklist (WHO).
Several crucial sequential tasks were observed for all the cases, where one task could
only commence after the success of another. Thus, for example, the “sign in” part of the
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WHO Safe Surgery Checklist was always completed before the induction of anaesthesia; the
surgeon commenced the surgery (i.e., made a skin incision) only after the confirmation with
the anaesthetist that the patient had been induced and stable. In one case, no ‘time out’ was
performed. The five stages of the surgical process 235 were also observed, namely: procedure
set-up (i.e., where non-medical staff bring in supplies, arrange and prepare), surgical
preparation 1 (patient brought in; prepared and positioned), surgical preparation 2
(induction/intubation), intraoperative phase (surgical intervention), and handoff phase
(preparing patient for transport - transition to the next level of care).
The activities of individual team members appeared highly structured at certain stages
of the case. For example, the patient was almost universally greeted in the OR by the
anaesthetist, AT and a nurse; where a spinal epidural was required, a nurse always stood in
front of the patient ensuring adequate positioning, while the anaesthetist worked on the
patient’s back; the AT was most frequently observed to be the first person in the OR, setting
up drugs and equipment. The surgical team was in most cases absent during the procedure setup stage, and had in some cases entered the OR only once the patient had already been
sedated. In all the laparotomies, the consultant surgeon always came into the OR to visualise
the patient’s abdomen while the patient was still awake, and then left to scrub up.
Apart from the positioning of the surgical team (i.e., between the patient’s legs, as in the
urology cases) and there not being an abdominal incision and steps associated in preparing the
patient’s abdomen for a laparotomy (as in the vascular surgeries), the only obvious observable
differences in procedures and roles that could potentially affect team coordination were noted
in urology surgery. Here, the charge nurse seemed much more involved directly with the
consultant surgeon, obtaining and handing equipment on the surgeon’s request, than in nonurology surgery. There was much less sterile instrumentation and the urology cases were the
only ones observed where the nurses draped the patients with no involvement of the surgical
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team. It is difficult to ascertain whether the dominance of the charge nurse in the urology
cases was due to her dominant personality or the nature of the procedure, although the former
may be more likely, as it was conveyed to the observer that the same nursing team, in a
similar configuration, also worked on general surgery cases.
Due to the institution being a large teaching hospital, there were trainees in every
procedure for different subteams.
The anaesthesia subteam
In all the observed cases, the anaesthetist, and in most cases the AT were present in the
OR prior to the patient being brought in, with the AT being usually the first to start the
preparations. The anaesthetist often left the OR with the patient and accompanied the patient
to PACU. Teaching was observed to be most prolific in the anaesthesia team, often
characterised by supportive, positive comments and acknowledgments.
Following the induction/intubation phase, apart from teaching and informal chatting,
there was hardly any overt coordinative activity to observe involving the anaesthesia team
until the reversal of anaesthesia and the handoff. The intraoperative phase was characterised
by the anaesthetist often monitoring the patient’s vitals, or by observing the surgical
procedure – an implicit behaviour Manser et al. categorise as “coordination via the work
environment” through monitoring the surgical team 23, 49. ATs were often involved in
equipment stocktake and sending samples to the lab as initiated by the anaesthetist.
Anaesthetists were most frequently in charge of organising and following up on patient
transfer to PACU. This was often delegated to the anaesthetic registrar by the consultant
anaesthetists. In one laparotomy case, the anaesthetist was the one to explicitly initiate the
start of the surgery (“the operation can start”). In some cases, following “time out”, the
consultant surgeon asked the anaesthesia team if the surgery could start. The AT rarely
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interacted inter-team, with members from the other two subteams. On one observed occasion,
the AT assisted a charge nurse to enter patient details into the computer, and on another, an
AT trainee asked a nurse to clarify procedures regarding patient’s sample forms. There was
only one observed example of an interaction between an AT and a surgeon, where the surgeon
asked the AT to relay a message to the anaesthetist.
The surgical subteam
In all the non-urology cases, surgeons carried out the draping of the patient, sometimes
assisted by a scrub nurse. Applying an antiseptic solution to the patient’s abdomen was
usually done by surgeons, although in two cases this was done by a scrub nurse, and only
after she asked the anaesthetist if she could do so in one long laparotomy case, and the charge
nurse in a urology case. Interestingly, the scrub nurse taking on the abdomen prepping was
not explicitly discussed with the surgeons, but rather the scrub nurse seemed to have
anticipated the surgeons’ workload and stepped in to assist. In four vascular cases, the same
surgeon was present throughout the induction/intubation phase. This was the only example of
a surgeon being present and observing the actions of the anaesthesia team during their busiest
time.
The consultant surgeon often discussed the surgical plan with the surgical registrar just
prior to the commencement of the surgery. The intraoperative phase was the busiest time for
the surgical team, with little inter-team interaction. The verbal interactions within the surgical
team were however difficult to follow, as their conversations were often muffled due to the
surgical masks and the surgeons leaning over the patient, away from the observer.
In the urology cases, the surgeon was pivotal in deciding the positioning of the patient,
which, in one case, was anticipated by the charge nurse ahead of time:


Surgeon: “This patient is going to be a bit of a challenge” [positioning-wise]
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Nurse: “Yeah, this is why I said you should come and do it”

The nursing subteam
The nursing subteams differed from the other subteams in the flexibility of their roles,
where nurses routinely took turns at being the scrub nurse. In one long case, the three
members of the nursing team had a discussion at the beginning of the day on who was going
to do what, making the allocation of roles a diplomatic process.
The circulating or the charge nurse was often observed to have a dominant personality,
coordinating everyone’s activities, delegating tasks, monitoring the nursing team and
anticipating the surgeons’ needs ahead of time. An extreme example of this was observed
during one urology case, where the charge nurse volunteered a comment to the observer,
regarding her setting up the x-ray machine:
“What I’m doing here is not a nursing job. But I’m the only one that can get away with
it.”

In this study, nurses were frequently observed to be fierce at protecting the sterility of
the environment in the OR. For example, in one long laparotomy case, a medical trainee on a
surgical rotation was about to approach the operating table after gowning and gloving. The
charge nurse noticed he had not tied the gown around properly, spoke up (”Can I check your
gown please?”), and assisted in proper gowning. During the same case, the same nurse
addressed the trainee again, for standing close behind the surgical registrar (“Hey [trainee
name], [surgical registrar’s name] is not sterile at the back, so you have to be really careful,
alright?”). She then approached the surgical registrar and tightened his gown at the back.
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Examples of nurses protecting the sterile field in relation to their fellow nurses were
also noted. In one case, the scrub nurse reacted to the circulating nurse coming too close to
the surgical trolley (“Could you put some sterile gloves on, please?”)
Nurses in established teams were also observed to not be afraid to question and speak
up against the decisions of members of the other two OR subteams. In one case, the charge
nurse argued against the surgical registrar wanting to change a patient’s dressing (not related
to the surgery site):


Surgeon: “We need to change his dressing at the back.”



Nurse: “What for? It shouldn’t be dislodged.”

The surgeon lifts up the dressing; blood gushes out.


Nurse [shouting]: “What are you doing???”

In another case, a charge nurse demonstrated a good knowledge of the surgeon’s role
and acted accordingly:


Charge nurse: “You would do much better there if you took those top gloves off”



Surgeon: “I would actually, yeah” [Laughs and takes top gloves off, tosses them
aside].

In the cases observed, the surgical checklist (“sign in”, “time out”, and “sign out”) was
overseen by a circulating nurse, except for one long laparotomy case where the “sign in” was
performed by an AT. In only two cases, the surgeon explicitly called for “time out” that was
then performed by a circulating nurse. In one case, as he was leaving the OR, the consultant
surgeon explicitly asked the surgical registrar if he would “do ‘sign out’ with the team”.
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Overall, the nurse seemed to be in charge of ensuring the surgical checklist progressed
smoothly. For example, in one case, the charge nurse initiated time out; everyone said their
names, except for the medical trainee who did not seem familiar with basic procedures. This
was promptly corrected by the charge nurse (”You have to say your name, we’re introducing
ourselves”).
The nurses were also observed to be the ones to let the coordinator know of the progress
of the surgery and when the team was ready for the next case. The nursing team was also in
charge of preventing unnecessary distractions, such as answering the surgeons’ private phone
calls and taking messages.
One striking characteristic that was observed of the nursing role was multitasking.
Examples of this include a scrub nurse in a vascular case chatting informally with the
anaesthetist while simultaneously and effortlessly handing instruments to the surgeon; a scrub
nurse handing instruments to the surgeon while performing an instrument count with the
charge nurse; or the charge nurse being handed new supplies by the circulating nurse in the
middle of a count. Closing up of the incision was observed to be the busiest time for the scrub
nurse, and one with the highest requirement for multitasking and interaction with both the
nursing and surgical teams.
b) Coordination of information and activities
Most procedures were characterised by a relaxed and often jovial atmosphere. This was
especially the case when the team members appeared to know each other well.
In the case of one team, a scrub nurse, who appeared to be a trainee, stood out as an
outsider, needing a lot of guidance from both the surgical and nursing teams, and eventually a
charge nurse to step in as a second scrub to assist her. A lot of the instruments were not
prepared in advance and had to be obtained from outside the OR by another nurse throughout
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the intraoperative phase. Consequently, this situation led to intensified intra-team
coordination for nursing and some tension between the nursing and the surgical teams.

