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Abstract 

An exploratory study on high reliability organization principles in healthcare 

communication analyzed through recurrence quantification analysis, as well as 

conceptual recurrence analysis, was conducted.  The research aimed to establish a set of 

high reliability organization (HRO) principles and recurrence metrics associated with the 

performance of surgical teams based on their communication patterns.  The relationship 

between the communication metrics and the teams’ performance – the time for the 

surgical teams to detect or to resolve a complication in a simulated surgical scenario – 

was analyzed.  Through recurrence quantification analysis, metrics of percent recurrence 

and communication determinism were calculated from the communications deemed to be 

indicative of the HRO principles.  Conceptual recurrence metrics of accommodation, 

engagement, and leadership were also calculated through the software of Discursis based 

conceptual recurrence plots from the transcriptions of the procedures.  A correlation 

coefficient analysis confirmed that the nature of the resolution for a complication – 

obvious or obscure – affected the communications.  Three main conclusions can be made.  

First, surgical teams with communication indicative of commitment to resilience resolved 

the complications with obscure resolutions in less time.  Second, surgical teams with 

communication indicative of deference to expertise – regardless of who spoke – resolved 

the complications with obvious resolutions in less time.  Third, surgical teams exhibiting 

communication patterns with greater metrics of leadership resolved the complications 

with obvious resolutions in less time.  In conclusion, during complications, surgical teams 

exhibiting communication indicative of the HRO principle of commitment of resilience 

during obscure resolutions, the principle of deference to expertise during obvious 

resolutions, and the conceptual recurrence metric of leadership during obvious 

resolutions are associated lower resolution times.    
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Chapter I: Introduction 

Engineers, statisticians, as well as researchers in psychology and sociology have explored 

ways to enhance reliability (Roberts, Yu, and van Stralen 2004, 3).  Researchers were originally 

interested in only the disaster aftermath, rather than disaster prevention often studying how a 

community redevelops after destruction, such as the Three Mile Island accident, as opposed to 

they could avoid the event.  Researchers started investigating ways that high-risk organizations 

could reduce risk while maintaining highly reliable operations.  This set the foundation for future 

studies for high reliability organizations (HROs).  HROs function in a hazardous environment, 

yet succeed in keeping their error rate low.  However, not all high-risk organizations are highly 

reliable; only a subset of high-risk organizations are referred to as highly reliable.  If the 

organization does not experience a catastrophic failure in tens of thousands of opportunities, then 

the organization is highly reliable (Roberts 1990, 160). 

This dissertation used the Weick-Sutcliffe model for HROs.  The model explains how 

teams interact with each other and their environment to achieve high reliability with five 

principles divided into two categories, anticipation and containment describe HROs.  

Anticipation includes the principles of preoccupation with failure, reluctance to simplify, and 

sensitivity to operations.  Containment includes the principles of commitment to resilience and 

deference to expertise. 

Currently healthcare organizations are not considered a high reliability organization.  

However, the organization has been making strides by recognizing that they can learn from 

HROs and apply the principles to their environments.  In fact, both the Joint Commission (JoCo) 

and the Agency for Healthcare Research and Quality (AHRQ), have new initiatives to improve 

reliability in healthcare based on HRO principles.  Much of the improvement relies on 

improvement in teamwork and communication (Joint Commission; Agency for Healthcare 

Research and Quality). 

Research Objective 

This research aimed to establish a set of high reliability organization principles and 

recurrence metrics, which are significant in predicting the performance of surgical teams based 

on their communication patterns analyzed through recurrence plot metrics, with performance 

defined by the time for the team to respond to an unexpected event.   
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Research Approach 

This dissertation explored communication patterns of surgical teams through a simulation 

study.  The simulation study at the Texas Tech University Health Science Center SimLife Center 

provided a more in-depth analysis into the communication patterns through simulations of 

surgical procedures.  Five teams completed four simulated surgical procedures each, one that 

resembled normal operating conditions and three scenarios with a hidden shock (not immediately 

obvious to the team members). 

The time required to respond to the shocks, such as the patient going into cardiac arrest, 

was noted for each surgical team and used to evaluate performance and communication.  The 

simulations were transcribed and coded according to which team members spoke, as well as the 

principles for HROs.  In particular, communication events based on sensitivity to operations, 

commitment to resilience, and deference to expertise were coded and evaluated.  Recurrence 

metrics, such as percent recurrence and communication determinism, as well as conceptual 

multi-participant recurrence metrics were calculated.  Correlation coefficient analysis was 

conducted to determine which of the metrics are significant in predicting performance of surgical 

teams based on communication. 
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Chapter II: Literature Review 

Introduction 

This chapter is divided into two parts.  The first part provides a literature review of 

relevant topics for the dissertation, including a discussion of high reliability organizations and 

principles established from such organizations, and improving reliability in healthcare through 

HRO research.  The second part of this chapter provides an explanation of recurrence plots, 

recurrence quantification analysis (RQA), conceptual recurrence plots, and multi-participant 

recurrence metrics.  Studies completed with these methods, especially in communication, are 

highlighted.   

Part 1: Literature Review of Relevant Topics 

High Reliability Organizations 

Researchers have explored ways to enhance reliability, often focusing on how a 

catastrophic event could have been avoided (Roberts, Yu, and van Stralen 2004, 3).  Perrow, an 

industrial accidents examiner, a contributor to the Three Mile Island investigation, and 

subsequently published Normal Accidents: Living with High-Risk Technologies in 1984 (and 

again in 1999) (Perrow 1984; Roberts, Yu, and van Stralen 2004, 4).  In his book, Perrow 

concludes that technologies (commercial nuclear power plants and modern militaries) are so 

dangerous they should be shut down altogether.  He states that “high-risk organizations” are 

hazardous because they are tightly coupled (events occur successively without hesitation) and 

complexly coupled (events are so complexly connected that their causal relations cannot be 

determined).  Perrow’s findings are now known as Normal Accident Theory (NAT) (Perrow 

1984; Roberts, Yu, and van Stralen 2004, 4-5). 

Other researchers have investigated ways that high-risk organizations could reduce risk 

while maintaining highly reliable operations, in spite of unlikely successes as hypothesized by 

Perrow.  Although a small number of the technologies Perrow referred to perhaps should not 

exist in an ideal world, on overthrow of them is impracticable.  Instead, actions should be taken 

to insure that these technologies operate as close to error free as possible.  Furthermore, the 

researchers showed that organizations such as banks, which are considered relatively low 

technology (or risk) organizations, can also cause devastation, and often to the comparable 
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degrees as high technology (risk) organizations (Roberts, Yu, and van Stralen 2004, 5).  This 

research set the foundation for future studies in what is now referred to as high reliability 

organizations (HROs). 

HROs function in a hazardous environment, yet succeed in keeping their error rate low.  

If a failure does occur, it is often catastrophic.  Research has been conducted in many HROs such 

as aviation (e.g.  Helmreich 2000), nuclear submarines (e.g.  Bierly III and Spender 1995), 

airport security (e.g.  Frederickson and LaPorte 2002), nuclear powered aircraft carriers (e.g. 

Roberts 1990; Rochlin, La Porte, and Roberts 1987), flight decks (e.g.  Weick and Roberts 

1993), transportation of inmates (e.g. Babb and Ammons 1996), and railroad operations (e.g. 

Roth, Multer, and Raslear 2006).  These organizations maintain low error rates due to how they 

operate internally; specifically there are eight characteristics and three features of HROs as 

defined by Roberts and Rousseau (Roberts and Rousseau 1989, 132-133). 

The eight characteristics found in HROs are hyper complexity, tight coupling, extreme 

hierarchical differentiation, redundancy, accountability, immediate feedback, compressed time 

factors, and simultaneous critical outcomes.  Details and examples of each are provided in 

Appendix A: Robert and Rousseau’s Characteristics of HROs.  Furthermore, Roberts and 

Rousseau define three features found in HROs.  First, HROs are “invisible” until a failure occurs.  

At this point, the customer (or public) demands change to prevent such an event again (while in 

comparison, failures in organizations that are not highly reliable are typically not noticed, as they 

do not cause catastrophic damage to draw attention from the public).  Second, HROs operate at 

the edge of human capacity.  They push to the limits of human capability, thus relying on 

constant training and frequent rotations often to preserve efficiency.  Third, HROs have diverse 

constituencies in which the designers are frequently unaware of the human ability (or inability) 

to operate the designed system.  The designers assume that people can operate any system they 

design.  These three features combined with the eight characteristics “create distinctive problems 

and methodological difficulties.  These problems are different from research problems in other 

complex organizations (Roberts and Rousseau 1989, 133). 

Weick and Sutcliffe, another set of pioneers in HRO research, studied nuclear aircraft 

carriers, hostage negotiation teams, and wild land firefighting crews.  They developed a model, 

with a focus on mindfulness, for HROs based on the distinctive features of the organizations.  

Mindfulness is “a rich awareness of discriminatory details” (Weick and Sutcliffe 2007, 10).  That 
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is, HROs should have a detailed understanding of rising threats and causes that interfere with 

such understanding.  With mindfulness, they see the significance in weak signals and take action 

vigorously (Weick and Sutcliffe 2007). 

The Weick-Sutcliffe model explains how teams interact with each other and their 

environment to achieve high reliability.  HROs understand discrepancies more fully and deal 

with them more confidently (Weick and Sutcliffe 2007).  Five principles divided into two 

categories, anticipation and containment, describe HROs.  The five principles of the model are 

summarized in Table 1. 

Table 1: Weick and Sutcliffe’s Principles of HROs  
(Weick and Sutcliffe 2007, 19-25) 

Category Principle Brief explanation 

Anticipation 

Preoccupations with failure Embrace failures and weak signals 

Reluctance to simplify Categories unavoidable, but carried lightly 

Sensitivity to operations Recognize that accidents not result of 1 error 

Containment 
Commitment to resilience  Identify, control, and recover from errors 

Deference to expertise Encourages communication from all levels 

 

The first category in Weick and Sutcliffe’s model is anticipation.  This category focuses 

on focus on the prevention of disruptive unexpected events.  There are three principles in 

anticipation.  First, HROs are preoccupied with failure.  Failures are embraced, even weak 

signals, in order to take action to stop further damage from occurring, to learn why it happened, 

and to know how to prevent the failure from happening again.  HRO strategies spell out mistakes 

that are unlikely but possible due to the human aspect in these organizations.  They look 

relentlessly for symptoms of malfunctioning, as they may be a clue to additional failures 

elsewhere in the system.  They are suspicious of quiet periods and obsessed with success 

liabilities, such as overconfidence (Weick and Sutcliffe 2007).  

The second principle in the category of anticipation is that HROs are reluctant to 

simplify.  HROs simplify slowly, reluctantly, and mindfully.  They create more complex pictures 

of situations while encouraging spanning of boundaries, negotiating, skepticism, and differences 

in opinions.  Although categories are unavoidable, they are carried lightly.  Due to their 

reluctance, the details preserved and the needs for simplification are reduced (Weick and 

Sutcliffe 2007). 

The third principle in the category of anticipation is that the organization has a sensitivity 

to operations.  HROs are responsive to the messy reality inside most systems.  That is, they look 
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at what the organization is actually doing regardless of what they were supposed to do based on 

intentions, designs, and plans.  They offer attentiveness to those on the front line and 

acknowledge that an accident is often not the result of a single active error.  Rather HROs see 

that accidents are caused by errors lying latent in the system (Weick and Sutcliffe 2007). 

The second category in Weick and Sutcliffe’s model is containment.  In this category, the 

organizations work to prevent unwanted outcomes after unexpected events have occurred.  

HROs admit that unexpected events sometimes happen so they move into containment to prevent 

unwanted outcomes after an unexpected event has occurred.  As Weick and Sutcliffe state, 

“Reliable outcomes require the capabilities to sense the unexpected in a stable manner and yet 

deal with the unexpected in a variable manner” (Weick and Sutcliffe 2007). 

The two principles in containment are commitment to resilience and deference to 

expertise.  With a commitment to resilience, HROs are able to identify, control, and recover from 

errors.  HROs correct the errors before they worsen and cause harm that is more serious; 

therefore, the system continues to operate despite failures.  HROs practice worst-case scenarios 

and learn from failures.  They know they have not experienced all possible failures, so they must 

be continually wary of failures (Weick and Sutcliffe 2007). 

The second principle in containment is deference to expertise.  In HROs, expertise is not 

necessarily matched with a chain of command.  In fact, some decisions are made by those not in 

authority.  HROs make an effort to see what people on their frontlines know and encourage 

communication of expertise from all levels.  “In a macho world, asking for help or admitting that 

you’re in over your head, is frowned upon.  Good HROs see it as a sign of strength to know 

when you’ve reached your limits of your knowledge and know enough to ask for help” (Weick 

and Sutcliffe 2007).   

Improving Reliability in Healthcare through HRO Research 

As this study is centered in the healthcare field, reliability and improvements to reliability 

in healthcare is briefly discussed.  The 1999 Institute of Medicine publication of To Err is 

Human: Building a Safer Health System drew national attention to the issue of patient safety 

(Kohn, Corrigan, and Donaldson 1999).  It argued that although some progress has been made to 

reduce errors, there is room for improvement – communication being among the chief area of 

focus.  Errors in the operating room (OR), in particular, can have severe consequences for those 

involved, including patients, friends and families, members of the hospital, the hospital as a 
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whole, and even the community.  The World Health Organization (WHO) states that seven 

million patients have post-operative complications annually while a million patients die during or 

after an operation every year.  If classified as a disease, medical errors, such as sponges left in 

cavities, would be the third leading cause of death in the United States with nearly 100,000 

deaths (Makary 2016).  Over 200,000 deaths occur annually due to medical mistakes.  Such 

mistakes resulted in an economic cost of approximately $38 billion each year (Debourgh and 

Prion 2012).  

At least 50% of these harmful events related to surgery are preventable; the most 

common types are technical errors, errors in diagnosis, failures of prevention, errors in drug 

dosage, and communication breakdowns (Olden and McCaughrin 2007; Greenberg et al 2006).  

The Joint Commission on Accreditation of Healthcare Organizations found that nearly 70% of 

sentinel events (unexpected complications unrelated to patient’s condition) reported during 2005 

were contributed to poor communication (Greenberg et al 2006; Makary et al 2006).  

Furthermore, approximately 75% of these patients died (Leonard, Graham, and Bonocum 2004).  

The book Achieving Safe and High Reliable Healthcare: Strategies and Solutions says it clearly: 

“Healthcare quality has traditionally been seen as a function of the professionals providing care; 

going forward, quality and safety will need to be measurable and visible to patients and 

purchasers of that care”  (Leonard, Frankel and Simmons 2004). 

This dissertation is focused around communication in the operating room (OR).  The OR 

is an environment that often has diverse medical backgrounds with unclear team relations and 

stressful events.  This makes for a challenging situation in which communication is of vital 

importance though recent studies show a lack of reliability in the OR.  While it can be difficulty 

to investigate new methods to improve teamwork, reliability, and communication, in-situ 

simulation offers a solution. Paul et al (2013) found that measurable improvements in teamwork 

and communication through a simulation-based study.  

Four types of communication breakdowns occur in a surgery - occasion, content, 

purpose, and audience.  (See Table 2.)  The breakdowns are often verbal and evenly distributed 

between pre-op, intra-op, and post-op (Lingard et al 2004).  Ambiguity about responsibilities, 

status asymmetry (one has substantial more power or greater rank), hand-offs, and transfers are 

common causes of communication breakdowns (Greenberg et al 2006).   
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Table 2: Communication Failures in Operating Room 
(Lingard et al 2004) 

Failure Definition Example 

Occasion Communication occurs at 

poor time or in poor context 

Surgeon asks anesthesiologist if antibiotics have been 

given 30 minutes after the time they are typically given. 

Content Insufficient or inaccurate 

information transferred 

Anesthesiologist asks surgeon if an ICU bed will be 

available for the patient.  The surgeon replies that one is 
not likely to be needed and is not likely to be available 

anyway.  (This could also be classified as a purpose 

failure.) 

Audience Necessary team members are 
not present at time of 

communication event 

The position of the patient is discussed without a surgical 
representative.   

Purpose The purpose of the 

communication event is 
unclear, not achieved, or 

inappropriate 

During an organ resection, the nurses discuss if ice will be 

needed.  Since neither knows, the conversation ends.   

 

Although healthcare cannot be classified as a high reliability organization yet, it can learn 

much from HROs.  Until the medical industry understands how HROs principles can be 

translated for medical professionals, they will continue to struggle to improve patient safety 

(Shapiro and Jay 2003, 239).  Many healthcare organizations have come to this understanding 

and are already making changes to increase successful operations in order achieve the success of 

a HRO (Carroll and Rudolph 2006, i8).  Two of the main organizations in healthcare, the Joint 

Commission (JoCo) and the Agency for Healthcare Research and Quality (AHRQ), have new 

initiatives to improve reliability in healthcare.  The JoCo established the Joint Commission 

Center for Transforming Healthcare in 2009 with the objective to transform healthcare into a 

high reliability industry (Joint Commission).  The Joint Commission’s model - High Reliability 

Health Care Maturity (MRHCM) model supports reliability development in healthcare. The 

model is composed of three domains for promoting high reliability – leadership, safety culture, 

and Robust Process Improvement.  It was recently applied to a Veteran Affairs health care 

system.  The study found characteristics that were not include in the model, such as 

communication within teamwork culture that would play a part of becoming more reliable 

(Sullivan et al, 2016).  

The AHRQ has also made the transformation a key project by publishing a 131-page 

document entitled “Becoming a High Reliability Organization: Operational Advice for Hospital 

Leaders” in April 2008.  The document provides feedback from hospital leaders who have used 

HRO concepts to make patient care better (Agency for Healthcare Research and Quality).  
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Research in healthcare has also made progress as now, “most medical error and patient 

safety problems are thought to be the result of organizational system factors and deficiencies 

rather than failures of an individual person” (Olden and McCaughrin 2007, 4).  Research is 

beginning to provide insight into the context of care that influences reliability (Provonost et al 

2006, 1613).  It is no secret that the human contribution to adverse events in medicine is 

significant.  However, human contribution is significant in aviation, as well, which has obtained 

high reliability (Shapiro and Jay 2003, 238). Crew Resource Management Training and 

checklists, which are common in aviation, continue to be applied in healthcare settings with 

positive results (Paull et al 2013; Arriaga et al 2013). For healthcare, studies have found that 

suggests team-training can improve healthcare team processes, as well as patient outcomes 

(Weaver and Rosen, 2014).  