Explicit coordination
Occurrences of clear, explicit, closed-loop communication were observed on numerous
occasions, characterised by the sender of the message making sure that the message was
correctly received through explicit verbal confirmation, such as in the following examples:
Example 1:


Charge nurse (CN):”Periportal tissue? [Holds up an open jar to scrub nurse].



Scrub nurse (SN): “Periportal tissue? [Surgeon’s name]?”



Surgeon (S): “Yep, periportal tissue.”

SN repeats this again, while being handed the tissue specimen by S, and drops it in the
jar. CN closes it, and puts it on the trolley.
Example 2:


CN: “Do you want to look at the specimen [S’s name] or can [SN] hand it off?”



S: “Can hand it off”



CN: “So, that’s a left?”



S [mumbles]: “Ughmm.”

CN waits


S: “Yeah.”

CN takes the specimen and puts the patient’s label on the specimen container.
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In another example, the circulating nurse (CcN) was checking about the patient’s
personal items on the computer file:


CcN: “Personal items?”



CN: “Just dentures.”



CcN: “Is it dentures?”



CN: “Yeah.”

CcN types this information in patient’s file.
AT: “Dentures are here.” Hands them to CcN who puts them on the computer table.


CcN: “Thanks.”

The usefulness of making coordination explicit, closing the communication loop, and
the use of gestures to back up verbal communication in order to prevent potential adverse
consequences was evident from the following example of the nursing team performing a swab
count:


SN [to CN]: “3 swabs.”



CN: “Where?”



SN: “In the cavity.”



CN: “Is that in the cavity?” [writes it down on the board]



SN: “Yeah.”

A while later, SN calls out to CN: “There’s 2” [lifts up 2 fingers].


CN: “Not 3?” Goes to the board to change the record.
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An attempt was made to classify specific examples of explicit coordination behaviours
according to categories described by existing observation systems 23, 49, 113. Examples of
specific categories are provided as follows.

Explicit task management/coordination of actions
Task distribution - delegation:
Anaesthetist (A) [to AT]: “You concentrate on the airway, I’ll do the bagging.”
Task distribution – giving orders:


S [to SN]: “Never load it like that. I can’t put a needle in.”



“See those long ends [holds up sutures]? I want them all long ends. I’ll reuse
them.”



“Do the top one [drape] first. Change your gloves for me in the end.”

Sequencing, task distribution/ delegation:


A [to nurses]: “Can someone let them know we’re going off to sleep, but I still
have a central line to go in after that?”



N: “I wouldn’t take that [drapes] off quite yet cause there’s still a bit of a wound
there.”

Initiating an action:


“Shall we do a sign in?”



“Should we do time out, team?”

Clarification/planning and procedural questions:


CcN: “Alcohol?” [Holds up a bottle].
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CcN: “Does he [S]...? Likes it?”



CN-CcN: “No, he likes ___”

“They know we’re sending down another one [sample], don’t they?”
“Is there specimen collection or not?”
“What other blood product do you want?”

Verbal requests for assistance/explicitly asking for help:
“Pack please, I need a pack.”
“Can we raise the table, please guys?”
“Gown off, please.”

Explicit information management/exchange
Decision making: make/state/(re-)evaluate a decision:
“Right. We are going to turn him on the side to change his dressing.”
“Alright, I think we’re in a position to intubate.”
“I think we should send it [blood product] back.”
“She should have full blood count repeated around 8-9 o’clock.”
“It’s not bad. In fact, what he should be doing is lay on his side.”

Decision making: stating and questioning a decision:


S: “We need to change his dressing at the back.”
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N: “What for? It shouldn’t be dislodged.”

Information request and giving information after request:


AT: “Where’s this patient going afterwards?”



A: “Well, to be reviewed in PACU.”

Verifying information/confirmation /clarification:
“I can’t read your writing. Is that English? I’m just getting clarification.”
“This guy’s on the ward, right?”
Approval:
“Good job everybody!”
Situation assessment/verbalising interpretation of a situation:


A: “So, the bed’s gonna have to go on this side.”



A: “He’s not quite there yet.” [about the patient post-anaesthesia reversal]



A: “It’s not the best of airways.”



S: “There’s a very big loop over there. Very big.”

Teaching
“Watch the chest, if you squeeze too hard, it’s gonna leak.”
“You just hold it in such a way so they can just grab it” [shows with body language to
another nurse how to hand over instruments to surgeons].
Implicit coordination
Common to all the observed cases was the tendency to make a verbal request without
explicitly identifying the recipient. Rather than being directly addressed at a particular
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recipient, it appeared as if the content of the message, often accompanied by a slightly raised
voice or a head turn in the general direction of the recipients, implied who it was addressed to.
This was especially the case when one individual, most often the surgeon, wanted to address a
member outside his immediate team. For example:


S [with a slightly raised intonation]: “The specimen’s gone, yeah?”



N: “Yeah.” [implicitly knows message is directed at her, due to the content of the
message].

Or:


S: “OK, continue screening, please.”

Radiographer (R): acknowledges, double-checks verbally [“Screen?”]


S: “Yes, please.”



S: “Can we have lights dimmed please?”



CN: “Yes, of course.”



S [not lifting his head up from the operating table]: “Hey, can you put this
warmer down, guys?”



A: “Yes.”



S [raised voice]: “AM I ok to start?”



A: “Yeah.”
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Occasionally, the request would be met without verbal acknowledgement from the
recipient:
S: “Can someone clamp the nephrostomy tube for me?” N does it.

A [to no one in particular]: “Head rest?” S hands over the head rest

The above form of coordination was often the norm in the coordination of activities
between the surgeon and the scrub nurse, who in the intraoperative phase seemed to
coordinate as a team of their own. Although there was a lot of closed-loop communication
between the two, characterised by verbal requirements from the surgeon for instruments,
followed by the scrub nurse responding by actions, and surgeon’s acknowledgements upon
being handed them over (for example, “thanks”), the majority of coordination progressed in
the implicit fashion. For example, the scrub nurse handed an instrument when requested, but
also often held up another in anticipation of surgeon‘s future needs. Occasionally, the scrub
nurse demonstrated the ability to anticipate the surgeon’s needs well ahead of time:
SN [to CcN]: “See if you can find scissors longer than that” [lifts up a pair of scissors
for CcN to see].
SN: “How about we check for ultrasound?”

The scrub nurse rarely verbally verified the surgeon’s requests:


SN: “ [names an instrument]?”



S:” Yes, absolutely.”
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The scrub nurse also acted as a backup for the surgical team, making sure the surgeons’
requests had been heard and the nursing team responded correctly:
S asks for a piece of equipment. CN gets up, repeats what S said, walks over to the
supplies cabinet. Then confused, walks to another cabinet.


SN –CN: “What are you looking for?”

CN names equipment


SN: “No, he asked for ____”



CN: “Oh, I thought you said _ _ ” [then finds the correct piece of equipment].

Occasionally, however, the scrub nurse was faced with ambiguous requests she found
difficult to decipher:
S asks SN for an instrument [a long clamp].
SN hands him an instrument.


S: “No.” [motions with a twisting of the hand as if holding scissors and cutting]

SN hesitates


S: “No, the green one.”

CN goes through the packed instruments, finds the one the surgeon then confirms he
asked for, and hands it to SN by opening its packaging.
In rare instances, the scrub nurse did not correctly anticipate the surgeon’s request:
SN about to hand over retractors. Pauses.
S gestures to SN.
SN [chuckles]: “Oh” [Gets another instrument].
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Surgeons’ needs being incorrectly anticipated was most often associated with a scrub
nurse being a trainee or being new to the team. In one observed case, for example, the surgeon
silently showed his disapproval by getting an instrument from the surgical trolley himself
without repeating his request to the scrub nurse who repeatedly held up the wrong instrument;
or the scrub nurse failing to anticipate the surgeons’ needs and subsequently failing to set up
the correct instruments for the procedure, or failing to provide the required assistance:


S:“Give me a Morrison”

SN hesitates


S:“Do they not have any other retractor? Are they not set up for 2 surgeons to
operate?”



S [to SN]: “Suction please.”

SN tries to hand him the suction.


S : “Suck. You need to suck.”