The improvement of patient safety and higher reliability relies on team performance.  

Examination of highly reliable teams and principles is growing, especially within healthcare 

(Wilson 2005, 308; Tolk, Cantu, and Beruvides 2015).  It is known, however, that the 

establishment of high reliability teams can aid the organization to become highly reliable as a 

whole.  One study presents a structure for promoting safety through three levels—organization, 

team, and development strategies.  At the organization level are the Weick and Sutcliffe HRO 

principles, as discussed above.  The team level consists of guidelines related to each HRO 

process followed by developmental training strategies.  The training strategies are perceptual 

contrast, team coordination, team self-correction, scenario based, guided error, and cross 

training.  This study provided a mapping between HRO principles and events in healthcare (See 

Table 3.)  (Wilson et al 2005). 

One study developed and tested a theoretical framework, based on HRO and Perrow’s 

Normal Accident Theory theories, to improve medical errors and patient safety.  The framework 

takes a “big picture” approach instead of organizational interventions (e.g., requiring medication 

order read backs in single organizational units).  It was applied in over 100 intensive care units 

(ICUs) in Michigan to reduce catheter-related blood stream infections with great success 

showing that the application of HRO principles within healthcare can improve reliability 

(Provonost et al 2006). 
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Table 3: Healthcare Behaviors and Examples in Relation to HRO Principles  

 

Additional studies conducted case studies to aim to improve patient safety.  For example, 

a team of researchers conducted interviews, document reviews, and group observation of 

participants at a subacute nursing facility.  The study found themes of process standardization, 

check and redundancy, authority migration, communication, and teamwork within the data.  The 

need for communication was stressed (Padgett et al, 2017).  However, the studies on healthcare 

communication ranged from analyzing the use of cell phone apps (Johnston et al, 2015) to a 

method of classifying communications during procedures to improve teaching processes (Blom 

et al, 2007). In the latter study, Blom et al (2007) collected data during eight laparoscopic 

cholecystectomies on the type of communication (commanding, explaining, questioning, and 

miscellaneous) and content of the communication (operation method, location, direction, 

instrument handling, visualization, anatomy and pathology, general, private, undefinable) during 

six phases of the operation (start, dissection, clipping, separating, control, closing).  The study 

confirmed a classification method of communications and recommended to be used in 

evaluations of training methods between surgeons and residents processes (Blom et al, 2007).  

Similarly, another group of researchers studied communication types, purpose, content, 

and initiators/recipients during 20 open and 20 laparoscopic inguinal hernia repair. The data for 

this study were collected prospectively in real time in the OR. It was found that surgeons 

provided leadership, with a lack of communication between surgeons and anesthesiologists  The 

researchers suggest interventions to improve communications (Sevdalis et al, 2012).  

Weick-Sutcliffe 

principles 

Examples in health care 

Preoccupations with 

failure 

RN asks the doctor if he has marked the surgical site (could also be classified 

as deference to expertise).   

Reluctance to 

simplify 

Attending resident discusses roles, responsibilities, and expectations for the 

staff for when a critical patient arrives.   

Sensitivity to 

operations 

Outgoing RN informs the incoming RN of patients’ status; incoming RN 
summarizes info and the outgoing RN confirms accuracy.   

Commitment to 

resilience  

Nurse monitors a doctor’s performance during a procedure to ensure steps 

are not omitted. 

Deference to 

expertise 

Nurse questions a doctor’s medication order because the patient has known 

allergies. 
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In a recent dissertation – on which Sutcliffe served as committee chair and Weick as a 

committee member – studied the act of updating, defined by the author as “a process in which 

actors revisit and potentially revise their current understanding of and response to an evolving 

situation.”  Observations in the field (the emergency department) and the medical simulation lab 

were studied and the researcher developed a theory around how updating is accomplished based 

on the qualitative data.  The study found that effective updating occurred the majority (67%) of the 

time but with significant variation in performance of the 24 ED teams during simulation 

(Christianson 2009). 

Another dissertation also studied communication in NASCAR.  This dissertation 

completed a mathematical analysis, specifically a linear regression, to show that effective 

communications play a role in race team performance.  The researcher proved that increasing 

communications density (number of meaningful words) improves performance.  The findings 

predict a meaningful value in terms of the number of words for the team to achieve beyond the 

last race practice.  In other words, the analysis gives the team a goal of additional meaningful 

words in hopes of achieving first place in the race.  Although not directly related to healthcare, 

this study confirms the importance of communication in teamwork and performance, and the 

application of mathematical analysis methods (Stainback 2010). 

Part II: Review of Recurrence Plots and Quantification Analysis 

This part provides a brief summary of the two analysis methods to be used in this study.  

First, recurrence plots and recurrence quantification analysis are explained.  A simple example 

from Dr. Seuss’ books is provided and an area of study in which this method has been used is 

presented, especially the studies within communication.  The main quantification metrics 

calculated from the plots are also explained.  Next, conceptual recurrence plots, which are an 

extension of recurrence plots, are discussed.  The metrics developed from these plots and studies 

using this method are provided.  Additionally, the software program, Discursis, established by 

researchers in this field, is introduced. 

Recurrence Plots 

This section details recurrence plots and recurrence quantification analysis (RQA).  

Recurrences plots were introduced by J.P. Eckmann, a professor of mathematics and physics, in 

1987 (Eckmann, 1987).  They are an advanced technique of nonlinear data analysis.  Recurrence 
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plots (RPs) are a 2-dimensional visual representation of a time series, or sequence of data, of 

length N in an N-by-N array of dots or blocks, where x(i) be the ith point in the sequence.  Dots 

are placed at (i, j) whenever x(j) is sufficiently close to x(i).  This method allows for visual 

interpretation of the data and makes it instantly apparent if the system is periodic or chaotic, as 

well as allowing for further quantification analysis.  The plots permit for interpretation of 

information that is otherwise unattainable (Eckmann 1987). 

As a simple example show sections of recurrence plots based on classic Dr.  Seuss 

books1.  Figure 1 represents the first 18 words of Green Eggs and Ham while Figure 2 is the first 

19 words of Oh, the Places You’ll Go (Seuss 1960; Seuss 1990).  Each unique word is given a 

numerical code.  For example, the word Sam is given the value of 34. (This was Sam was the 

34th word in a list of all unique words for this book.  The numerical value of 34 does not hold 

any value other than a numerical code for the word Sam.)  It is clear from a quick glance at the 

plots, that Green Eggs and Ham has more recurrence than Oh, the Place You’ll Go, as there are 

more black boxes.  This is supported by the fact that Green Eggs and Ham has only 50 unique 

words while Oh, the Places You’ll Go has 344 unique words (Seuss 1960; Seuss 1990). 

Each RP has a main diagonal line from the top left corner to the bottom right corner, as 

the same sequence is used on the x and y axes.  The plot is symmetric about this diagonal.  

Single points are called recurrent points.  When the data points (such as the words in the books) 

occur at both time x and time y for several points in a row diagonal lines is present.  A diagonal 

line is essentially a string of recurrent points.  For example, the phrase “Sam I am” repeats 

several times throughout the book Green Eggs and Ham, thus, there are several diagonal lines of 

length 3 in Figure 1.  On the other hand, there are only two diagonal lines, each of length 2, in 

Figure 2 as “You’re off” is the only repetitive phrase.  This is a simple example.   

The length of the diagonal lines is the time span of recurrent events.  A deterministic 

system has longer diagonal lines while a stochastic or heavily fluctuating system has shorter 

diagonals.  The RPs are analyzed using recurrence quantification analysis.   

 

                                                

 

1 Dr. Jamie Gorman presented the use of Dr. Seuss’ Green Eggs and Ham as an example during a 

presentation in the summer of 2012, so I am thankful to him for this example. 
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Figure 1: Example of a Recurrence Plots - Green Eggs and Ham  
(Seuss, 1960) 

 

Figure 2: Example of a Recurrence Plot - Oh, the Places You'll Go  
(Seuss, 1990) 

Recurrence Quantification Analysis 

The underlying mathematics of recurrence quantification analysis (RQA) is based in 

pattern analysis and information theory.  RQA is based on the formations of diagonal, horizontal, 

and vertical lines found in the RPs (Thiel et al 2001).  RQA has been used in many fields, such 

as medical, environmental, oil and gas, financial, and music to study such concepts:  

 newborn spontaneous movements (Aßmann et al 2006) 

 features of swallowing and breath sounds (Aboofazeli and Moussavi 2008) 

 heart rate variability (Acharya et al 2006) 

 tree frogs’ calling behavior (Aihara et al 2007) 

22 2 34 22 2 34 34 22 2 39 34 22 2 39 34 22 2 22

I 22 22 0 0 22 0 0 0 22 0 0 0 22 0 0 0 22 0 22

am 2 0 2 0 0 2 0 0 0 2 0 0 0 2 0 0 0 2 0

Sam 34 0 0 34 0 0 34 34 0 0 0 34 0 0 0 34 0 0 0

I 22 22 0 0 22 0 0 0 22 0 0 0 22 0 0 0 22 0 22

am 2 0 2 0 0 2 0 0 0 2 0 0 0 2 0 0 0 2 0

Sam 34 0 0 34 0 0 34 34 0 0 0 34 0 0 0 34 0 0 0

Sam 34 0 0 34 0 0 34 34 0 0 0 34 0 0 0 34 0 0 0

I 22 22 0 0 22 0 0 0 22 0 0 0 22 0 0 0 22 0 22

am 2 0 2 0 0 2 0 0 0 2 0 0 0 2 0 0 0 2 0

That 39 0 0 0 0 0 0 0 0 0 39 0 0 0 39 0 0 0 0

Sam 34 0 0 34 0 0 34 34 0 0 0 34 0 0 0 34 0 0 0

I 22 22 0 0 22 0 0 0 22 0 0 0 22 0 0 0 22 0 22

am 2 0 2 0 0 2 0 0 0 2 0 0 0 2 0 0 0 2 0

That 39 0 0 0 0 0 0 0 0 0 39 0 0 0 39 0 0 0 0

Sam 34 0 0 34 0 0 34 34 0 0 0 34 0 0 0 34 0 0 0

I 22 22 0 0 22 0 0 0 22 0 0 0 22 0 0 0 22 0 22

am 2 0 2 0 0 2 0 0 0 2 0 0 0 2 0 0 0 2 0

I 22 22 0 0 22 0 0 0 22 0 0 0 22 0 0 0 22 0 22

193 281 215 341 113 65 292 141 342 72 343 192 291 115 215 343 192 17 26

Oh 193 193 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

the 281 0 281 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Places 215 0 0 215 0 0 0 0 0 0 0 0 0 0 0 215 0 0 0 0

You'll 341 0 0 0 341 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Go 113 0 0 0 0 113 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Congratulations65 0 0 0 0 0 65 0 0 0 0 0 0 0 0 0 0 0 0 0

Today 292 0 0 0 0 0 0 292 0 0 0 0 0 0 0 0 0 0 0 0

is 141 0 0 0 0 0 0 0 141 0 0 0 0 0 0 0 0 0 0 0

your 342 0 0 0 0 0 0 0 0 342 0 0 0 0 0 0 0 0 0 0

day 72 0 0 0 0 0 0 0 0 0 72 0 0 0 0 0 0 0 0 0

You're 343 0 0 0 0 0 0 0 0 0 0 343 0 0 0 0 343 0 0 0

off 192 0 0 0 0 0 0 0 0 0 0 0 192 0 0 0 0 192 0 0

to 291 0 0 0 0 0 0 0 0 0 0 0 0 291 0 0 0 0 0 0

Great 115 0 0 0 0 0 0 0 0 0 0 0 0 0 115 0 0 0 0 0

Places 215 0 0 215 0 0 0 0 0 0 0 0 0 0 0 215 0 0 0 0

You're 343 0 0 0 0 0 0 0 0 0 0 343 0 0 0 0 343 0 0 0

off 192 0 0 0 0 0 0 0 0 0 0 0 192 0 0 0 0 192 0 0

and 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17 0

away 26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 26
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 tree seed production (Allen 2012) 

 crocodile mating sounds (Benko and Perc 2009) 

 crude oil market (Barkoulas, Chakraborty, and Ouandlous 2012) 

 power generation gas turbine health (Bassily and Wagner 2008) 

 Kuwait exchange rate (Alsaleh 2002) 

 global stock market (Bastos and Caiado 2011) 

 structural similarity (Bello 2011) 

 access to digital music (Bello and Underwood 2012) 

 group dynamics (Knight, Kennedy, and McComb 2016) 

Of particular interest for this dissertation, however, are studies completed on 

communication.  In the recent years RQA has become a more widely used analytic method of 

studying temporal patterns that might exist in human discourse, particularly at the lexical (letters, 

words, phrases) and syntactic (verb, noun, etc.) levels.  It has been used to study human speech 

and texts (Orsucci et al 2008) and to explore conversation patterns between caregivers and 

children (Dale and Spivey 2006), as well as to look for differences between the speech of a 

schizophrenic patient and an academic (Webber and Zbilut 2005).  RQA was also used to 

investigate properties of vowels in an analysis of emotions in speech (Lombardi, Guccione, and 

Guaragnella 2016).  Several studies have used RQA to analyze team communication taken in 

turns.  It was found that communication patterns change when team members change and when 

the time between team activities varies (Gorman et al 2006, 2011a, 2011b).  Another study 

replicated and extended the work to explore how communication changes when teams are faced 

with training and task constraints (Russell et al 2012). 

The metrics of RQA include percent recurrence, percent determinism, longest diagonal 

line, divergence, average diagonal length, entropy, laminarity, trapping time, longest vertical 

line, and ratio of determinism and percent recurrence.  Due to the application to communication 

patterns, previous researchers have used only the metrics of percent recurrence, percent 

determinism, pattern information, and sample entropy to compare communication patterns 

between teams (Gorman et al 2011a; Russell et al 2012; Strang et al 2012).  A select few of the 

metrics are used in this dissertation, so only those are described in detail.  Note that for all the 

metrics described the main diagonal is not included in the calculations and they are computed 
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based on the recurrent points in only one triangular half of the recurrence plot (since the plot is 

symmetric about the main diagonal).   

Percent Recurrence 

Percent recurrence (RR) is the “number of recurrent points in the plot expressed as a 

percent of the number of possible recurrent points”  (Riley, Balasubramaniam, and Turvey 1999, 

68).  RR is calculated by: 

 
𝑅𝑅 =  

# 𝑜𝑓 𝑟𝑒𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑝𝑜𝑖𝑛𝑡𝑠

𝑡𝑜𝑡𝑎𝑙 # 𝑜𝑓 𝑟𝑒𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑝𝑜𝑖𝑛𝑡𝑠
 × 100 Equation 1  

 

Recall that recurrent points are present at (i, j) whenever x(j) is sufficiently close to x(i).  

For the standard recurrent plots in this dissertation, “sufficiently close” means “exactly.”  RR is a 

measure to which the recurrence plot is covered by recurrent points (Riley, Balasubramaniam, 

and Turvey 1999, 68). 

Percent Determinism 

Percent determinism, also referred to as communication determinism, is the percentage of 

points forming diagonals to all recurrent points (Riley, Balasubramaniam, and Turvey 1999, 68). 

DET is calculated by: 

DET ranges from zero to 100 percent, with a completely deterministic sequence having a 

DET of 100% and a random sequence having a lower DET.  A random sequence with three 

available codes (mutually exclusive data points) would have determinism of 50%.  The addition 

of codes decreases DET (Gorman 2011a).  A rare completely deterministic system can occur for 

a rigidly structured team task.  In these cases, variations from fixed interaction procedure may be 

harmful.  It is difficult to imagine a team task in which a completely random sequence would be 

ideal.  Team communications, in particular turn-taking patterns, have characteristics of both 

deterministic and random.  Gorman et al (2011a) finds that to remain flexible and adaptive teams 

should maintain a balance between deterministic and random.  For example, DET of a three-

person team communication sequence should be approximately 60%, four-person should be 

approximately 48%, and five-person should be 40% (Gorman 2011a). 

 
𝐷𝐸𝑇 =  

# 𝑜𝑓 𝑟𝑒𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑝𝑜𝑖𝑛𝑡𝑠 𝑓𝑜𝑟𝑚𝑖𝑛𝑔 𝑑𝑖𝑎𝑔𝑜𝑛𝑎𝑙𝑠

𝑡𝑜𝑡𝑎𝑙 # 𝑜𝑓 𝑟𝑒𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑝𝑜𝑖𝑛𝑡𝑠
 × 100 Equation 2  
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Conceptual Recurrence plots 

Recently researchers have adapted recurrence plots to allow for analysis based on 

semantic levels, the most important element of conversation, rather than at the lexical and 

syntactic levels (Leonardi 2012).  As described in the previous section comparisons to create the 

recurrence plots were solely Boolean with examples such as Sam = Sam or 1 = 1.  Conceptual 

recurrence plots take traditional recurrence plots one-step further.   

A conceptual recurrence plot "highlights the recurrences of conceptual chunks in a 

discourse or a conversation” (Leonardi 2012, 177).  Consider a simple conversation between 

multiple participants.  There is no guarantee that they share a common vocabulary; they may use 

different terms to describe the same situation though different terms may have similar meanings.  

For example, the two phrases "Be back soon" and "See you later" if compared using lexical or 

syntactic recurrence methods would not indicate recurrence while the two phrases would show 

recurrence by color and shading on a conceptual recurrence plot (Angus, Smith, and Wiles 

2012a).  (See Figure 3.)  Discursis displays only the lower left triangle as the plot is reflective on 

the main diagonal.  By only showing the lower triangle, the program can complete the plot in 

less time. 

Software program: Discursis 

The software program, Discursis, has been developed to create conceptual recurrent plots.  

The program uses a conceptual similarity algorithm to compute the semantic "distance" of every 

word with the others.  The recurrence plot technique is then applied with additional graphical 

properties (colors and shading) (Angus, Smith, and Wiles 2012a).  An analysis of conversation 

transcripts from the long running Australian television series, Enough Rope, was analyzed using 

the conceptual plots created through Discursis.  The software has also been used to study the 

temporal dynamics of communication between teachers and students finding that there are 

unique patterns of dialogue, changing by teaching style, student prior knowledge, and 

performance (Salamanca et al 2012).   
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Figure 3: The conceptual recurrence visualization system  
(Angus, Smith, and Wiles 2012a)  

Plots and data from Discursis were used to analyze doctor-patient consultations for 

effectiveness, specifically task focus and rapport building.  The study found that Discursis 

"uncovered specific visual patterns of interaction that may explain why patients felt constrained 

by time or that the doctor had not understood their needs” (Angus 2012, 11).  The researchers 

visually distinguished between doctors who did not balance task focus and rapport using the 

conceptual recurrence plots through key features, such as a large section of single color 

recurrence (Angus 2012). 

Features of conceptual recurrence plots 

Conceptual recurrence plots, like recurrence plots previously described, are N by N 

matrices where N, in this case, represents the number of lines (turns by each speaker) in the text.  

As shown in Figure 4 the main diagonal blocks represent each line are colored by speaker and 

are proportionally sized.  The blocks in the lower triangle represent the conceptual similarity 
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(recurrence) between the vertical and horizontal adjacent lines, with the boldest color 

representing conceptually identical turns and white representing elements with no recurrence  

(Angus, Smith, and Wiles 2012). 

 

 

Figure 4: Features of conceptual recurrence plots  
(Angus, Smith, and Wiles 2012) 

 

Visual inspection of the conceptual plots may reveal several key features.  First, 

horizontal, and/or vertical lines may be present in the plot.  A horizontal line appears when a 

concept within a line has conceptual similarity to several other concepts backward in time.  A 

vertical line appears for conceptual similarity forward in time.  A line that is connected to both 

vertical and horizontal lines represents a statement that contributed to the main body of the 

conversation.  A line that is shaded more horizontally may be a closing or summarizing 

statement and a line that is shaded more vertically may be an opening or framing statement 

(Angus, Smith, and Wiles 2012). 

Second, bands of white space imply that a line has very limited or no conceptual 

similarity to all other lines.  This could be that no other concepts occur in the conversation or that 

the line is too short to be conceptually connected.  Third, downward diagonals are also apparent 

in conceptual recurrence plots.  As in previously described recurrence plots, the downward 

diagonals signal repeated patterns distributed through time.  Engagement blocks, sections of 

connected recurrences (dark shading) adjacent to the main diagonal, are inspected.  Engagement 
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blocks, as the name preludes, signals strong engagement around a particular set of concepts 

(Angus, Smith, and Wiles 2012). 

Fourth, as in recurrence plots, there are single recurrent points in conceptual recurrence 

plots as well.  These points are referred to as random scattering.  Although difficult to spot in 

conceptual recurrence plots they can often be observed surrounded by white space.  These points 

are most likely due to chance conceptual overlap, rather than direct engagement (Angus, Smith, 

and Wiles 2012). 

Lastly, conceptual recurrence plots may have non-uniform texture outward from the main 

diagonal.  That is, the horizontal and vertical lines decrease in intensity from dark shading to 

light.  This indicates that the concepts are most likely to be conceptually similar during a short 

period.  As the conversation progresses on, the concepts are likely to change, thus the shading 

slowly diminishes (Angus, Smith, and Wiles 2012). 

Multi-participant Recurrence Metrics 

Angus and researchers have established a set of metrics specifically for analyzing multi-

participant conceptual recurrence plots, which stemmed from metrics established for recurrence 

plots.  These metrics are “designed to quantify topic usage patterns in human communication 

data.”  Twelve primitives are established through all possible combinations of three dimensions 

(timescale, direction, and type).  Each primitive is the sum of the conceptual recurrences values 

relative to a specific line based on the defined dimensions (Angus, Smith, and Wiles 2012b). 

The dimension timescale has three options, short (tshort), medium (tmed), or long (tlong), 

with short being only a few lines and long representing the entire conversation.  The timescale 

dimension is assigned for each study.  The direction dimension has two options, forward or 

backward, and refers to which direction the recurrence values are summed.  In forward the lines 

forward in time are considered and with backward the lines backward in time are considered.  

The last dimension, type, has two options: self and other.  For self, only the recurrence values for 

lines spoken by the same participant are summed.  For other, only the recurrence values for lines 

spoken by other participants are summed (Angus, Smith, and Wiles 2012b). 

The combinations of the dimensions form the 12 primitives.  The names, abbreviations, 

supporting equations, and visual depictions of each are given in Table 4 where S represents the 

relevant recurrence values (or similarity) and t represents time.  The white stars represent the line 
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for which the primitive is being calculated for and the black stars presents the recurrence 

elements included in the calculation (Angus, Smith, and Wiles 2012b). 

The 12 primitives are combined to generate eight metrics.  Additionally, the metrics use 

the normalization of each primitive, meaning each primitive is scaled to [0, 1].  Normalization is 

indicated by a prime symbol.  Specific topic usage throughout the conversation (or data set) is 

quantified through the metrics.  Note that additional metrics are possible through a variety of 

mathematical combinations, but these specific metrics are specifically discussed in the literature 

(Angus, Smith, and Wiles 2012b). 

The dimension of timescale is used to partition the metrics into three categories with the 

first being short time scale.  The only metric in this category defined in the literature, Immediate 

Topic Repetition (ITR), at time t is simply the normalization of SBO (short, backward, other).  

This metric quantifies short-term topic usage by calculating the level at which a person repeats 

topics from another speaker within the short time frame (Angus, Smith, and Wiles 2012b).  ITR 

is also known as accommodation and is calculated by:  

 

 

The next category, medium timescale, quantifies patterns of concept (or topic) use over 

intermediate time periods.  Specifically patterns of leadership, consistency, and repetition are 

evaluated.  Furthermore, the span of shared attention to a topic by the speakers is studied.  The 

literature focuses on defining the medium time frame to a specific value, but the metrics could 

also be calculated based on when the recurrence values drop below a threshold (Angus, Smith, 

and Wiles 2012b). 

This category has four metrics, Topic Introduction (TI), Topic Reiteration (TR), Topic 

Consistency Other (TCO), and Topic Consistency Self (TCS).  TI – also known as leadership – 

can be used to distinguish between when a topic is first mentioned and when it is subsequently 

mentioned.  This provides a measurement for the level of which a speaker introduces new topics 

that are repeated.  TR, or followership, focuses on previously mentioned topics, specifically 

those that recur in immediately previous utterance by another speaker.  A high TR score would 

indicate that an utterance contains topics raised by others in the immediately previous utterance 

and earlier utterances.  TCO quantifies the intensity at which the current utterance contains 

Accommodation ITR(t) = SBO'(t) Equation 3  
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topics mentioned by other people (both forward and backward).  This measures how on-topic the 

current utterance is based on the surrounding conversation and is referred to as engagement.  

TCS calculates how much a speaker repeats their own concepts and thus is called fixation 

(Angus, Smith, and Wiles 2012b).  The medium time metrics are calculated by: 

 

 

The metrics in the third category based on the long timescale measure patterns of topic 

use over the entire data set.  In particular, introduction and reuses of topics, even after topic 

changes, are studied.  The metrics are Long-term Topic Novelty (LTN), Long-term Topic 

Consistency Other (LTCO), and Long-term Topic Consistency Self (LTCS).  These are also 

known as influence, conformity, and repetition, respectively.   

LTN (influence) quantifies to what level the concept in the utterance is novel.  That is, it 

measures to what degree are concepts that have not been previously mentioned used forward in 

time.  The less novel the concept is, the higher the LTN.  LTCO (conformity) is similar to the 

TCO metric, but rather than only taking into consideration a medium time frame, LTCO takes 

into account the entire conversation.  The higher the LTCO value, the more the speaker refers to 

topics mentioned by other speakers.  A lower LTCO indicates a concept unique to that utterance.  

Just as LTCO extends the TCO metric, LTCS (repetition) extends the TCS metric to the full data 

set.  LTCS measures the extent to which a person repeats his or her own concepts in the long 

term (Angus, Smith, and Wiles 2012b).  Long-term timescale metrics are calculated by: 

 

Table 4: Multi-participant recurrence primitives  
(Angus, Smith, and Wiles 2012b) 

Leadership TI(t) = MFO'(t) x (1 – SBO'(t)) Equation 4  

Followership TR(t) =MBO'(t) x SBO'(t) Equation 5  

Engagement TCO(t) =MBO'(t) + MFO'(t) Equation 6  

Fixation TCS(t) =MBS'(t) + MFS'(t) Equation 7  

Influence LTN(t) = LFO'(t) – LBO'(t) Equation 8  

Conformity LTCO(t) =LFO'(t) + LBO'(t) Equation 9  

Repetition LTCS(t) = LFS'(t) + LBS'(t) Equation 10  
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The set of these metrics can be used to analyze multi-participant conceptual recurrence 

plots.  They are designed to quantify topic usage patterns though the use of twelve primitives.  

Each primitive is the sum of the conceptual recurrences values relative to a specific line based on 

the defined dimensions (Angus, Smith, and Wiles 2012b).  The metrics can be calculated at a 

particular moment or for the entire plot.  Furthermore, the metrics can be averaged to provide a 

value for all the participants overall.   
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Chapter III: Methods 

This chapter details the exploratory research methods for the simulation study design to 

investigate temporal communication patterns of surgical team members in a simulated lab.  The 

recurrence plots, recurrence quantification analysis, conceptual recurrence plots, multi-

participant recurrence metrics, and principles of high reliability organizations (HRO) to analyze 

the communication patterns are also discussed.  Furthermore, the recurrence and conceptual 

recurrence metrics exhibited in surgical team communication based on high reliability 

organization concepts are presented. 

Motivation 

Healthcare organizations are aware that reliability within their field is lacking.  However, 

by studying and applying principles and concepts from HROs reliability can increase, as shown 

in the literature (Provonost et al 2006).  On the other hand, studies have also shown that 

communication is poor, especially within the operating room (OR) (Olden and McCaughrin 

2007; Greenberg et al 2006; Makary et al 2006).  Therefore, this provides a clear motivation and 

place for HRO principles to be applied.  Communication in the OR, although vitally important, 

has yet to have a measurement tool established.  Additionally, although recurrence analysis has 

been used in the medical field, such as on newborn spontaneous movements (Aßmann et al 2006) 

and heart rate variability (Acharya et al 2006), a study using recurrence analysis on 

communication of healthcare teams was not found in the literature.  This dissertation research 

addresses these gaps by conducting an exploratory study on HRO principles in healthcare 

communication analyzed through recurrence quantification analysis.  Specifically, this research 

aims to establish a set of HRO principles and recurrence metrics associated with the performance 

of surgical teams based on their communication patterns, where performance is defined by the 

time for the team to detect or to resolve to an unexpected complication.   

General Hypotheses 

Six general hypotheses were developed to explore the relationship between 

communication metrics and the time for the surgical teams to detect or to resolve a complication 

in a simulated surgical scenario.  Three hypotheses rely on the metrics calculated from the coded 

communications based on the HRO principles.  The other three hypotheses were found through 

conceptual recurrence plots and the software of Discursis.  (See Table 5.) 
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First, we hypothesized that surgical teams which exhibit temporal communications 

patterns demonstrating sensitivity to operations would detect surgical complications in less time.  

Recall that sensitivity to operations is one of the HRO principles within the category of 

anticipation.  This principle focuses on the events leading up to a complication and the awareness 

that accidents are not the result of a single event or error.  This is shown through communication 

events of exchanging information, acknowledging receipt, confirming correcting understanding, 

and alerting other team members to a latent error.   

Second, we hypothesized that surgical teams which exhibit temporal patterns of 

communication demonstrating commitment to resilience would resolve surgical complications in 

less time.  Recall that commitment to resilience is one of the three HRO principles of 

containment.  Once the complication has occurred, the team must use the commitment or 

resilience to identify, resolve, and recover from it.  This is shown in communication events by 

giving, seeking, and receiving task instructive feedback, as well as providing constructive 

feedback and sharing knowledge pertaining to individuals’ roles.   

 Third, we hypothesized that surgical teams which exhibit temporal patterns of 

communication demonstrating deference to expertise would resolve surgical complications in 

less time.  This is similar to the previous hypothesis, as deference to expertise is also a HRO 

principle of containment.  This principle focuses on encouraging communication from all levels 

through sharing ideas, observations, and opinions, addressing ambiguities, and offering 

solutions. 
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Table 5: General Hypotheses 

 General Hypothesis Simulations Plots 

1 Surgical teams to detect surgical complications in 

less time when they exhibit temporal patterns of 

communications demonstrating sensitivity to 
operations. 

1 and 4 

Recurrence Plots and 
Recurrence 

Quantification Analysis 

(RQA) 

2 Surgical teams to resolve surgical complications in 

less time that exhibit temporal patterns of 

communication demonstrating commitment to 
resilience. 

2 and 3 

3 Surgical teams to resolve surgical complications in 

less time that exhibit temporal patterns of 

communication demonstrating deference to expertise. 

2 and 3 

4 Surgical teams that exhibit patterns of 

communications demonstrating the metric of 

accommodation will detect surgical 

complications in less time. 

1 and 4 

Conceptual Recurrence 

Plots and Multi-

participant Recurrence 
Metrics (Discursis) 

5 Surgical teams that exhibit temporal patterns of 

communication demonstrating the metric of 

engagement will resolve surgical complications 

in less time. 

2 and 3 

6 Surgical teams that exhibit temporal patterns of 

communication demonstrating the metric of 

leadership will resolve surgical complications in 

less time. 

2 and 3 

 

Fourth, we hypothesized surgical teams would exhibit patterns of communications 

demonstrating the metric of accommodation will detect surgical complications in less time.  This 

is our first hypothesis from the multi-participant metrics from conceptual recurrence plots.  The 

metric of accommodation measures the degree of how well the current utterance engages with 

concepts suggested by other speakers.  It is also referred to immediate topic repetition, so we 

expect that teams with greater levels of this repetition will detect complication in less time.  This 

will be further discussed when we provide the specific hypotheses.  

Fifth, we hypothesized that surgical teams that exhibit temporal patterns of 

communication demonstrating the metric of engagement resolve surgical complications in less 

time.  The metric of engagement is a measure of the degree of how well the current utterance 

engages with concepts suggested by other speakers.  It is also referred to as topic consistency 

other.  We expect that when teams exhibit engagement through on-topic communication with 

others, then they will resolve the complications in less time.  Again, this will be further discussed 

when we provide the specific hypotheses. 
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Sixth, we hypothesized that surgical teams that exhibit temporal patterns of 

communication demonstrating the metric of leadership resolve surgical complications in less 

time.  The metric of leadership is a measure of degree to which a speaking person expressed a 

new concept that was subsequently repeated by one or more other persons.  It is also referred to 

as topic introduction.  We expect that when team members have a higher level of introducing 

new topics, then they will resolve the complications in less time.  Again, this will be further 

discussed when we provide the specific hypotheses. 

Simulation Lab Study 

Simulated surgical scenarios were established to explore the set of HRO principles and 

recurrence metrics that are significant in predicting the performance of surgical teams based on 

their communication patterns.  Specifically, a simulation lab study was conducted at the F. Marie 

Hall SimLife Center at Texas Tech University Health Science Center (TTUHSC) in Lubbock, 

Texas.  The 25,000 square foot center allows learners to experience multiple realistic healthcare 

environments where students and professionals can acquire the skills necessary to provide safe, 

quality patient care.  SimLife features simulators, standardized patients, authentic medical 

equipment, and supplies to simulate multiple realistic experiences (Texas 2016).  (See Figure 9, 

Figure 10, and Figure 11 in Appendix.) 

Through the simulations of surgical procedures, we evaluated both parts of high 

reliability organization principles, containment and anticipation, and assessed the surgical teams 

in both normal operating conditions and in conditions with an unexpected event.  We explored 

how communication changed and then returned to normal, as well as studied the differences 

between surgical teams.   

In all, there were 20 unique surgical simulations.  That is, no member of each team had 

previously completed these particular simulations before.  Each team had four main members: 

anesthesiologist (or anesthetist), a surgical technician, a surgical resident, and a registered nurse 

(RN).  The patient also spoke occasionally (as played by the simulation expert).  A survey was 

conducted to collected information on the experience level.  However, it was not explored in 

detail for this study.  As the team members came from the same department, they did have some 

experience working together.  This allowed for a more realistic environment and the data was 

more on course with data that would have been collected in an operating room, rather than a 

simulated operating room. The experimental design was discussed and confirmed with many 
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medical professionals at Texas Tech University Health Sciences Center.  In particular, John 

Griswold, MD, Dr Sharmila Dissanaike, M.D., FACS, Chris McClanahan, MSN, RN, CEN, and 

Suzanne Escudier, MD were involved in the design process.  

During the procedures, three cameras recorded the operating room from the time the 

surgical technicians and RN entered the room to prepare it for the procedure until the procedure 

was completed or until ended by the simulation staff.  The vital signs for the simulated dummy 

were also recorded.  Each team completed four surgical simulations.  Chris McClanahan, 

Coordinator of the SimLife Center, assisted in the creation of the simulations.  He worked 

closely with medical doctors and anesthesiologists to ensure the simulations were as accurate as 

possible.  The first case for each team was a surgical case with normal operating conditions.  In 

other words, this was a basic surgery with no complications.  (We will refer to this simulation as 

the “normal” simulation and scenario.)  During each of other three procedures a shock, or 

unexpected event, occurred during the procedure.  The team members were not aware that this 

would occur.   

The shock was obvious during Simulations 2 and 3.  That is, it was quickly clear that the 

patient was in trouble.  For Simulation 2 the patient became tachycardia (heart rate that exceeds 

the normal range) with intermittent runs of a specific type of rapid heart rhythm called 

supraventricular tachycardia (SVT).  The runs of SVT coincided with use of the bovie.  The SVT 

was masked by the artifact created by the bovie.  Although the SVT was obvious, the teams had 

to determine the cause of the SVT and decide how to approach in order to resolve the 

complication.  Therefore, the resolution for simulation 2 is considered obscure.   