Implicit coordination often took a nonverbal form. An example of this is a charge nurse
moving equipment out of the way in anticipation of the operating table being rotated, or a
nurse moving the diathermy machine to make space for another surgical registrar who was
about to step in – an assistive task management behaviour 23, 49, also referred to as “providing
unsolicited task-relevant actions” 113. Another common example of this type of implicit
behaviour is nonverbal offering of assistance with gowning – for example, a nurse, who was
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working on the computer, noticing the surgical registrar putting on a gown and walking over
to him to assist with tying it.
Similarly, examples of nonverbal requests for assistance 23, 49 were also observed:
SN stands in front of CN, turns her back to CN.
CN undoes SN’s gown and walks off.
Understanding of each other’s roles, equipment and procedural steps, both intra- and
inter-team, were often evident from team members being able to decipher ambiguous or
unfinished requests from their colleagues, or being able to offer assistance having correctly
anticipated their needs:


S: “Do you have one of those 10 french dilated things?”



CN: “Yep” [leaves and brings the correct piece of equipment].



SN [stands behind S]: “Are we putting …[pauses, unfinished]?”



S2: “Dressing. Yes, dressing.”



N2 [addressing A]: “Do you want us to …. [unfinished sentence, pause]?”



A: “Catheterise? Yes, sure.”



SN [addressing CN]: “Ann. Ann.”

CN looks over. SN lifts a swab up for CN to see, wiggles it in the air.
CN nods. Writes something on board.
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A new surgical registrar steps in next to the consultant surgeon and immediately starts
suctioning, with no verbal communication.

Numerous examples of offering unsolicited assistance verbally, often in anticipation of
others‘ needs were also observed:


CN [to A]: “Do you think she needs some cuffs on her legs?”



CN [to SN]: “[Name], do you want some saline?”



CN [to SN]: “[Name], are you alright? Do you want me to take over?”

Examples of providing information without request, or unsolicited task-relevant
information were also observed:


S: “Hey, this guy, you can’t roll him on his left, can only roll on his right.”



N [to AT]: “I’m just gonna get some iv dressings.”

Team members occasionally also provided unsolicited information about themselves or
declared their own needs:


“This is my first case of the day, I want to do this right.”



“I did nothing today!”



“Haha, I need a foot stool.”

Coordination by “monitoring other crew members” 49 was a common occurrence, and
this was especially amplified if a member of the same subteam was a trainee. The monitoring
that occurred implicitly (i.e., watching a colleague perform an action) was usually confirmed
verbally:

188

CcN watches SN and CN performing the initial instrument count, and finally
comments: “Artery opening?”


SN: “I don’t have artery opening.”



CcN: “That’s fine.”

…and in the same case:


CN-SN: “I think you have one that is not working well.”

“Coordination by listening to communication of others”49 was also observed. For
example, during one case, a charge nurse observed an inexperienced scrub nurse handing
instruments to the surgeons:
S asks SN for an instrument [assistance]


SN: “Sorry?” [clarification]

CN repeats the name of the instrument that S asked for to SN
Or:


S-SN: “Self-retainer?”



CN: “Yeah, it’s coming.”

S [looks at SN, who just handed him the incorrect instrument]: “No, no.”


CN [at SN]: “No, no that one. Have you had a mental block or something?”

Examples of “correcting behaviours of other team members”113 mainly through
monitoring of their activity, and in order to prevent potential adverse consequences was also
observed:
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“You have some of your instruments mixed with your swabs. Just make sure you
don’t throw them out.”

Or as in the following examples:


S [to SN, upon being handed an instrument]: “This is not correct.”



CN[to SN]: “Do you actually have 2 in your set? You have 2, use the smaller
one.”



CN[to SN, during a swab count]: “No, I can’t see. You have to lift them up and
show them to me.”



CN [to SN]:“Did you count your sets?”



SN: “No.”



CN: “Well, we probably should have, cause they’re going into the groin.”



N1 to N2: “There’s blood on the floor. Hey [N2’s name], just a thought. You
shouldn’t push the trolley out until the case is finished. The blood canister is still
attached.”



N2: “Where is it?”



N1: “You left it in the corridor.”



N2: “I’ll go and get it.”



N1: “At least the canister – there’s still blood in it.”
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In another example, one nurse reprimanded another (who was an outsider to the team)
for not having washed her hands again after touching the supplies cabinet and then handling
sterile equipment. In a subsequent episode, the new nurse touched the sterile drapes with no
gloves on while being monitored by the same nurse, and was reproached again:


N [to new N]: “Why did you just do that? Because you just touched that before
you put your gloves on, so that’s now rubbish.”

Monitoring for the purpose of being ready to step in and provide back up, was also
observed. For example:


CN [to SN, after having observed her at work for a while]: “[Name], are you
alright? Do you want me to take over?”