Simulation 3 also presented an obvious complication to the teams.  The patient began to 

have bronchial spasms and the vocal chords were shut, preventing intubation.  This required a 

surgical Cricothyroidotomy for an emergent airway.  During Simulation 4, the surgical resident 

or CRNA is placing a subclavian central line for antibiotic therapy prior to performing the 

simulated surgery.  The central line, however, causes a pneumothorax (collapsed lung) requiring 

chest tube insertion.  This is not immediately obvious, so this will be referred to as a hidden 

complication.  Once the team determines what has happened a chest tube had to be inserted 

between the ribs to inflate the lung.  (See Table 6 for a summary of the simulation scenarios.)  

Simulation 1 was used to establish baseline measures.  Simulations 2 and 3 were used to test 

General Hypotheses 2 and 3.  Simulation 4 was used to test general hypothesis 1.   
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Since the communication was highly dependent on the shock that occurred during the 

procedure, the team members did not complete the simulations more than once and signed a 

confidentiality agreement (not to disclose to other employees).  The requirements of the teams 

will be discussed further in the next section. 

Table 6: Summary of Simulation Scenarios 

Simulation Explanation Complication Resolution 

1 - Normal No complications were presented to the 

teams. 

None None 

2 - SVT when bovie used Each time the bovie was used to 
cauterize the bleeders, the patient's heart 

rate increased (called SVT).   

 

The teams had to determine the cause of 
the SVT and decide how to approach the 

complication.   

Obvious Obscure 

3 – Cricothyroidotomy The patient's vocal chords were shut, 

preventing the patient from being 
intubated.   

 

The patient’s neck was cut to expose the 
trachea and allow breath into the lungs.  

This is called a cricothyroidotomy (cric).   

Obvious Obvious 

4 – Pneumothorax When the teams were inserting the 

central line, the lung was punctured.   
 

A chest tube had to be inserted between 

the ribs to inflate the lung.   

Hidden Obvious 

Constructions of Teams 

Upon approval by the TTUHSC Institution Review Board, construction of the teams 

began.  As previously mentioned the team members often had history or working together as 

they came from the same department of the same hospital.  Each individual signed up for a 2- 

hour time slot that fit into his or her personal availability and each participate was compensated 

for their time.  There were inclusion/exclusion criteria based on the experience of the individuals.  

As determined by the medical professionals at TTHSC and Sim Life Center.  Those who were 

eligible to participate included: anesthesiologist residents or CRNAs with at least 2 years training 

and/or experience; the scrub techs with at least six months of experience in surgery; circulating 

nurses with at least six months of experience in surgery; and surgical residents with at least two 

years of training and/or experience.  Those without these requirements and those who did not 

have availability during a simulation time were excluded. 
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An e-mail was sent to ask for participants.  The source of e-mail addresses was the 

hospital’s Department of Surgery to target anesthesiologist residents, CRNAs, surgical residents, 

scrub techs, and circulating nurses.  The e-mail was sent weekly until the number of participants 

needed had been reached.  The e-mail included information about the study, including the 

inclusion/exclusion criteria, and times of the simulations.   

None of the team members had HRO training and the only awareness that the experiment 

would involve relating the HRO principles to the surgical teams’ communication patterns was 

provided in the consent form.  The team members also signed a confidentiality agreement not to 

disclose details regarding the experiment to others. A repeated measures design was conducted.  

During the simulations, each team received the simulations in the same order.  The order of 

simulations was not randomized within subject; hence, any potential learning effect would be the 

same for each team thereby neutralizing such effect in correlating their timed performance to the 

RQA metrics.  (See Table 7.)  After the experiment, the teams were debriefed.  (The debriefing is 

not a focus of this research.) 

Table 7: Repeated Measures Design 

Time Team 1 Team 2 Team 3 Team 4 Team 5 

10 min Brief 

 

Brief 

 

Brief 

 

Brief  

 

Brief  

 

20 min Simulation 1 

 

Simulation 1  

 

Simulation 1 

 

Simulation 1 

 

Simulation 1  

 

5 min Break 

 

Break 

 

Break 

 

Break 

 

Break  

 

20 min Simulation 2 

 

Simulation 2 

 

Simulation 2  

 

Simulation 2  

 

Simulation 2  

 

5 min Break 

 

Break 

 

Break 

 

Brea 

 

Break  

 

20 min Simulation 3 

 

Simulation 3 

 

Simulation 3 

 

Simulation 3  

 

Simulation 3  

 

5 min Break 

 

Break 

 

Break  

 

Break 

 

Break  

 

20 min Simulation 4 

 

Simulation 4 

 

Simulation 4  

 

Simulation 4  

 

Simulation 4  

 

15 min Debrief  Debrief  Debrief  Debrief  Debrief 
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Transcription and Coding 

After the simulations were completed, video recordings were transcribed by three 

researchers.  This was necessary for all hypotheses.  Each time a surgical team member verbally 

communicated in the video, it was recorded.  Specifically, it was documented who spoke and the 

context of the utterance according to the high reliability organization (HRO) principles.  That is, 

once the transcription was complete, the three researchers coded communication events with 

specific codes based on the speaker of each utterance and the healthcare application of three of 

the five HRO principles (Wilson et al 2005; Weick and Sutcliffe 2007).  The coding was fully 

crossed as each coder coded all four simulations.  The HRO coding was necessary for General 

Hypotheses 1, 2, and 3.  (For General Hypotheses 4, 5, and 6 only the transcription, including 

who spoke, was needed.) 

First, each speaker was given a specific code: code 1 for certified registered nurse 

anesthetist (CRNA), code 2 for surgical resident, code 3 for scrub tech, code 4 for the registered 

nurse, and code 5 for the patient.  (See Table 8.) 

Table 8: Codes for Speaker (job function) 

Code Speaker (job function) 

1 CRNA 

2 Surgical Resident 

3 Scrub Tech 

4 Nurse 

5 Patient 

 

We let 

𝑘1
𝑡 = speaker (job function) at the tth utterance  𝑘1

𝑡  {1, 2, 3, 4} 

where t represents time in the simulated scenario.   

Second, each utterance was also coded based on the HRO model.  Due to more 

applications to communication patterns, the Weick and Sutcliffe model was chosen over HRO 

models.  The three HRO principles codes were sensitivity to operations, commitment to 

resilience, and deference to expertise, and were chosen for their likelihood to be present in the 

simulations and for the fact that they rely heavily on communication.  During the coding process, 

the videos were referred to, if necessary, if there was uncertainty during the coding (Wilson 

2005). 
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Table 9: Summary of HRO codes 

HRO concept Code Communication Event Example 

None 0 Not indicative of an HRO 

principle below 

 

Sensitivity to 

Operations 

1 Exchanges info I am giving 5 cc’s of saline. 

Acknowledges receipt Ok.  Got it. 

Confirms correct understanding That is 5 cc’s of saline. 

Alerts member to latent error Are you sure you want to 
administer 5 cc’s instead of 10? 

Commitment to 

Resilience 

2 Gives task instructive feedback 

(offers help) 

Would you like me to start the 

antibiotics for you? 

Seeks task instructive feedback 
(asks for help) 

Can you give the antibiotics for 
me? 

Receives task instructive 

feedback (accepts help) 

Oh, I forgot.  Thank you.   

Provides timely (immediate) 

constructive feedback 

Lay the cauterizer here so I can 

easily reach it.   

Shares knowledge pertaining to 

individuals’ roles 

Doctor, did you remember to ____? 

Deference to 

expertise 

3 Communicates 

ideas/observations  

The patient is coding. 

States opinion I do not agree with this treatment. 

Addresses ambiguity Do we need 4/0 or 5/0 suture kits?  

The request sheet is not clear. 

Offers solution We should _____. 

 

Events where a team member exchanged information, acknowledged receipt, confirmed 

correct understanding, or alerted a member to latent error was coded as sensitivity to operations 

(code 1).  The code of commitment to resilience (code of 2) was used for events in which a team 

member gave task instructive feedback (offers help), sought task instructive feedback (asks for 

help), received task instructive feedback (accepts help), provided timely (immediate) 

constructive feedback, and shared knowledge pertaining to other team members' roles.  The code 

of deference to expertise (code 3) was used for events in which a team member persuasively 

communicated ideas/observations, stated opinion, addressed ambiguity, and offered a solution to 

problem.  If a communication was not indicative of one of the three principles, then it was coded 

with a zero.  (See Table 9 for a summary of the codes.)  
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We let 

𝑘2
𝑡= HRO principle of tth utterance   𝑘2

𝑡   {0, 1, 2, 3} 

where, again, t represents time in the simulated scenario.  For example, if the CRNA stated her 

opinion, then that would be coded with 𝑘1
𝑡

 = 1 for CRNA and 𝑘2
𝑡

 = 3 as stating an opinion is 

related to the HRO principle of deference to expertise.   

Based on our General Hypotheses 1, 2, and 3, we analyzed six subsets of coded 

transcripts.  The first subset, 𝑥𝑖𝑗
1 , was the transcript coded by both speaker (𝑘1

𝑡) and the HRO 

principle for Sensitivity to Operations (𝑘2
𝑡   = 1) for simulations (i) 1 and 4 for all five teams (j).  

For Simulation 1 the entire coding was considered; for Simulation 4 only the portion from the 

beginning of the simulation until the complication was verbalized was detected.  (This is as 

Simulation 4 was used to test General Hypothesis 1, which only investigates the surgical teams’ 

communications while detecting the complication.)  That is, for 𝑘1
𝑡   {1, 2, 3, 4}, i  {1, 4}, and 

j  {1, 2, 3, 4, 5}, we let 

 

𝑥1𝑗
1  = {{𝑘1

1 , 𝑘2
1}, {𝑘1

2 , 𝑘2
2}, {𝑘1

3 , 𝑘2
3}…  {𝑘1

𝑡 , 𝑘2
𝑡}}  for all t 

𝑥4𝑗
1  = {{𝑘1

1 , 𝑘2
1}, {𝑘1

2 , 𝑘2
2}, }, {𝑘1

3 , 𝑘2
3}…  {𝑘1

𝑡 , 𝑘2
𝑡}}  for t < t* 

 

where 

t = utterance in the simulated scenario 

t* = utterance when complication verbally detected 

The second subset, 𝑥𝑖𝑗
2 , was the transcript coded for both the speaker’s job function (𝑘1

𝑡) 

and HRO principle of Commitment to Resilience (𝑘2
𝑡  = 2) for the simulations (i) 1, 2, and 3 by 

all five teams (j).  As in the previous subset, for Simulation 1 the entire transcriptions were 

considered; Simulations 2 and 3 were considered from the time the complication was verbalized 

until the end of the complication.  That is, for 𝑘1
𝑡  {1,2,3,4}, i  {1, 2, 3}, and j  {1, 2, 3, 4, 

5}, we let: 

 

𝑥1𝑗
2   = {{𝑘1

1 , 𝑘2
1}, {𝑘1

2 , 𝑘2
2}, {𝑘1

3 , 𝑘2
3}…  {𝑘1

𝑡 , 𝑘2
𝑡}}  for all t 

𝑥2𝑗
2  = {{𝑘1

1 , 𝑘2
1}, {𝑘1

2 , 𝑘2
2}, {𝑘1

3 , 𝑘2
3}…  {𝑘1

𝑡 , 𝑘2
𝑡}}  for t > t* 
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𝑥3𝑗
2 = {{𝑘1

1 , 𝑘2
1}, {𝑘1

2 , 𝑘2
2}, {𝑘1

3 , 𝑘2
3}…  {𝑘1

𝑡 , 𝑘2
𝑡}}  for t > t* 

The third subset, 𝑥𝑖𝑗
3 ,  was the transcript coded by speaker (𝑘1

𝑡) and HRO principle of 

Deference to Expertise (𝑘2
𝑡  = 3) for the Simulations (i) 1, 2, and 3 by all five teams (j).  As in the 

previous subset, for Simulation 1 the entire transcriptions were considered; Simulations 2 and 3 

were considered from the time the complication was verbalized until the end of the complication.  

That is, for 𝑘1
𝑡    {1,2,3,4}, i  {1, 2, 3}, and j  {1, 2, 3, 4, 5}, we let: 

 

𝑥1𝑗
3  = {{𝑘1

1 , 𝑘2
1}, {𝑘1

2 , 𝑘2
2}, {𝑘1

3 , 𝑘2
3}…  {𝑘1

𝑡 , 𝑘2
𝑡}}  for all t, 𝑘1

𝑡 {1, 2, 3, 4} 

𝑥2𝑗
3  = {{𝑘1

1 , 𝑘2
1}, {𝑘1

2 , 𝑘2
2}, {𝑘1

3 , 𝑘2
3}…  {𝑘1

𝑡 , 𝑘2
𝑡}}  for t > t*, 𝑘1

𝑡  {1, 2, 3, 4} 

𝑥3𝑗
3  = {{𝑘1

1 , 𝑘2
1}, {𝑘1

2 , 𝑘2
2}, {𝑘1

3 , 𝑘2
3}…  {𝑘1

𝑡 , 𝑘2
𝑡}}  for t > t*, 𝑘1

𝑡  {1, 2, 3, 4} 

The fourth subset, 𝑥𝑖𝑗
4 , was the portion of 𝑥𝑖𝑗

1  coded for only the HRO principle of 

Sensitivity to Operations (𝑘2
𝑡  = 1) for Simulations (i) 1 and 4 by all five teams (j).  As in the 

previous subset, for Simulation 1 the entire transcriptions were considered; for Simulation 4 only 

the portion from the beginning of the simulation until the complication was considered.  That is, 

for 𝑘2
𝑡  = 2, i  {1, 2, 3}, and j  {1, 2, 3, 4, 5}, we let 

 

𝑥1𝑗
4   𝑥1𝑗

1  = {𝑘2
1, 𝑘2

2, 𝑘2
3…𝑘2

𝑡} for all t 

𝑥4𝑗
4   𝑥4𝑗

1  = {𝑘2
1, 𝑘2

2, 𝑘2
3…𝑘2

𝑡} for t < t* 

The fifth subset, 𝑥𝑖𝑗
5 , was the portion of 𝑥𝑖𝑗

2  coded for only the HRO principle of 

Commitment to Resilience (𝑘2
𝑡  = 2) for Simulations (i) 1, 2, and 3 by all five teams (j).  As in the 

previous subset, for Simulation 1 the entire transcriptions were considered; Simulations 2 and 3 

were considered from the time the complication was verbalized until the end of the complication.  

That is, for 𝑘2
𝑡  = 2, i  {1, 2, 3}, and j  {1, 2, 3, 4, 5}, we let: 

 

𝑥1𝑗
5   𝑥1𝑗

2  = {𝑘2
1, 𝑘2

2, 𝑘2
3…𝑘2

𝑡} for all t 

𝑥2𝑗
5   𝑥2𝑗

2  = {𝑘2
1, 𝑘2

2, 𝑘2
3…𝑘2

𝑡} for t < t* 

𝑥3𝑗
5   𝑥3𝑗

2  = {𝑘2
1, 𝑘2

2, 𝑘2
3…𝑘2

𝑡} for t < t* 
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The sixth subset, 𝑥𝑖𝑗
6  was the portion of 𝑥𝑖𝑗

3   coded for only the HRO principle of 

Deference to Expertise (𝑘2
𝑡  = 3) for Simulations (i) 1, 2, and 3 by all five teams (j).  As in the 

previous subset, for Simulation 1 the entire transcriptions were considered; Simulations 2 and 3 

were considered from the time the complication was verbalized until the end of the complication.  

That is, for 𝑘2
𝑡  = 3, i = {1, 2, 3}, and j  {1, 2, 3, 4, 5}, we let: 

 

𝑥1𝑗
6   𝑥1𝑗

3 = {𝑘2
1, 𝑘2

2, 𝑘2
3…𝑘2

𝑡} for all t 

𝑥2𝑗
6   𝑥2𝑗

3  = {𝑘2
1, 𝑘2

2, 𝑘2
3…𝑘2

𝑡} for t < t* 

𝑥3𝑗
6   𝑥3𝑗

3  = {𝑘2
1, 𝑘2

2, 𝑘2
3…𝑘2

𝑡} for t < t* 

Metrics Collected 

Many metrics were collected from various sources, such as the videos, the transcriptions 

of the videos, the recurrence plots, and the conceptual recurrence plots.  The metrics include the 

times to complete certain tasks, the recurrence rate (RR), the communication determinism 

(DET), accommodation (Immediate Topic Repetition), leadership (Topic Introduction), and 

engagement (Topic Consistency Other).  This section provides a brief overview of these metrics.  

(See Table 10 for a summary of the metrics collected.)  

As we have already alluded to, certain times for the team members to complete certain 

tasks were recorded.  For the complication to be considered verbally detected, a surgical team 

member had to verbalize that a problem was present.  In simulation 2, a team member had to say 

that a problem is present or state that patient is going into SVT, PAT, or elevated heart rate.  In 

Simulation 3, a team member had to verbalize that the chords were closed or that the intubation 

would not be simple.  In simulation 4, a team member had to say that a problem is present, state 

that stats declining, ask patient if he is having trouble breathing.   

The simulation was stopped when the complication was resolved.  For Simulation 2, the 

simulation ended when a team member verbalized that the SVT is caused by the bovie or the 

surgery is stopped.  For Simulation 3, simulation was completed when the cricothyrotomy was 

in, a team member started bagging, and/or when the end tidals returned.  For Simulation 4, the 
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simulation ended when the chest tube was verbalized to be in and/or that the vitals have returned 

to normal.  (See Table 11 for a summary of the verbalizations for each phase.) 

 

Table 10: Summary of Metrics 

Metric Source Definition 

Time Simulation videos The time for the teams to detect or and 

resolve to the complications 

Recurrence Rate 

(RR) 

Recurrence plots – 

Recurrence Quantification 

Analysis 

RR is a measure to which the recurrence plot 

is covered by recurrent points given as a 

percentage of the recurrence points to all 

possible points. 

Communication 

Determinism (DET) 

Recurrence plots – 

Recurrence Quantification 

Analysis 

The randomness or repetitiveness of the 

communication given as the percentage of 

points forming diagonals to all recurrent 

points in the recurrence plots 

Accommodation Conceptual Recurrence Plots 

and Multi-participant 

Recurrence Metrics 

(Discursis) 

The degree to which a speaking person 

accommodates the immediately previous 

speaking person's utterance 

Engagement Conceptual Recurrence Plots 

and Multi-participant 

Recurrence Metrics 

(Discursis) 

The degree of how well the current utterance 

engages with concepts suggested by other 

speakers 

Leadership Conceptual Recurrence Plots 

and Multi-participant 

Recurrence Metrics 

(Discursis) 

The degree to which a speaking person 

expressed a new concept that was 

subsequently repeated by one or more other 

persons 

 

Table 11: Verbalizations for times in simulations 

Simulation Verbalize  Examples 

2 (SVT) Resolve She might crash, so I am going to stop the surgery.   

Okay, now it is just correlating with bovie.   

Got it [gall bladder], got it out. 

3 (Cric) Resolve The cric/trac is in. 

You can start bagging. 

4 (Pnuemo) Detect We are desatting 

Are you having trouble breathing? 

I hear odd puffs. 
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Based on the above, we let the response variable of time be represented by 𝑦𝑖𝑗 .  Specifically, for 

teams j  {1, 2, 3, 4, 5}, we let 

 

𝑦2𝑗= elapsed time (in seconds) between the verbalized detection and complication 

resolved for simulation 2 by team j  

 

𝑦3𝑗= elapsed time (in seconds) between the verbalized detection and complication 

resolved for simulation 3 by team j  

 

𝑦4𝑗= elapsed time (in seconds) between the start of the complication and when a 

team member verbalized detection for simulation 4 by team j 

 

The metrics of recurrence rate and communication determinism were also calculated.  To 

collect this data, recurrence plots were created for the subsets of transcriptions defined above 

(𝑥𝑖𝑗
𝑘 ).  Then, recurrence quantification analysis (RQA) was conducted to determine the metrics 

percent recurrence (RR) and percent communication determinism (DET).  Recall that RR 

provides a measure for the percentage of the recurrence plots that is made of recurrence points.  

It is calculated by taking the number of recurrence points divided by the number of possible 

recurrence points.  For transcription subset k {1, 2, 3, 4, 5, 6}, simulation i  {1, 2, 3, 4}, and 

team j {1, 2, 3, 4, 5}, we let 

 

𝑎𝑖𝑗
𝑘 = Percent Recurrence Rate of the coded communication 𝑥𝑖𝑗

𝑘  

 

Percent communication determinism provides quantification for the randomness or 

repetitiveness of the communication given as the percentage of points forming diagonals to all 

recurrent points in the recurrence plots.  For transcription subset k {1, 2, 3, 4, 5, 6}, simulation 

i  {1, 2, 3, 4}, and team j {1, 2, 3, 4, 5}, we let:  

 

𝑏𝑖𝑗
𝑘 = Percent Communication Determinism of the coded communication 𝑥𝑖𝑗

𝑘   

 

Lastly, multi-participant metrics of accommodation, leadership, and engagement were 

collected from the conceptual recurrence pots.  The transcripts were entered into the Discursis 

software and conceptual recurrence plots were generated.  From the conceptual recurrence plots, 
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the three metrics were collected.  Recall that the metric of accommodation quantifies the degree 

to which a speaking person accommodates the immediately previous speaking person's utterance.  

Leadership provides a quantification for topics first mentioned and subsequently mentioned 

within a medium time-scale.  Engagement quantifies the intensity at which the utterances contain 

topics mentioned by other people within a medium time-scale.  For team j {1, 2, 3, 4, 5}), we 

let: 

𝑐𝑖𝑗= accommodation for the transcription from ith simulation (i = 2, 3) 

𝑑𝑖𝑗 = engagement for the transcription from ith simulation (i = 2, 3) 

𝑒𝑖𝑗 = leadership for the transcription from ith simulation (i = 2, 3) 

  

These three multi-participant metrics were chosen as they were anticipated to be 

reflective of the characteristics of the three HRO principles of sensitivity to operations, 

commitment to resilience, and deference to expertise in the communications.  The first multi-

participant metric is accommodation.  Accommodation is defined as the degree to which a 

speaking person accommodates the immediately previous speaking person’s utterance.  

Accommodation is also referred to as Immediate Topic Repetition.  That is, does the utterance fit 

within the previous remarks?  The accommodation metric is anticipated to be reflective of the 

HRO principle of sensitivity to operations.  That is, we expect that when sensitivity to operations 

occurs at a greater rate, so will accommodation.  Recall that sensitivity to operations is exhibited 

by communication events of exchanging information, acknowledging receipt, confirming correct 

understanding, and alerting other members to latent errors.  Sensitivity of operations is 

recognizing that accidents are not the result of a single error.  We consider this being aware of 

the big picture.  Therefore, we would expect accommodation in other team members’ topics in 

communication to be a key part of sensitivity to operations and thus of the multi-participant 

metric of accommodation.   

The second multi-participant metric is engagement.  The definition of engagement is how 

well the current utterance engages with the concepts suggested by other speakers.  Engagement 

is also referred to as Topic Consistency Other.  That is, it is a measure of how on topic the 

communication of the speaker remains on topic with the other members of the team.  We also 

expect the HRO principle of commitment to resilience to be reflected by the multi-participant 

metric of engagement.  That is, when we see increasing of the recurrence and determinism 
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metrics for commitment to resilience, we expect increases in the metric of engagement.  

Communication events indicative of commitment to resilience include giving, seeking, and 

receiving task instructive feedback, providing timely constructive feedback, and sharing 

knowledge pertaining to individuals’ roles.  Therefore, topic consistency is a key part of 

commitment to resilience and the multi-participant metric of engagement should reflect it.   

The third multi-participant metric that we analyze in this research is leadership.  

Leadership is defined as the degree to which a speaking person expressed a new concept that was 

subsequently repeated by one or more other person.  Leadership is also referred to as Topic 

Introduction, so it is no surprise that it is a measurement of topic introduction and repetition.  We 

expect the HRO principle of deference to expertise to be reflected by the multi-participant metric 

of leadership.  We expect that teams with greater recurrence and determinism indicative of 

deference to expertise will also have greater levels of leadership.  Deference to expertise is 

shown through communication events that communicate ideas or observations, state opinions, 

address ambiguity, and offer a solution.  It can be summarized as encouraging communication 

from all levels.  Therefore, topic introduction is a key part of deference to expertise and the 

multi-participant metric of leadership should reflect it.  (See Table 12.)  

Inter-rater Reliability 

As completed in similar studies, an inter-rater reliability (IRR) analysis was performed to 

assess the degree that the coders consistently assigned high reliability organization (HRO) codes 

to the utterances in the transcripts of study.  This was a crucial part of the research as half of the 

explanatory study relies on the coding of the utterances.  A brief overview of inter-rater 

reliability, along with the discussion of the results from the IRR analysis will be presented in the 

results.   

Surrogate Analysis 

As completed in similar studies from literature, a surrogate analysis was conducted.  This 

analysis confirmed that the metric of DET was a direct result of temporal structure and not 

random occurrence.  The coding series for each team and simulation was randomly shuffled to 

create 20 distinct surrogates; any temporal structure that may have existed was removed.  DET 

for each surrogate was calculated and compared to the original DET using a sign test.  The 

original series will produce a higher DET than the surrogate series to confirm the patterns were 



Texas Tech University, Amanda Baty, May 2017 

40 

 

due to temporal structure and not due to other factors, such as scarcity of codes.  (Gorman 2011; 

Strang et al 2012)  The Results section includes more details on the surrogate analysis for this 

data.   

 

Table 12: Mapping of HRO Principles to Multi-participant Metrics 

HRO Principles Multi-participant Metric 

Principle Communication Event Definition Metric 

Sensitivity to 
Operations 

Exchanges info degree to which a 
speaking person 

accommodates the 

immediately previous 
speaking person's 

utterance 

Accommodation (cij) 

Acknowledges receipt 

Confirms correct understanding 

Alerts member to latent error 

Commitment 

to Resilience 

Gives task instructive feedback 

(offers help) 

how well the current 

utterance engages 
with concepts 

suggested by other 

speakers 

Engagement (dij) 

Seeks task instructive feedback 
(asks for help) 

Receives task instructive feedback 

(accepts help) 

Provides timely (immediate) 
constructive feedback 

Shares knowledge pertaining to 

individuals’ roles 

Deference to 

expertise 

Communicates ideas/observations  degree to which a 

speaking person 
expressed a new 

concept that was 

subsequently repeated 
by one or more other 

person 

Leadership (eij) 

States opinion 

Addresses ambiguity 

Offers solution 

 

Specific Hypotheses 

To test the six general hypotheses, specific hypotheses were developed based on expected 

correlation between the metrics and the times (𝑦𝑖𝑗) to detect or resolve the complications.  That 

is, a correlation coefficient analysis was conducted.  For each specific hypothesis, a correlation 

coefficient analysis was conducted.  The Spearman’s rank-order correlations coefficients were 

calculated for each pair of data.  (Spearman’s correlation was selected over Pearson’s, as our 

hypothesis would not rely on the strength of the linearity of the data, but rather on the strength 

and direction of the potential monotonic relationship between the two variables.  This research 

focuses on the hypotheses that the time continually decreases as the metrics increase.  The 
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relationship is not limited to linear relationships for this explanatory study.)  Spearman’s 

correlation coefficient is traditionally denoted by 𝑟𝑠 and is by design constrained as follows  

-1 < 𝑟𝑠 < 1 

For pairs data, x and y, Spearman’s correlation coefficient is calculated by 

𝑟𝑠 = 1 −  
6 ∑ 𝑑𝑖

2𝑛
𝑖=1

𝑛( 𝑛2 − 1)
 

where 𝑑𝑖  is the difference in ranks for x and y.   

For this research, the calculations were conducted in Microsoft Excel using the correl 

function of the differences of the ranked variables.  The rankings were determined using the 

Excel function of rank.eq.  Spearman’s correlation coefficient can be interpreted similarly to 

Pearson’s; the closer 𝑟𝑠 is to ±1, the stronger the monotonic relationship.  Additionally, we 

comment on the size of the correlation coefficient using the following guide in Table 13 (Hinkle, 

Wiersma, and Jurs 2003). 

Table 13: Interpretation the Size of Spearman’s Correlation Coefficients 

Size of Correlation Interpretation 

.90 to 1.00 (-.90 to -1.00) Very high positive (negative) correlation 

.70 to .90 (-.70 to -.90) High positive (negative) correlation 

.50 to .70 (-.50 to -.70) Moderate positive (negative) correlation 

.30 to .50 (-.30 to -.50) Low positive (negative) correlation 

.00 to .30 (.00 to -.30) Negligible correlation 

 

For General Hypotheses 1, 2, and 3, we analyzed the RQA metrics of percent recurrence 

(𝑎𝑖𝑗
𝑘 ) and DET (𝑏𝑖𝑗

𝑘 ) of communications indicative of HRO principles of sensitivity to operations, 

commitment to resilience, and deference to expertise.  For transcription subset k {1, 2, 3, 4, 5, 

6} and team j {1, 2, 3, 4, 5}, we let 

�̂�𝑖𝑗
𝑘  = Spearman’s correlation coefficient of 𝑎𝑖𝑗 

𝑘 to 𝑦4𝑗  for simulation i  {1, 4} 

�̌�𝑖𝑗
𝑘

 = Spearman’s correlation coefficient of 𝑏𝑖𝑗
𝑘  to 𝑦4𝑗  for simulation i  {1, 4} 

�̃�𝑖𝑗
𝑘

 = Spearman’s correlation coefficient of 𝑎𝑖𝑗
𝑘  to 𝑦𝑖𝑗  for simulation i  {2, 3} 

�̆�𝑖𝑗
𝑘  = Spearman’s correlation coefficient of 𝑏𝑖𝑗

𝑘
 to 𝑦𝑖𝑗  for simulation i  {2, 3} 

Table 14 presents the correlations that were analyzed.  The specific hypotheses are that 

each of these correlations will be negative: 𝑟𝑖𝑗
𝑘

 < 0.  That is, the greater these metrics, the less 

time the team will need to detect or resolve the simulated surgical complications.  
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Table 14: Correlation Coefficient Notation 

𝒚𝒊𝒋  𝒂𝒊𝒋 
𝒌  𝒃𝒊𝒋 

𝒌  

𝒚𝟐𝒋 
 

�̃�2𝑗
2  �̃�2𝑗

5  �̆�2𝑗
2  �̆�2𝑗

5  

�̃�2𝑗
3  �̃�2𝑗

6  �̆�2𝑗
3  �̆�2𝑗

6  

𝒚𝟑𝒋  
�̃�3𝑗

2  �̃�3𝑗
5  �̆�3𝑗

2  �̆�3𝑗
5  

�̃�3𝑗
3  �̃�3𝑗

6  �̆�3𝑗
3  �̆�3𝑗

6  

𝒚𝟒𝒋  
�̂�1𝑗

1
 

�̂�4𝑗
1

 

�̂�1𝑗
4

 

�̂�4𝑗
4

 

�̌�1𝑗
1

 

�̌�4𝑗
1

 

�̌�1𝑗
4

 

�̌�4𝑗
4

 

 

Second, we analyzed the correlations of the multi-participant metrics of accommodation 

(𝑐𝑖𝑗), engagement (𝑑𝑖𝑗), and leadership (𝑒𝑖𝑗) to the time (𝑦𝑖𝑗) to detect or resolve the 

complications.   

 𝑟𝑖𝑗
𝑐  = Spearman’s correlation coefficient of 𝑐𝑖𝑗  to 𝑦4𝑗  

𝑟𝑖𝑗
𝑑 = Spearman’s correlation coefficient of 𝑑𝑖𝑗to 𝑦𝑖𝑗  

𝑟𝑖𝑗
𝑒   = Spearman’s correlation coefficient of 𝑒𝑖𝑗  to 𝑦𝑖𝑗  

As with the RQA metrics, the specific hypotheses are that each of these correlations will 

be negative.  We hypothesized for simulation i  {1, 2, 3, 4} and team j {1, 2, 3, 4, 5} for: 

𝑟𝑖𝑗
𝑐  < 0 

𝑟𝑖𝑗
𝑑  < 0 

𝑟𝑖𝑗
𝑒  < 0 

That is, we hypothesized that the greater the metrics, the less time for the team will detect 

or resolve surgical complications.  Recall that the multi-participant metric of accommodation is 

reflective of the HRO principle of sensitivity to operations; therefore, we analyzed the 

correlation of this metric to the time to detect the complication.  Likewise, the multi-participant 

metrics of leadership and engagement were both analyzed for the correlation to the time to 

resolve the complication, as they are reflective of the metrics of commitment to resilience and 

deference to expertise, respectively, which are HRO metrics of containment.  
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Chapter IV: Results and Discussion 

This chapter will detail the results the analysis along with a discussion of those results.  It 

will first begin with an overview of the teams’ actions during the simulations.  Then, the results 

of the inter-rater reliability analysis and the surrogate analysis will be presented.  Next, the 

findings of the metrics will be given, and lastly the results and discussion of the hypotheses are 

offered.   

Teams’ Actions 

While this dissertation is not focused on the specific actions of the surgical teams, it is 

important to remark about the various approaches that the surgical teams took during the 

simulations.  These specific actions and various approaches may help to explain the differences 

in communications across the teams.  We will briefly discuss the approaches of each of the teams 

during each of the three simulations that had complications – Simulations 2, 3, and 4.  This 

section will not fully describe the actions, but compare and construct the actions between the 

teams.  Certain behaviors may factor into differences in metrics or times.  

Simulation 2 

In Simulation 2, the patient becomes tachycardia with intermittent runs of SVT that 

coincide with use of the bovie (used to cauterize, or stop, bleeding).  After four runs of SVT, the 

surgical resident in Team 1 voiced that she not comfortable proceeding with the surgery.  The 

team checked the patient’s record, but could not find a reason for the increased heart rate.  They 

decided to try to proceed one more time.  When the patient went into SVT again, the surgical 

resident said, “She might crash, so I’m going to stop the surgery.”  She had opened the patient, 

but had not begun to remove the gallbladder.  The simulated scenario was concluded.  

Teams 2, 3, 4, and 5 continued the procedure through the runs of SVT.  They often 

increased their communication with each other.  For instance, team members of Team 2 asked 

the surgical resident if he was using the bovie when the patient was “acting up.”  The CRNA 

would communicate with the surgical resident when the patient was going into the runs.  For 

example, on one occasion the CRNA said, “It's just an acute attack so you can stay open.  She's 

just having these runs.  There’s no history at all though.”  Then, once the episode cleared, the 

CRNA would say, “Okay, she’s good.  Proceed.” so the surgical resident knew he could proceed 

with the procedure.  
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Teams 2 and 3 each suspected and verbally communicated the possible relationship 

between the bovie and the runs of SVT during the simulated procedure.  For example, the 

surgical resident in Team 2 said, “How come every time I use the cautery …” (Cautery is another 

term for bovie.)  The CRNA in Team 3 said, “Okay, now it’s just correlating with bovie.  I don’t 

know if it’s supposed to be artifact or not.”  After the gallbladder had been removed, the CRNA 

in Team 4 remarked, “She doesn’t like that bovie.  That’s for sure.”  For Teams 2, 3, 4, and 5 the 

simulated scenario stopped once they removed the gallbladder. 

Simulation 3 

Next, we will discuss Simulation 3.  In this scenario, the surgical teams began intubation; 

however, the patient began to have bronchial spasms making it difficult to intubate the patient.  

All five teams verbally expressed that the chords were closed.  All of the teams tried alternate 

approaches, such as additional medication or special instruments in an attempt to intubate the 

patient.  Teams 1, 2, 3 and 4 recognized the needs for a surgical cricothyroidotomy for an 

emergent airway and thus all verbally requested the kit (commonly referred to as a “cric” kit).  

The teams continued to try to intubate and then used the kit to perform the cricothyrotomy the 

patient.  Team 5, on the other hand, recognized the needs for a surgical cricothyroidotomy, but 

did not verbally request the cricothyrotomy kit.  Rather the surgical resident requested a scalpel 

and cut the patient’s throat, then the CRNA used the intubation tube allow the emergency 

airway.  For all teams, the simulated scenario was stopped once the patient’s vital returned to 

normal.  

Simulation 4 

Lastly, we will discuss the surgical teams’ actions during Simulation 4.  In this scenario, 

the surgical resident needed to place a subclavian central line for antibiotic therapy prior to 

performing surgery.  A complication during the insertion of the central line resulted in 

pneumothorax, which required chest tube insertion.  The simulated scenario was stopped once 

the chest tube was inserted and the patient’s vital signs normalized.  