CN [to SN]:“Do you want me to get another one?”

In one case, a charge nurse provided back up to the scrub nurse by clarifying with the
surgeon the name of the instrument he asked for:


S [to SN]:“Please [name of the instrument].”

SN hands him an instrument. S pauses, looks at CN, who is monitoring the exchange,
and passes the instrument back to SN:


CN [to S]:“Did you say [repeats the name of instrument]?”



S:“Yes.” SN hands S the correct instrument.

Monitoring for the purpose of starting a task dependent on a successful completion of a
prior task, often performed by a different team member, was also observed. Examples of this
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behaviour include an anaesthetist observing the surgeons’ progress in order to identify how
soon to start reversing the anaesthesia, or a charge nurse waiting behind the sterile trolley for
the scrub nurse to obtain a tissue specimen from the surgeon, so that she can hand it to the
circulating nurse who then needs to label it and send it for processing.
Examples of “coordination via artefacts”23, 49 were also observed, such as nurses
rechecking the instrument count written on the white board, followed by the following
process information transfer:


CN [looks at the white board, to SN]: “[Name], are those [points at writing] out?”



SN: “No.”

In another case, one nurse noticed another nurse had left a machine power cord sitting
in a water puddle on the floor. She moved the cord, got a towel and wiped the floor.
Coordination breakdowns
Problems in team coordination were often observed in those cases where there was ‘an
outsider’ present in a well-established team, or when there was a trainee present. In those
cases, it appeared that the process was interrupted due to those involved not having a shared
understanding of the situation and one team member not being able to correctly anticipate the
needs of another. Apart from the example of the scrub nurse disrupting the flow of surgery by
handing incorrect instruments to the surgeon, several examples of breakdowns in coordination
were observed within the nursing team. In one episode, a circulating nurse walked into the
OR holding a bottle of saline. She then looked at the charge nurse and the scrub nurse while
opening the bottle, as if seeking confirmation nonverbally. After not having received any
acknowledgement from either of the two nurses, she finally approached the scrub nurse and
diverted her attention by offering her the saline:
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SN [to CcN]: “Don’t need another one, sorry.”

CcN leaves the open bottle on the computer table without telling anyone and walks out.

In other examples, the scrub nurse incorrectly assumed that the charge nurse would
implicitly understand what she meant:


SN-CN: “2 steri strips, please.”



CN brings and opens a package. SN [looks at them]: “Oh, not these - the blue
ones.”

SN [lifts up a piece of dirty gauze, looks at CN]:


N3 [walks over to supply cabinet]: “How many pieces?”



SN-N3: “Oh, no – I meant swab count.”

Disruptions to the coordination process were also observed to occur due to a team
member being reluctant to engage in inter-team coordination, engaging the members of his
own subteam instead:


S: “Can we open the nephrology tube?”



CN looks at SN, reaches behind for a catheter. Holds it up for SN to see.



S: “No, no, no. The NEPH tube. It’s in the kidney. It’s been turned off.”

During a long case, the circulating nurse tries to convey a telephone message meant for
the surgeons via the scrub nurse:
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CcN gets off the phone, stands behind the surgeon and calls out to the scrub nurse.


S [to CcN]: “Why are you calling her when there are two consultants and a reg in
the room? Speak!”

In another case, a circulating nurse was also reluctant to talk to the surgeon directly:


CcN: “Alcohol?” [Holds a bottle up, turned towards surgeon but looking at the
CN].



CcN: “Does he [S]...? Likes it?”



CN-CcN:“No, he likes ---”

In one case, the surgeons passed on a message to the circulating nurse about which
instruments they will need, assuming this will be relayed to the SN:


CcN [to SN]: “Oh, didn’t they tell you about it? I told them, don’t tell me to relay
the message – you tell them.”

The reverse was also observed, where the scrub nurse relied on the circulating nurse to
answer a question intended for the surgeon:


SN looks at CcN: “Can I paint now?”



CcN: “Sure you can paint.”