Teams 1, 2, and 3 all successfully inserted the central line and verbalized such.  Team 1 

put the patient to sleep and then verbalized that patient’s vital signs had dropped.  At the same 

time, the operating room phone rang and radiology informed the nurse that the patient had 

pneumothorax.  The chest tube kit was requested and the surgical resident put the chest tube in.   
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During Team 2’s simulation, the CRNA verbalized that stats were dropping shortly after 

the surgical resident stated that he had inserted the central line.  The chest tube kit was requested 

and the surgical resident put the chest tube in simultaneously as the phone rang with the call 

from radiology confirming the pneumothorax.   

Team 3 verbalized that the line was in after a few tries.  The patient began coughing 

shortly before the central line was inserted and the CRNA asked the patient if he was having 

trouble breathing.  The surgical resident requested a chest tube kit, used the x-ray to confirm 

pneumothorax, and then put in the chest tube.   

Team 4 began the simulation with the assumption that the central line had been inserted.  

(This was due to time constraints.)  The CRNA verbalized that she heard odd breath sounds, and 

then the surgical resident requested the chest tube kit and then inserted the chest tube.   

Team 5 had trouble inserting the central line.  First, the CRNA tried to put it in, and then 

the surgical resident attempted.  The patient began coughing, so the CRNA asked the patient if 

he was having trouble breathing.  The surgical resident requested and then inserted the chest 

tube.   

Inter-rater Reliability 

Recall that for General Hypotheses 1, 2, and 3 the communication events were coded 

based on the healthcare application of three high reliability organization (HRO) principles 

(Weick and Sutcliffe 2007).  An inter-rater reliability (IRR) analysis was performed to assess the 

degree that the coders consistently assigned the codes.  This section provides a brief overview of 

inter-rater reliability, interpretation, and discussion of the results from the study.   

The inter-rater reliability analysis was necessary as three coders were used for this 

analysis.  The three coders included two Industrial Engineering undergraduate students and one 

doctoral student (the author of this dissertation).  The students collaborated to develop the coding 

requirements and guidelines.  The requirements were based upon the literature on the HRO 

principles and their application in the healthcare field.  Each coder referred to the documentation 

during the coding process.  The coders met on several occasions to clarify coding guidelines.   

As several individuals coded the transcribed simulations, the level of agreement between 

the coders had to be analyzed.  This level of agreement was measured through kappa statistics, 

which provided a standardized index of inter-rater reliability (IRR) and corrects for expected 

chance agreement.   
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For two coders, the ratings are cross tabulated to calculate the degree of observed 

agreement.  The expected chance agreement is determined by each coder's marginal frequencies.  

The kappa statistic by Cohen (1960) and other variants of the kappa statistic are used to assess 

IRR for nominal variables.  Then, Kappa is computed:  

 
𝜿 =  

𝑷(𝒂) −  𝑷(𝒆)

𝟏 − 𝑷(𝒆)
 Equation 11  

where the observed percentage of agreement is denoted by P(a), and the probability of 

expected agreement due to chance is denoted by P(e).  This statistic is often instead of percent 

agreement, as percent agreement does not take into consideration agreement due to chance.  As 

this research used three coders, rather than two, a slight variation of Cohen’s statistic was used.  

The statistics were calculated using the arithmetic mean of kappa or P(e) as recommended by 

Light (1971).  This variation is commonly used in scenarios when the study has three or more 

coders and has a fully crossed design.  This method is easily obtainable in most software 

packages, such as R. 

Kappa statistics can range from -1 to 1.  A value of 1 would indicate perfect agreement, 

while -1 would indicate "perfect" disagreement.  Landis and Koch (1977) provided guidelines for 

interpreting kappa values.  For instance, a value between 0.00 and 0.20 would be interpreted as 

having slight inter-rater reliability.  Table 15 provides the kappa statistic values and 

interpretations (Landis and Koch, 1977).  

Table 15: Kappa Statistic Strength of Agreement 

Kappa Statistic Agreement 

< 0.00 Poor 

0.00-0.20 Slight 

0.21-0.40 Fair 

0.41-0.60 Moderate 

0.61-0.80 Substantial 

0.81-1.00 Almost Perfect 

 

The Light (1971) method was implemented as this study had three coders and a fully 

crossed design in which each transcript was coded by each coder.  The Kappa statistics were 

obtained using the R command of kappam.light(…) within the irr package (Gamer, Lemon, and 

Singh, 2012).   
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The kappa statistics were evaluated using the Landis and Koch (1977) guidelines.  The 

overall mean of the kappa statistics was 0.6554, which was rated as substantial agreement.  This 

is a high rating as this study is the first implementation of the coding system and the first study to 

code communications based on high reliability organization principles.   

The results were further investigated to determine if the overall arithmetic mean was a 

fair representation of the agreement coders over all of the data, including the various teams and 

various simulations.  Of the 20 transcripts, none received kappa statistics to be interpreted below 

fair agreement.  With kappa statistics of 0.41 to 0.60, nine of the transcripts had moderate 

agreement.  With kappa statistics between 0.61 and 0.80, eight had substantial agreement.  The 

remaining three transcripts had kappa statistics greater than 0.81 and were marked with almost 

perfect agreement.  To check for balance, the IRR were analyzed by simulation and by team.   

First, we analyzed the IRR by simulation to confirm that the coders’ agreement was not 

overly skewed for a particular scenario.  The arithmetic mean of the kappa statistics for each 

simulation ranged from 0.6004 to 0.7314 (see Table 16).  Therefore, coding of three of the four 

scenarios showed substantial agreement.  Coding of the first scenario, the simulation in which no 

complication was presented to the team, received a rating of moderate agreement with a score of 

0.6004, slightly below the cutoff of 0.61 for substantial agreement. 

Table 16: Landis and Koch Agreement by Simulation 

Simulation  Mean Kappa Agreement 

1 0.6004 Moderate  

2 0.7314 Substantial  

3 0.6556 Substantial  

4 0.6342 Substantial  

 

Second, we analyzed the IRR by team.  The mean kappa statistics for each team ranged 

from 0.5348 to 0.7248.  Four of the five teams received a substantial agreement, while Team 5 

received a rating of moderate agreement (see Table 17).  Overall, the Landis and Koch method 

showed consistent agreement between the three coders on the HRO principle codes for the 

overall, by simulation, and by team.   



Texas Tech University, Amanda Baty, May 2017 

48 

 

Table 17: Landis and Koch Agreement by Team 

Team Mean Kappa Agreement 

1 0.6725 Substantial  

2 0.7248 Substantial  

3 0.6205 Substantial  

4 0.7245 Substantial 

5 0.5348 Moderate  

 

In summary, an inter-rater reliability (IRR) analysis was performed to assess the degree 

that the coders consistently assigned high reliability organization (HRO) codes to the utterances 

in the simulation scenario transcripts of the study.  The marginal distributions of the HRO codes 

did not indicate substantial prevalence or bias problems, suggesting that Cohen's (1960) kappa 

was an appropriate index of IRR (Di Eugenis & Glass, 2004).  As there were three codes, a slight 

variation was used on Cohen’s kappa.  The resulting kappa indicated substantial agreement, κ = 

0.6654 (Landis & Koch, 1977).  The IRR analysis confirmed that coders had substantial 

agreement in coding of the HRO principles, although the variable of interest contained a modest 

amount of error variance due to differences in subjective ratings given by coders.  Statistical 

power of subsequent analyses may be slightly reduced, although the IRR results were deemed as 

adequate for use in the present study. 

Surrogate Analysis 

Surrogate analysis was conducted to confirm that the statistic of communication 

determinism (DET) calculated through recurrence quantification analysis (RQA) captured 

relevant information about the communication patterns of the surgical teams.  (This applies to 

General Hypotheses 1, 2, and 3 only.)  Specifically, the analysis tested that the communication 

patterns had a temporal structure – a structure relating to time – and thus the patterns were not 

results from random occurrences (Thieler, et al, 1992; Collins and De Luca, 1994).  This 

confirmation of a temporal effect demonstrated that RQA is a preferred analysis technique over 

other analysis methods that do not take the temporal aspect of the data into account.   

In accordance with the literature, the null hypothesis stated that the observed data would 

be fully described by independent and identically distributed random variables.  That is, that the 

data would be described solely by certain preserved properties of the original data – the 

properties of mean and variance in this study.  Then, the discriminating statistic – 
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communication determinism for this data – was calculated for the original data set and each of 

the 20 generated surrogate data sets.  Next, the discriminating statistics were compared and if 

different, then the null hypothesis was rejected.   

In order to provide a clear explanation of surrogate analysis, details of the analysis 

conducted on the communication data will be provided.  The data used in the example is x2
21, 

which is data from communications events that were coded for the HRO principle of 

commitment to resilience differentiating job function for Team 1 during Simulation 2. 

RQA was completed from a recurrence plot (RP) to calculate the discriminating statistic 

for the original data set, QD.  Then, 20 surrogate data sets were generated from the original data 

by randomizing the original data to remove the temporal aspect while maintaining the preserved 

properties of mean and variance.  Communication determinism was also calculated for each 

surrogate data set.  The distribution of the discriminating statistic – DET – for the surrogate data 

sets, QH, was approximated with a mean, 𝜇𝐻, and a standard deviation, 𝜎𝐻.  For this example, 

DET was found to be 23% for the original data set, while the surrogate data discriminating 

statistics had a mean, 𝜇𝐻 , of 2% and a standard deviation, 𝜎𝐻, of 3%. 

The null hypothesis stated that the observed data would be fully described by 

independent and identically distributed random variables.  Based on the null hypothesis, there 

should not be a difference between the discriminating statistic of communication determinism of 

the original and the surrogate data sets, as there would not be a temporal effect.  For this specific 

example, the original data had a discriminating statistic (communication determinism) of 23%, 

while the discriminating statistics for the surrogate data had a mean of 2%.  Therefore, we can 

see that there was a difference between the original data and the surrogate data. 

This difference was confirmed by the significance and p-value.  The measure of 

significance, 𝝑, was calculated by taking the absolute value of the difference of the original 

data's discriminating statistic and the mean of the surrogate data sets' discriminating statistics, 

then dividing by the variance of the discriminating statistics of the surrogate data sets (Thieler, et 

al, 1992).  For this example, we found that the significance was 6.11 (See equation below).   

       

 

𝝑 =  
|𝑸𝑫 −  𝝁𝑯|

𝝈𝑯
=  

|𝟎. 𝟐𝟑 –  𝟎. 𝟎𝟐|

𝟎. 𝟎𝟑𝟒𝟒
= 𝟔. 𝟏𝟏 

Equation 12  
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From the calculated significance, and from the fact that the distribution of the statistic 

was Gaussian, the p-value was calculated through the complementary error function of the 

quotient of the significance and the square root of two.  This value represents the probability that 

an equal or larger significance could be observed if the null hypothesis was true (Thieler, et al, 

1992).  In this example, the p-value (the probability) is 0.0000, which is less than α = 0.05, so the 

null hypothesis is formally rejected (see equation below).  Therefore, there was a temporal effect 

present in the communication patterns for the first team in the second simulated surgical 

scenario.   

 

 

A surrogate analysis was completed for each team in each simulated surgical scenario.  

For each case, the null hypothesis was that the observed data would be fully described by 

independent and identically (iid) distributed random variables (RVs).  That is, that the data 

would be described solely by certain preserved properties of the original data – the properties of 

mean and variance in this study.  The level of significance was set at α = 0.05 for all null 

hypotheses tests. 

The analysis conducted the surrogate analysis, as described above, was completed for 

each set of data (𝑥𝑖𝑗
1 , 𝑥𝑖𝑗

2 , 𝑥𝑖𝑗
3 , 𝑥𝑖𝑗

4
, 𝑥𝑖𝑗

5 , and 𝑥𝑖𝑗
6 ).  Of the 55 scenarios, three would not be 

accurately tested as the original and surrogate determinism metrics were all 0%.  The scenarios 

occurred during Simulation 3: 𝑥31
2

, 𝑥34
2

, and 𝑥31
5 .  For another scenario, 𝑥31

6 , there was a single 

recurrence point that was not in a diagonal.  This resulted in 100% DET for the original data and 

a mean DET of 98%.  Therefore, the null hypothesis could not be rejected for 𝑥31
6 .   

For the remaining 51 scenarios, the null hypotheses were rejected, as a temporal aspect 

was evident in the data.  That is, the data cannot be described solely by certain preserved 

properties of the original data – the properties of mean and variance of DET.  The ordering in 

which the communications (and thus codings) occurred has an impact on the data.  This confirms 

that the recurrence quantification analysis is an appropriate method of analysis for the data.   

  

𝒑 = 𝒆𝒓𝒇𝒄 (
𝝑

√𝟐
) = 𝒆𝒓𝒇𝒄 (

𝟔. 𝟏𝟏

√𝟐
 ) = 𝟎. 𝟎𝟎𝟎𝟎 

Equation 13  
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Response Variable of Time 

For each General Hypothesis, the response variable is time.  Specifically, we looked at 

time for detect or time to resolve the complication during the simulation surgical scenarios.  For 

Simulations 2 and 3 we analyzed the time between detection and resolution of the complications.  

We analyzed the time between the start of the complication and verbalized detection for 

Simulation 4.  That is, we let:   

𝑦2𝑗  = elapsed time (in seconds) between the verbalized detection and resolution of 

the complication for simulation 2 by team j  {1, 2, 3, 4, 5} 

 

𝑦3𝑗   = elapsed time (in seconds) between the verbalized detection and resolution of 

the for simulation 3 by team j  {1, 2, 3, 4, 5} 

 

𝑦4𝑗   = elapsed time (in seconds) between the start of the complication and verbalized 

detection of the complication for simulation 4 by team j  {1, 2, 3, 4, 5} 

 

Response variable 𝑦2𝑗  ranged from 213 to 549.  Variable y3j ranged from 96 to 344, while 

𝑦4𝑗   ranged from 170 to 434.  Variable 𝑦44   was considered an outlier; when removed 𝑦4𝑗    ranged 

from 289 to 434.  

During Simulation 2, the time for Team 2 to resolve the complication was 100 seconds 

less than any other team (𝑦22  = 213).  Team 2 suspected and verbalized that the SVT was caused 

by the bovie.  After this realization, the surgical resident appeared to have quickened her pace.  

On the other hand, Team 4 also suspected the bovie to be the cause, but it did appear to have 

quickened her pace.  With 𝑦24  = 549, it could the suspicion could have slowed her down as Team 

4 had the second to slowest time. (See Table 18.) 

Teams 1 and 5 resolved the Simulation 3 complications quickly (𝑦31 = 96 and 𝑦35 =107) 

compared to the other teams.  While Team 1’s actions did not differ, the surgical resident in 

Team 5 requested a scalpel rather than a full cricothyrotomy kit.  The times for Teams 2, 3, and 4 

varied (𝑦32 = 183 to 𝑦34 = 34).  Overall, no significant changes in the teams’ actions could 

attribute to the range of times to resolve the complication.  On the surface, Teams 2, 3, and 4 

simply took longer between detection of the closed vocal chords and the complication of 

cricothyrotomy for the emergency airway.  A further, more-detailed analysis of the teams’ 

actions may reveal that a potential explanation for the differences in time to resolve.   
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During Simulation 4, Team 4 did not insert the central line due to time constraints; 

therefore, the time from beginning of the simulation to verbalization of complication is lower 

(𝑦44  = 170).  (Recall that they began the simulation with the assumption that the central line had 

been inserted while the other teams began the simulations by first inserting the central line.)  

Team 5 also had a shorter time to resolve the complication in Simulation 4 (𝑦45  = 289).  This 

team, however, could not successfully insert the central line.  The repetitive tries could have 

made the team more prone to watch and respond to possible complications, resulting in the less 

time to resolve the complication.  Teams 1, 2, and 3 all successfully inserted the central line, but 

had slightly different actions following.  However, the teams’ times are comparable (𝑦41 = 417, 

𝑦42 = 434, 𝑦43= 409).   

Table 18: Response Variable of Time, yij 

𝒚𝒊𝒋 Team 1 Team 2 Team 3 Team 4 Team 5 

𝒚𝟐𝒋 341 213 313 549 589 

𝒚𝟑𝒋 96 183 239 344 107 

𝒚𝟒𝒋 417 434 409 170 289 

 

Recurrence Plots 

Next, the recurrence plots were generated.  Examples of the recurrence plots for 

Simulation transcription subset x1 for Teams 1 and 2 are given in Figure 5.  Examples of the 

recurrence plots for Simulation 3 for transcription subset x6 for Teams 3 and 5 are given in 

Figure 6.  The black squares represent recurrence of the coded utterance.  These are single 

events.  A diagonal of several black squares represents recurrences of several utterances.  Note 

that there is not a main diagonal as the code of 0 was used to represent that the surgical teams’ 

communication did not exhibit the HRO principles.  Only recurrences of the utterances 

exhibiting HRO principles were considered as true recurrences for this study and denoted with a 

black box.  From the plots, we conducted recurrence quantification analysis (RQA) to obtain the 

metrics of percent recurrence rate (RR) and percent communication determinism (DET).  
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Figure 5: RPs for Simulation 4 transcription subset x1 for Teams 1 and 2 

 

   
Figure 6: RPs for Simulation 3 for transcription subset x6 for Teams 3 and 5 

 

Percent Recurrence 

Recall that the metric of percent recurrence was collected and represented by 𝑎𝑖𝑗
𝑘  for 

transcription subset k {1, 2, 3, 4, 5, 6}, simulation i  {1, 2, 3, 4}, and team j {1, 2, 3, 4, 5}.  

The results when differentiating job functions are given in Table 19, Table 20, and Table 21.  