Examples of communication related distractions, or “case-irrelevant communication”236,
or non-coordination related communication or “informal chatting”49 were also observed.
These often involved requesting information about another patient or telephone calls to
surgeons’ private phones – distractions that the circulating nurse often prevented by
answering them and taking messages she conveyed to the intended recipient only if urgent or
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case-related. In other cases, interruptions to the case were due to the coordination of the
overall work process which involved talks about the changes to the schedule, cancellations of
the last case on the list, discussions on other surgeons taking over the subsequent case, or
requesting updates on the current case from outside of the OR. This often involved people
outside the OR team coming into the OR and disrupting the coordination flow.
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7.3. Appendix 3. Case briefing sheets
Scenario 1 – Ian Peterson (abdominal stab wound)
Briefing sheet for surgeon A
It’s 0800h on a weekend. You have just turned up at work for a ward round and have
been called by the on-call night registrar. He advises you about a case requiring urgent
attention. Ian Peterson aged 48 came in about an hour ago with a stab to the abdomen.
He was seen in ED as a trauma call. The injury seems isolated, the patient is shocked
but stable with modest fluid requirements. He’s on the methadone program. Others were
brought in with less severe injuries. The surgical registrar has sent him straight up to the
OR and called to ask if you can do the exploratory laparotomy.

Briefing sheet for surgeon B
It’s 0800h on a weekend. You have just got to work and been called by your colleague
to assist in theatre. A victim was brought in with a stab wound to the abdomen after
some sort of incident at a “P” users’ (methamphetamines) party. He is shocked but
stable with modest fluid requirements and is coming up to OR from ED. The rest of the
theatre staff is on the way to theatre and will meet you here.

Briefing sheet for nurse A (CN)
It’s 0800h on a weekend. You’ve just arrived at work as acute OR charge nurse for the
day. The nursing coordinator tells you there’s an abdominal stab patient coming up
from ED for urgent laparotomy. The knife is still in situ and the coordinator relays a
message from the police to cover and preserve fingerprints on the knife. The night team
has already begun setting up for the case and you are asked to go to OR to help.

Briefing sheet for nurse B (scrub nurse)
It’s 0800 on a weekend and you’ve just arrived at work. The nursing coordinator calls
you and tells you there’s an abdominal stab patient with hepatitis C coming up to OR
for urgent laparotomy. The night team has already begun setting up because of the
urgency. She asks if you could go quickly to scrub for the case.

Briefing sheet for anaesthetist
It’s 0800h on a weekend and you’ve just arrived at work. The nursing coordinator tells
you there’s a male patient with an abdominal stab wound for urgent laparotomy. The
ED reg has brought him up and they’re in OR waiting for you. He’s shocked but stable
with modest fluid requirements with knife in situ. The only records in the system on
him are dispensing records as per this printout. Dispensing notes dated 9 months
previously: Warfarin, cilazapril, paracetamol, simvastatin.
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Briefing sheet for anaesthetic technician
It’s 0800 on a weekend and you’ve just arrived at work. You heard there’s an urgent
case coming up to your theatre - an unknown male stabbed in the abdomen. The night
tech tells you they have just completed a level 2 check of the machine, the patient has
an A line, and the Belmont is ready to go outside OR. Blood bank rang through to say
they were processing the sample and the massive transfusion protocol had not been
activated. You are asked to go to OR and start the case.

Scenario 2 – Brian Richards – suspected perforated viscus
Briefing sheet for surgeon A
It is 0800h on a weekend. You have just turned up at work for a post-acute ward round
and have been called by the night registrar. He advises you about a case requiring
urgent laparotomy for suspected perforated viscus. The patient has had 24 hours
abdominal pain, worsening overnight and he came in about three hours ago to ED quite
unwell. He was seen at White Cross two days ago complaining of a sore leg after
arriving from London. O/E guarding, febrile and x-ray showed free air under the
diaphragm. Theatre nurses have sent for him and he should be in theatre. Please could
you go there to perform the operation.

Briefing sheet for surgeon B
It is 0800h on a weekend. You have just turned up at work and you are called by your
consultant to assist in theatre. A patient, Brian Richards, needs an urgent laparotomy for
suspected perforated viscus. He is quite unwell and has medical problems. A second
group and screen sample is needed as the first sample was not labelled correctly. Other
theatre staff are on the way to theatre and will meet you there.

Briefing sheet for nurse A (CN)
It is 0800h on a weekend. You have just turned up at work and are the charge nurse in
acute OR for the day. The theatre coordinator has sent for a patient, Brian Richards for
an urgent laparotomy for suspected perforated viscus. She also mentions that he is quite
unwell, and that CSSD rang a short while ago to say that there’s a problem with the
steam – it’s out of action for now. Other staff are on the way to theatre and will meet
you there.