Result for 𝑎1𝑗
1  ranged from 5.12% (𝑎11

1 ) to 8.42% (𝑎15
1 ) while 𝑎4𝑗

1
 ranged from 2.73% (𝑎43

1 ) to 

21% (𝑎41
1 ). Percent recurrence, 𝑎2𝑗

2 , ranged from 0.40% (𝑎25
2 ) to 3.08% (𝑎23

2 ) while 𝑎3𝑗
2  ranged 

from 0.06% (𝑎21
2 ) to 2.35% (𝑎33

2 ).  Lastly, 𝑎2𝑗
3  ranged from 4.85% (𝑎25

3 ) to 14.71% (𝑎23
3 ) while 

𝑎3𝑗
3

 ranged from 3.57% to 32.40% (𝑎31
3 ).  Our discussion will begin with Simulation 4 as this was 

the comparison to the normal scenario. 
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For Simulation 4, Teams 1 and 3 had the closest times (𝑥41  = 417, 𝑥43 = 409); however, 

they did not have comparable percent recurrences indicative of sensitivity to operations (𝑎41
4  = 

21%, a1
43 = 2.73%).  Team 1 had the greatest recurrence rate for sensitivity to operations than the 

other teams (𝑎41
1  = 21%); the next greatest level of percent recurrence was Team 4 (𝑎44

1  = 

8.23%).  Recall that Team 1 put the patient to sleep before confirming that the central line was 

placed correctly.  The CRNA may not have known if the central line caused the patient’s vitals to 

drop or if the anesthesia caused the drop or another unknown factor.  The CRNA originally 

states, “Hold what you’re doing.  He’ll be doing better, just a second.” which gives the 

impression that she may have thought the anesthesia caused the drop.  Perhaps the action of 

putting the patient to sleep before confirming central line placement made the team communicate 

in line with sensitivity to operations.  They became more aware that accidents are not the result 

of a single error.  They began to exchange and acknowledge more communication, confirm 

correct understanding, and alter members to latent errors.   

Team 3, on the other hand, had the lowest percent recurrence (𝑎43
1

 = 2.73%).  This team 

attempted to insert the central line in a couple times and the patient began to cough.  These 

actions potentially changed the teams’ communications from being reflective of the HRO 

principle of sensitivity (which focuses on the anticipation of complications) to commitment to 

resilience or deference to expertise.  The latter principles are categorized for containment of 

complications.  Further analysis of the data may confirm. 

Although the times for Teams 2, 4, and 5 to resolve the complication ranged, the teams’ 

percent recurrence, indicative of sensitivity to operations, did not greatly range (𝑎42
1 =  6.00%, 

𝑎44
1  = 8.25%, 𝑎45

1  = 4.43%).  These teams also had different actions for resolving the 

complication of pneumothorax.  Although the times and actions varied the proportion of 

communications reflective of the principle of sensitivity to operations remained relatively 

constant.   

During Simulation 2, Teams 2 and 3 each suspected and verbalized the possibility that 

the bovie was correlating with the runs of SVT.  These teams had the lowest times to resolve and 

the greatest percent recurrence for both Commitment to Resilience (𝑎𝑖𝑗
2 ) and Deference to 

Expertise (𝑎𝑖𝑗
3 ).  That is, these teams had greater occurrences of communications focused on 

identifying, controlling and recover from the complications and on communicating across levels.  
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In other words, the two teams’ communications had more evidence of sharing instructive or 

constructive feedback with each other and on sharing opinions and possible solutions.   

Team 1 had the second lowest percent recurrence indicative of commitment to resilience 

and indicative of deference to expertise.  Recall that this teams’ surgical resident was not 

comfortable proceeding with the procedure through the patients’ runs of SVT.  Team 4 however 

did proceed through the runs of SVT and expressed the possible relationship of the bovie to the 

runs of SVT at the end of the procedure.  The team had the greatest resolution time, but was in 

the middle of the range for percent recurrence indicative of commitment to resilience and 

deference to expertise.  For both HRO principles, team 5 had the lowest percent recurrence for 

Simulation 2.  This team did not remark about the possible relationship of the bovie to the runs 

of SVT.  

During Simulation 3, Teams 1, 2, 3, and 4 had similar actions.  They each verbally 

requested the cricothyrotomy kit and resolved the complication.  The percent recurrence 

indicative of commitment to resilience and deference to expertise varied and tended to have a 

nearly inverse relationship.  For example, Team 1 had the lowest percent recurrence indicative of 

commitment to resilience (𝑎31
2 ) and the greatest percent recurrence indicative of deference to 

expertise (𝑎31
3 ).  Similarly, Team 3 had the greatest percent recurrence indicative of commitment 

to resilience (𝑎33
2 ) and the second lowest recurrence rate indicative of deference to expertise 

(𝑎33
3 ).  (Only Team 5 – 𝑎35

3
 – was greater).  The trend continues: a team with a high recurrence 

rate indicative of commitment to resilience tends to have a lower recurrence rate indicative of 

deference to expertise when resolving a complication with an obvious resolution.  

While Team 5 in Simulation 3 had different actions – requesting the scalpel rather than a 

cricothyrotomy kit – the team follows the trend.  This team had the second greatest percent 

recurrence indicative of commitment to resilience (𝑎35
2 ) and the lowest percent recurrence 

indicative of deference to expertise (𝑎35
3 ).  The trend, however, was not strongly evident in 

Simulation 2.  For example, Team 3 had the greatest percent recurrence for both principles of 

commitment to resilience and deference to expertise during Simulation 2.  This team was one of 

the two teams that verbally communicated the potential relationship of the bovie to the patient’s 

runs for SVT.   
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Table 19: Percent RR, a1 (Job Function and Sensitivity to Operations) 

Simulation Team 1 Team 2 Team 3 Team 4 Team 5 

1 5.12% 8.11% 6.73% 7.83% 8.42% 

4 21.00% 6.00% 2.73% 8.25% 4.43% 

 
Table 20: Percent RR, a2 (Job Function and Commitment to Resilience) 

Simulation Team 1 Team 2 Team 3 Team 4 Team 5 

2 0.99% 1.64% 3.08% 1.55% 0.40% 

3 0.06% 0.95% 2.35% 0.31% 1.60% 
 

Table 21: Percent RR, a3 (Job Function and Deference to Expertise) 

Simulation Team 1 Team 2 Team 3 Team 4 Team 5 

2 6.63% 6.64% 14.71% 7.63% 4.85% 

3 32.40% 17.42% 9.41% 29.66% 3.57% 

The percent recurrence rates when calculated across job functions are given in Table 22, 

Table 23, and Table 24.  The results show that a4
1j ranged from 2% (𝑎11

4 ) to 16% (𝑎12
4 ) while 𝑎4𝑗

4  

ranged from 9% (𝑎45
4 ) to 46% (𝑎42

4 ).  We found that 𝑎2𝑗
5  ranged from 2% (𝑎25

5 ) to 9% (𝑎23
5 ), 

while variable 𝑎3𝑗
5  ranged from 0% (𝑎31

5  and 𝑎34
5 ) to 11% (𝑎33

5 ).  Variable 𝑎2𝑗
6  ranged from 16% 

(𝑎21
6 ) to 41% (𝑎23

6 ), while variable 𝑎3𝑗
6  ranged from 11% (𝑎35

6 ) to 92% (𝑎31
6 ).  Note that for many 

teams, 𝑎𝑖𝑗
4

 > 𝑎𝑖𝑗
1 , 𝑎𝑖𝑗

5 > 𝑎𝑖𝑗
2 , and 𝑎𝑖𝑗

6 > 𝑎𝑖𝑗
3 .  That is, the metrics are greater as the percent recurrence 

is across job functions.  That is, when the HRO principle is considered, regardless of job 

function, the 𝑎𝑖𝑗
𝑘  increases.  

Team 2 had the highest recurrence rate for Simulation 4 in (𝑎42
4

 = 23%).  Recall that the 

CRNA was closely watching the vitals and verbalized about the drop shortly after the surgical 

resident confirmed that the central line had been placed.  They were sensitivity to Operations by 

communicating more about the big picture than the other teams.  Team 5’s recurrence rate, on 

the other hand, was the lowest (𝑎45
4  = 9%), potentially as this team could not successfully insert 

central line.  For Simulations 2 and 3, the teams with greater percent recurrence when 

differentiating job functions also had greater percent recurrence across job functions.   

As with differentiating job functions, the metrics for across job functions tended to have 

an inverse relationship between percent recurrence indicative of commitment to resilience and 

percent recurrence indicative of deference to expertise for Simulation 3.  The teams that have 

lower recurrence rates for commitment to resilience tend to have higher recurrence rates for 

deference to expertise.  Teams 1 and 4 had higher recurrence rates for deference to expertise; few 
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utterances were not coded with this principle.  That is, most of their communication was 

concerned with sharing observations, ideas, and possible solutions.   

Table 22: Percent RR, a4 (Sensitivity to Operations) 

Simulation Team 1 Team 2 Team 3 Team 4 Team 5 

1 2% 5% 16% 14% 10% 

4 21% 46% 16% 23% 9% 

 
Table 23: Percent RR, a5 (Commitment to Resilience) 

Simulation Team 1 Team 2 Team 3 Team 4 Team 5 

2 4% 6% 9% 6% 2% 

3 0% 3% 11% 0% 6% 
 

Table 24: Percent RR, a6 (Deference to Expertise) 

Simulation Team 1 Team 2 Team 3 Team 4 Team 5 

2 16% 17% 41% 22% 18% 

3 92% 53% 36% 83% 11% 

 

In summary of percent recurrence, the overall findings varied in value between 

differentiating job function and across job functions, but not in conclusion.  In both instances, 

Team 3 had the greatest percent recurrence indicative of commitment to resilience for Simulation 

2 and for Simulation 3.  The teams used instructive and constructive feedback along with 

knowledge pertaining to individuals’ roles to identify, control, and recover from the 

complications of unexpected runs of SVT and closed vocal chords during intubation.   

For percent recurrence indicative of deference to expertise, Team 3 had the greatest rate 

during Simulation 2 while Team 1 had the greatest rate during Simulation 3.  Based on the 

metrics, these two teams encouraged communication from all levels while working to resolve the 

complication.  The team communicated ideas, observations, and opinions.  They addressed 

ambiguity and offered solutions for the complications of unexpected runs of SVT and closed 

vocal chords within the simulated surgical scenarios 2 and 3, respectively.   

For Simulation 4, four of the teams had different actions for resolving the complication of 

pneumothorax and although the teams’ actions varied, the proportion of communications 

reflective of the principle of sensitivity to operations remained relatively constant.  That is, 

regardless of the actions, the communications reflected the recognition that accidents are not the 

result of a single error.  The teams exhibited by exchanging information, acknowledging receipt, 

confirming understand, and alerting team members to latent errors.  Team 1 was the only 

exception as this team put the patient to sleep before detecting the complication of 
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pneumothorax.  This team had a greater proportion of communication reflective of the HRO 

principle of sensitivity of operations.   

Percent Communication Determinism 

Percent communication determinism quantifies the repetitiveness of the communication 

as the ratio of points forming diagonals to all recurrent points in the recurrence plots.  Greater 

repetitiveness in communication is reflected by a greater percenter communication determinism.  

Likewise, more random communication patterns would be reflected by a lower percent of 

communication determinism (DET).  For transcription subset k {1, 2, 3, 4, 5, 6}, simulation i  

{1, 2, 3, 4}, and team j {1, 2, 3, 4, 5}, we let 𝑏𝑖𝑗
𝑘  represent the percent communication 

determinism of the coded communication 𝑥𝑖𝑗
𝑘 .  Table 25, Table 26, and Table 27 present the 

results when differentiating by job functions.  Determinism, 𝑏1𝑗
1 , ranged from 29% (𝑏12

1 ) to 37% 

(𝑏13
1 ), with 𝑏11

1 , 𝑏14
1 , and 𝑏15

1  all 34%.  Variable 𝑏4𝑗
1 ranged from 14% (𝑏43

1 ) to 45% (𝑏41
1 ).  

Variable 𝑏2𝑗
2  ranged from 17% (𝑏25

2 ) to 56% (𝑏23
2 ), while 𝑏3𝑗

2  ranged from 0% (𝑏31
2  and 𝑏34

2 ) to 

54% (𝑏35
2 ).  Variable 𝑏2𝑗

3   ranged from 36% (𝑏23
3 ) to 65% (𝑏22

3 ), while 𝑏3𝑗
3  ranged from 35% (𝑏31

3 ) 

to 62% (𝑏34
3 ).  

We let variable 𝑏𝑖𝑗
1  represent DET for the HRO principle of sensitivity to operations when 

differentiating for job function.  This metric was analyzed for Simulations 1 and 4.  All five 

teams exhibited receptiveness in regards to sensitivity to operations.  In fact, DET was in the 

high 20s and 30s for all teams during Simulation 1; Teams 1, 4, and 5 had the same DET of 34%.  

During Simulation 4, Teams 2 and 5 had DET, 𝑏𝑖𝑗
1 , between 25% and 30% while Teams 1 and 4 

had DET between 40% and 45%.  These respective pairs of teams, however, did not have similar 

actions.  Recall that Team 5 during Simulation 4 could not successfully insert the central line, 

while Teams 1 and 2 did successfully insert the line and verbalized such.  Team 4, however, 

began the simulation with the assumption that the central line had already been inserted (due to 

time constraints).  Team 3 had a low communication determinism (𝑏43
1  = 13%) compared to the 

other teams.  This could have been due to the numerous attempts to insert the central line as 

previously discussed for percent recurrence. 

We let variable of 𝑏𝑖𝑗
2  represents DET indicative of commitment to resilience when 

differentiating by job function during Simulations 2 and 3.  For Simulation 2, the variable ranged 
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from 17% to 56%.  Teams 2 and 3 had the greatest values of DET indicative of commitment to 

resilience (44% and 56%, respectively).  Recall that these teams chose to continue the simulation 

surgical procedure through the patient’s runs of SVT.  Teams 1 and 4 comparable had DET of 

23% and 24%, respectively.  However, they had different actions.  Team 1 chose to stop the 

procedure; Team 4 proceeded through the procedure and verbally expressed the potential 

relationship of the bovie to the runs of SVT once the procedure had ended.  Team 5 had the 

lowest DET indicative of commitment to resilience (17%).  Although this team proceeded with 

the procedure, they did not verbally communicate about the potential relationship of the bovie to 

the runs of SVT.   

For Simulation 3, 𝑏𝑖𝑗
2 , ranged from 0% to 54%.  Teams 1 and 4 both had values of DET = 

0% as these teams had limited (or no) communications that were reflective of the HRO principle 

of commitment to resilience.  (Since the utterances were limited, there was less chance of 

recurrences, thus a lower percent of DET.)  Team 5 had the greatest DET indicative of 

commitment to resilience for Simulation 3.  Recall that this team’s surgical resident requested 

the scalpel rather than the cricothyrotomy kit.   

The variable of 𝑏𝑖𝑗
3  represents the metric of DET indicative of commitment to resilience 

when differentiating by job function during Simulations 2 and 3.  All teams expressed 

communication in line with the HRO principles of deference to expertise.  During Simulation 2, 

Teams 1 and 2 had the greatest DET (61% and 65%, respectively).  Recall that Team 1 chose to 

stop the procedure while the other teams proceed through the patients’ runs of SVT.  For each 

team, except Team 3, 𝑏3𝑗
2 was greater than 𝑏2𝑗

2 .  That is, DET indicative of deference to expertise 

was greater than the DET indicative of commitment to resilience.  This suggests for most teams 

that they communicated across all levels (ideas, observations, solutions, etc.) more than 

identifying, controlling, and recovering (through communication related to feedback).  Team 3, 

on the other hand, had a greater DET for commitment to resilience than deference to expertise 

during Simulation 2.  Recall that team 3 verbally expressed the potential relationship of the bovie 

to the SVT runs.   

During Simulation 3, all teams communicated with recurrences of deference to expertise 

when differentiating job function.  For each team, except Team 5, the level of DET was greater 

indicative of deference to expertise than commitment to resilience.  Team 4 had the greater DET 

(62%).  This team had the same overall actions as Teams 1, 2, and 3.  However, recall that 𝑏34
2  = 
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0 (DET indicative of commitment to resilience for Simulation 3 Team 4).  That is, Team 4 did 

not communicate in line with the HRO principle of commitment to resilience, but had the 

greatest with deference to expertise.  Team 1 also had 𝑏31
2  = 0; however this team had the lowest 

𝑏31
2  as well.  That is, Team 1 had the lowest DET for both HRO principles of commitment to 

resilience and deference to expertise when differentiating job function.  The overall actions do 

not provide a possible explanation.  Further analysis of actions and communications may reveal 

an explanation, but is not within the scope of this research.   

Table 25: Percent DET, b1 (Job Function and Sensitivity to Operations) 

Simulation Team 1 Team 2 Team 3 Team 4 Team 5 

1 34% 29% 37% 34% 34% 

4 45% 28% 13% 42% 29% 

 
Table 26: Percent DET, b2

 (Job Function and Commitment to Resilience) 

Simulation Team 1 Team 2 Team 3 Team 4 Team 5 

2 23% 44% 56% 24% 17% 

3 0% 25% 36% 0% 54% 

 

Table 27: Percent DET, b3 (Job Function and Deference to Expertise) 

Simulation Team 1 Team 2 Team 3 Team 4 Team 5 

2 61% 65% 36% 54% 39% 

3 35% 53% 40% 62% 45% 

 

The percent communication determinism, when analyzing across job functions, are given 

in Table 28, Table 29, and Table 30.  The results show that b4
1j ranged from 83% (𝑏14

4 ) to 92% 

(𝑏13
4 ), while 𝑏4𝑗

4  ranged from 75% (𝑏43
4 ) to 96% (𝑏42

4 ).  Variable 𝑏2𝑗
4  ranged from 50% (𝑏25

5 ) to 

90% (𝑏23
5 ), while 𝑏3𝑗

5  ranged from 50% (𝑏34
5 ) to 96% (𝑏35

5 ).  Variable 𝑏2𝑗
6  ranged from 61% (𝑏24

6 ) 

to 94% (𝑏22
6 ), while 𝑏3𝑗

6  ranged from 75% (𝑏35
6 ) to 96% (𝑏31

6  and 𝑏34
6 ).  

The variable of b4
ij represents DET indicative of commitment to resilience across job 

function during Simulations 1 and 4.  During these simulations, all teams exhibited 

communication patterns reflective of the HRO principle of Sensitivity to Operations.  That is, all 

teams communicated with recognition that accidents are not the result of a single error.  Between 

the two simulations, DET increased for Teams 1 and 2, but decreased for Teams 3, 4, and 5.  