Briefing sheet for nurse B (scrub)
It is 0800 on a weekend. You have just turned up at work. The floor coordinator has
sent for a patient, Brian Richards is ready to go for an urgent laparotomy for suspected
perforated viscus. She also mentions that he is quite unwell, and that ED told her he
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hasn’t had his metronidazole infusion yet as they ran out of time. Other staff are on the
way to theatre and will meet you there – you will be scrubbing for this case.
Briefing sheet for anaesthetist
It is 0800h on a weekend. You have just turned up at work. The theatre coordinator has
sent for a patient, Brian Richards for an urgent laparotomy for suspected perforated
viscus. She mentions that he is quite unwell. As you were on your way to theatre, you
read on the booking form as follows:
BOOKING SLIP
IHD, hypertension, mild asthma
Patient taking gingko* and garlic*, inhalers, aspirin, diltiazem.
* these can affect coagulation

Other staff are on the way to theatre and will meet you there.

Briefing sheet for anaesthetic technician
It is 0800h on a weekend. You have just turned up at work. The theatre coordinator has
sent for a patient, Brian Richards, for an urgent laparotomy for perforated viscus. She
mentions that the patient is quite unwell, someone from ICU rang to say they don’t have
a bed for this patient. The machine has had a level 2 check by your colleague but he had
to leave. The rest of the staff are on the way to theatre and will meet you there.
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7.4. Appendix 4. On-screen instructions for performing the Momento task sort
CARD SORTING EXERCISE

In the following exercise, you will be sorting actions relevant for a successful completion of an urgent laparotomy
for suspected perforated viscus [management of an abdominal stab patient] once the patient is in the OR, in the
order in which you believe they should be performed and by which team ( i.e., anaesthesia, surgical, nursing)

you believe they are most likely to be performed.
NOTE: The actions depicted on the cards are only a subset of steps that may be characteristic of the procedure
and the list is not intended to be exhaustive.
Please read the following instructions carefully.

Instructions for sorting cards in a chronological sequence:

Drag and drop cards representing actions to be completed during the above procedure from the column labelled
'Unsorted' on the left of the screen to the column labelled 'Main Action Sequence' ( see the image below) . Sort
the cards in a chronological order from top to bottom, down the 'Main Action Sequence' column in which you
believe actions represented on cards should be performed throughout the procedure ( regardless of who you
think should perform them) . Once positioned, individual cards can be rearranged within the sequence by
dragging and dropping.

If you believe additional actions should be performed at the same time as the chosen action, drag the card
representing the parallel action across to the first column labelled 'Parallel Actions' and drop it adjacent to the
chosen action in the 'Main Action Sequence' column.
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You can drag and drop up to 4 cards adjacent to the 'Main Action Sequence' column to depict actions that you
believe should occur in parallel to any step in the sequence. The order in which you sort parallel actions is not
important.

NOTE: You do not have to sort actions in parallel if you believe they can all be performed in a sequence. In that
case, simply order them chronologically down the 'Main Action Sequence' column.
Each individual card can be placed in only one step of the sequence. The number of cards ( i.e., actions) you
place in the sequence ( i.e., down the 'Main Action Sequence' column) is entirely up to you.
If you believe an action is not required for the management of this particular patient, leave the card depicting that
action in the 'Unsorted' column. In this case, at the end of the task you will be prompted to confirm that the
action( s) on card( s) left in the 'Unsorted' column are not required, as opposed to overlooked.

Instructions for assigning actions to teams:
As soon as you drag and drop a card from the 'Unsorted' column, a window will pop up next to the card asking you
to select the team ( i.e., surgical, nursing, or anaesthesia) you believe is most likely to perform the action depicted
on the card. Point to the appropriate team on the list and click to make a selection. You can choose to assign an
action to a team or change your selection of a team at any point in time by right-clicking on an individual
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card. You will know that an action has been assigned a team when the card depicting the action changes colour ( as in
the image below) . Each of the 3 teams is denoted by a different colour:

Surgical = GREEN

Anaesthesia = RED

Nursing = BLUE

NOTE: Assign an action to a team even if you feel it is most likely to be performed by only one of the team members
( e.g., only the scrub nurse for nursing team, an anaesthetic technician for the anaesthesia team, etc.) .

At the end of the task, you should have sorted cards showing actions you believe are required for the management of
this case from the 'Unsorted' column down the 'Main Action Sequence' column and should you choose, across in the
'Parallel Actions' column( s) . Cards depicting actions you believe are not required for the management of this
particular patient should remain in the 'Unsorted' column. You should have also assigned a team to each sorted action
to denote who you think is most likely to perform it during the procedure.
When finished, click the COMPLETE button at the bottom right of the screen.
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