During Simulation 1, DET ranged from 83% (𝑏14
4 ) to 92% (𝑏13

4 ).  During Simulation 4, Team 4 

also had the lowest DET.  Recall that this team began Simulation 4 with the assumption that the 
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central line had been inserted.  Team 2 had the greatest DET for Simulation 4 indicative of 

sensitivity to operations (𝑏42
4  = 96%).   

The variable of 𝑏𝑖𝑗
5  represents the metric of DET indicative of commitment to resilience 

across job function during Simulations 2 and 3.  In Simulation 2, Team 3 had the greatest DET 

(𝑏23
5

 = 90%) while Team 5 had the lowest (𝑏25
5 = 50%).  Recall that Team 3 verbally 

communicated the potential relationship between the bovie and the runs of SVT.  Team 5 did not 

express the potential of the relationship during or after the procedure.   

In Simulation 3, Team 5 had the greatest DET indicative of commitment to resilience 

(𝑏35
5

 = 96%).  This team had the alternative approach of the surgical resident requesting the 

scalpel rather than the cricothyrotomy kit.  Team 4 had the lowest DET (𝑏34
5 = 50%), but team’s 

overall actions do not provide an explanation for the lower DET.   

The variable of 𝑏𝑖𝑗
6  represents the metric of DET indicative of deference to expertise 

across job function during Simulations 2 and 3.  For Simulation 2, Team 2 had the greatest DET 

(𝑏22
6  = 94%).  Recall that this team verbally communicated the potential relationship of the bovie 

to the runs of SVT.  Team 4 remarked that the patient did not tolerate the bovie after the 

gallbladder was removed and had the lowest DET indicative of deference to expertise.   

For Simulation 3, Teams 1 and 4 had the greatest DET indicative of deference to 

expertise (𝑏31
6  = 96%, 𝑏34

6
 = 96%).  Both of these teams verbally requested the cricothyrotomy 

kit.  Team 5, however, requested a scalpel instead and had the lowest DET (𝑏35
6  = 75%).  

However, recall that this team had the greatest DET indicative of commitment to resilience (𝑏35
5 ).  

Likewise, Team 4, which had the greatest 𝑏𝑖𝑗
6  had the lowest 𝑏𝑖𝑗

5 .  So as with the previous 

metrics, DET for across job functions also tends to have an inverse relationship between percent 

recurrence indicative of commitment to resilience and percent recurrence with indicative of 

deference to expertise, although it is not as strong as other metrics.   

In summary of percent communication determinism (DET) the metrics varied in value, as 

well as conclusion between differentiating job function and across job functions.  For 

communications indicative of commitment to resilience for Simulation 2 and for Simulation 3, 

Team 2 had the greatest DET when differentiating job function, but Team 3 had the greatest 

across job function.  This suggests that when considering the job function and the relative HRO 

principle, Team 2 had the most recurring communication patterns relative to the number of 
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reoccurrences.  However, Team 5 had the greatest DET when considering only the HRO 

principles, regardless of the job function of the speaker.  In both cases, the teams used instructive 

and constructive feedback along with knowledge pertaining to individuals’ roles to identify, 

control, and recover from the complications of unexpected runs of SVT and closed vocal chords 

during intubation.   

Table 28: Percent DET, b4 (Sensitivity to Operations) 

Simulation Team 1 Team 2 Team 3 Team 4 Team 5 

1 88% 87% 92% 83% 84% 

4 93% 96% 84% 75% 81% 
 

Table 29: Percent DET, b5 (Commitment to Resilience) 

Simulation Team 1 Team 2 Team 3 Team 4 Team 5 

2 72% 79% 90% 76% 50% 

3 67% 70% 72% 50% 96% 

 

Table 30: Percent DET, b6 (Deference to Expertise) 

Simulation Team 1 Team 2 Team 3 Team 4 Team 5 

2 80% 94% 88% 61% 86% 

3 96% 93% 86% 96% 75% 

 

For DET indicative of deference to expertise, for both differentiating and across job 

functions, Team 2 had the greatest DET during Simulation 2.  For Simulation 3, Team 4 had the 

highest DET when differentiating job function.  Teams 1 and 4 had the same DET across job 

function.  Based on the metrics, these two teams encouraged communication from all levels 

while working to resolve the complication.  The team communicated ideas, observations, and 

opinions.  They addressed ambiguity and offered solutions for the complications of unexpected 

runs of SVT and closed vocal chords within the simulated surgical scenarios 2 and 3, 

respectively.   

For Simulation 4, Team 1 had the greatest DET differentiating job function, while Team 

2 had the greatest DET across job function.  The teams’ communications reflected the 

recognition that accidents are not the result of a single error.  The teams exhibited this by 

exchanging information, acknowledging receipt, confirming understand, and alerting team 

members to latent errors.   
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Conceptual Recurrence Plots 

With the RQA complete, the conceptual recurrence plots were generated.  The 

transcriptions were entered into the software Discursis.  Figure 7 includes examples of the 

Conceptual RPs for Simulation 3 for Teams 3 and 5 and Figure 8 includes examples for 

Simulation 4 for Teams 1 and 2. As no utterances were excluded from the transcription, there is a 

clear main diagonal with blocks colored by speaker and proportionally sized.  Engagement 

blocks are also shown in the examples.  

 

  
Figure 7: Conceptual RPs for Simulation 3 for Teams 3 and 5 

 

  
Figure 8: Conceptual RPs for Simulation 4 for Teams 1 and 2 
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Accommodation 

Recall that the conceptual recurrence metric of accommodation, 𝑐𝑖𝑗, is the degree to 

which a speaking person accommodates the immediately previous speaking person's utterance.  

It is a measure of immediate topic repetition and we anticipate that it will reflect the HRO 

principle of sensitivity to operations.  The communication events were analyzed in the software 

Discursis to determine the values of the metric accommodation for Simulations 1 and 4 for all 

five teams.  As Simulation 1 did not include a complication, the metric of accommodation was 

calculated by taking the average of the metric over the entire simulation.  As Simulation 4 

included a complication, the metric of accommodation was averaged for the utterances from the 

start of the simulation until the detection of the complication of pneumothorax.  That is, 

accommodation was averaged across the communications of detection.   

Accommodation, 𝑐𝑖𝑗, ranged from 0.007 to 0.056.  For j = {1, 2, 3, 4}, the difference of 

𝑐4𝑗 and 𝑐1𝑗was 0.001 to 0.006.  Although not formally hypothesized, this result was expected as 

both simulations focused on communication within the HRO category of anticipation 

(communication patterns prior to complications).   

For both Simulations 1 and 4, Team 4 had the lowest metric of accommodation (𝑐14  = 

0.007 and 𝑐44= 0.008).  Team 2 had the greatest level of accommodation during Simulation 1 

(𝑐12  = 0.030) and the second greatest level of accommodation during Simulation 4 (𝑐44  = 0.008).  

Team 5’s metric of accommodation increased 0.042 from Simulation 1 (𝑐15  = 0.014) to 

Simulation 4 (𝑐45  = 0.056).  Recall that this team had trouble inserting the central line during 

Simulation 4.  The difficulty may have been the cause of the teams’ increased level of 

accommodation.  That is, the team may have increased their immediate topic repetition within 

their communications in order to overcome the difficulty of inserting the central line.  (See Table 

31.) 

For Simulation 4, 𝑐4𝑗 ranged from 0.008 (𝑐44) to 0.056 (𝑐45).  As mentioned, Team 4 had 

the lowest level of accommodation (𝑐44 = 0.008); however, this team began Simulation 4 with 

the assumption that the central line had been inserted, while the other teams had to complete the 

procedure as part of the simulation.  Team 3’s accommodation was the next lowest (𝑐43 = 0.013).  

Recall that this team attempted several times before the lines was successfully inserted.  The 

patient began coughing and the CRNA asked the patient if he was having trouble breathing.  By 

definition, accommodation is the level of immediate topic repetition and we anticipate that it will 
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reflect the HRO principle of sensitivity to operations.  This principle is within the category of 

anticipation and is focused on communications leading up to a possible complication.  Due to the 

numerous attempts and the patient’s coughing, Team 3 may have changed from anticipating a 

complication to containing a complication.  This would have changed their communication 

patterns and likely be the cause of the lowest level of the metric of accommodation.  Further 

analysis of the communication patterns may reveal that other metrics, such as engagement and 

leadership to be greater than other teams’ metrics.   

Team 2 had the second greatest level of the metric accommodation during Simulation 4 

(𝑐42 = 0.024).  Its metric is less than only after Team 5, which was discussed above.  Recall that 

during the simulation, the CRNA on Team 2 verbalized that the patient’s vitals were decreasing 

shortly after the surgical resident stated that the line had been inserted.  The chest tube kit was 

immediately requested.  These quick actions of the team through clear communications detecting 

the complication of pneumothorax could be the cause of the greater metric of accommodation.   

The metric of accommodation was anticipated to be reflective of the HRO principle of 

sensitivity to operations.  We will discuss this in detail in the General Hypotheses.  However, in 

general, we would expect teams with high levels of 𝑎𝑖𝑗
1 , 𝑎𝑖𝑗

4 , 𝑏𝑖𝑗
1 , and 𝑏𝑖𝑗

4 ,  would also have high 

levels of 𝑐𝑖𝑗. That is, teams with the greater levels of percent recurrence (𝑎𝑖𝑗
1

 and 𝑎𝑖𝑗
4 ) and of 

percent communication determinism indicative of sensitivity to operations (b1
ij and b4

ij)  to have 

greater levels of accommodation (𝑐𝑖𝑗).  For Simulation 4, Teams 1 and 2 had the greatest levels 

of percent recurrence and DET differentiating and across job functions, respectively.  However, 

Team 5 had the greatest level of accommodation.  Recall, however, that this team had trouble 

inserting the central line, the patient began to cough, and the CRNA recognized that it could be 

the start of a complication.  This could be a contributing factor for why the team has greater 

levels of immediate topic repetition, but not of greater levels of communication indicative of 

sensitivity to operations.  The CRNA’s awareness of the potential complication could have sent 

the team in communications patterns that were more indicative of HRO principles of 

containment, even more the complication of pneumothorax as verbally detected.  In other words, 

it does not appear that a higher level of communications indicative of sensitivity to operations is 

associated with higher levels of the accommodation metric.  However, the correlation coefficient 

analysis of General Hypotheses 1 and 4 will reveal more information. 
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Table 31: Accommodation, cij 

Simulation Team 1 Team 2 Team 3 Team 4 Team 5 

1 0.020 0.030 0.015 0.007 0.014 

4 0.019 0.024 0.013 0.008 0.056 

 

In summary of accommodation, Teams 2 and 5 had greater levels of topic immediate 

repetition during Simulations 1 and 4, respectively.  That is, the teams had a higher-level 

immediate topic repetition.  For instance, Team 5 reflected this by recognizing the cough as the 

potential start of pneumothorax.  The speaking teams members tended to accommodate the 

immediately previous speaking teammate’s utterance at a greater level that the other teams.  

However, it does not appear that accommodation is reflective of the HRO principle of sensitivity 

to operations.  The correlation coefficient analysis of General Hypotheses 1 and 4 will reveal 

more information.  

Engagement 

The conceptual recurrence metric of engagement, 𝑑𝑖𝑗, is the degree of how well the 

current utterance engages with concepts suggested by other speakers.  This metric measures the 

level of topic consistency with others.  It is anticipated that the metric of engagement will be 

reflective of the HRO principle of commitment to resilience.  For this metric, the communication 

events of Simulations 2 and 3 were analyzed between the detection of the complication until the 

resolution of the complication.  Overall, 𝑑𝑖𝑗 ranged from 0.003 (𝑑23) to 0.029 (𝑑31), with 𝑑3𝑗  > 

𝑑2𝑗.  That is, each team had a greater level of engagement during Simulation 3 than in 

Simulation 2.  Simulation 2 had an obscure resolution, so although not formally hypothesized, 

we would have expected a higher level of engagement during this simulation as the team 

discussed and decided upon the best resolution.  However, our data shows that Simulation 3 – 

with the obvious resolution – resulted in greater levels of engagement.  That is, overall the teams 

reflected higher levels of the engagement metric during the complication with an obvious 

resolution than the obscure resolution. 

For Simulation 2, 𝑑2𝑗 for i = {2, 3, 4, 5} ranged form 0.03 (𝑑23) to 0.006 (𝑑25) with 𝑑21 

= 0.015.  Recall that Team 1 did not progress with the surgery, but rather, after a couple attempts 

to continue, decided to stop the procedure when the patient continued to go into SVT.  Before 

this decision, the surgical resident communicated with the CRNA and other team members.  This 

process is reflected in the metric has a greater value for engagement.  The other four teams 
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proceeded with the procedure through the runs of SVT.  Teams 2 and 3 verbally communicated 

the possible relationship of the bovie with the runs of SVT.  Team 4 expressed, after the 

procedure that the patient did not like the bovie, while Team 5 did not verbally express the 

potential relationship. 

For Simulation 3, 𝑑3𝑗 averaged 0.016 and ranged from 0.010 (𝑑34) to 0.029 (𝑑31).  As 

𝑑21 was the greatest, so 𝑑31was the greatest.  However, during this simulation Team 1 did not 

take an alternate approach in Simulation 3 than the other teams.  Teams 1, 2, 3, and 4 all verbally 

expressed the complication of closed vocal chords inhibiting intubation.  The four teams all tried 

alternate approaches and then verbally requested a cricothyrotomy kit, which was successfully 

used to resolve the complication.  A more thorough analysis of the teams’ actions and metrics for 

communication events may explain why Team 1 had a greater metric of engagement.  

Furthermore, although Team 5 did take an alternate approach – to cut the patient’s throat with a 

scalpel before the cricothyrotomy kit was ready – the engagement was the same was Team 4’s 

engagement.  (See Table 32.) 

Table 32: Engagement, dij 

Simulation Team 1 Team 2 Team 3 Team 4 Team 5 

2 0.015 0.005 0.003 0.004 0.006 

3 0.029 0.013 0.019 0.010 0.010 

 

Recall that we anticipated the metric of engagement to be reflective of the HRO principle 

of commitment to resilience.  In other words, we would have expected the teams with the 

greatest levels of percent recurrence and DET indicative of commitment to resilience to have the 

greatest levels of engagement as well.  For Simulation 2, Team 3 had the greatest levels of both 

percent recurrence and DET.  For Simulation 3, Team 3 had the greatest levels of percent 

recurrence and Team 5 had the greatest levels of DET.  However, the conceptual recurrence 

analysis found that Team 1 had the greatest levels of the metric of engagement.  In fact, Team 1 

had the some of the lowest percent recurrence and DET levels.  Similarly, Teams 3 and 5 had the 

lowest levels of engagement for Simulations 2 and 3 – opposite of what we expected.  Therefore, 

the metric of engagement is not likely to be reflective of the HRO principle of commitment to 

resilience.  A further analysis will be conducted in General Hypothesis 5 in the correlation 

coefficient analysis of the metrics to the time to resolve the complications.  

In summary of the metric of engagement, Team 1 exhibited greater levels of topic 

consistency with others, in both Simulation 2 and 3.  While the Team 1 took an alternative 
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approach (stopping the procedure) during Simulation 2, the team did not take different actions 

than the other teams in Simulation 3.  Overall, the teams exhibited higher levels of the 

engagement metric during the complication with an obvious resolution than the obscure 

resolution.  The metric of engagement, however, is not likely to be reflective of the HRO 

principle of commitment to resilience.  This will be discussed further in General Hypothesis 5.  

Leadership 

The metric of leadership, 𝑒𝑖𝑗, is the degree to which a speaking person expressed a new 

concept that was subsequently repeated by one or more other persons.  Leadership measures 

topic introduction and is anticipated to be reflective of the HRO principle of deference to 

expertise.  For this metric, as with engagement, the communication events of Simulations 2 and 3 

were analyzed between the detection of the complication until the resolution of the complication.  

Overall, eij averaged 0.013 and ranged from 0.002 (𝑒23) to 0.039 (𝑒31), with 𝑒3𝑗  > 𝑒2𝑗for all j.  

That is, for each team the level of leadership was greater in Simulation 3 than Simulation 2.  (See 

Table 33.) 

For Simulation 2, 𝑒2𝑗 averaged 0.007 and ranged from 0.002 (𝑒23)  to 0.016 (𝑒21).  As 

was the case with the metric of engagement, Team 1 had the greatest level of leadership and 

Team 3 had the lowest level.  As previously discussed for engagement, the surgical resident in 

Team 1 was not comfortable progressing with the procedure due to the runs of SVT.  The 

procedure was stopped.  Team 3 did proceed with the procedure and was one of the teams (along 

with Team 2) who verbally communicated the possible relationship of the bovie with the runs of 

SVT.  Based on the values of this metric, Team 1, which ended the procedure, had greater levels 

of leadership than Team 3, which continued the procedure through a complication.   

For Simulation 3, 𝑒3𝑗 averaged 0.019 and ranged from 0.010 (𝑒34) to 0.039 (𝑒31).  Team 

1 had the greatest level of the metric of leadership while Teams 2 and 5 tied for the next to 

lowest levels of 𝑒3𝑗.  Although 𝑒31 and 𝑒32 suggests different actions, both Teams 1 and 2 

verbally requested and used the cricothyrotomy kit to resolve the complication.  Team 5 had the 

alternate approach of using a scalpel to cricothyrotomy the patient.  However, Teams 2 and 5 had 

the same metric of leadership. 

Recall that we anticipated the metric of leadership to be reflective of the HRO principle 

of deference to expertise.  In other words, we would have expected the teams with the greatest 
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levels of percent recurrence and DET indicative of deference to expertise to have the greatest 

levels of leadership as well.  For Simulation 2, Team 3 had the greatest levels of both percent 

recurrence and Team 2 had the greatest levels of DET.  For Simulation 3, Team 1 had the 

greatest levels of percent recurrence, Team 4 tied for the greatest levels of DET differentiating 

job functions, and Teams 1 and 4 tied for greatest DET across job function.  However, the 

conceptual recurrence analysis found that Team 1 had the greatest levels of the metric of 

leadership.  The only matching cases, therefore, were for Simulation 3 during which Team 1 had 

the greatest metric of leadership, percent recurrence, and DET for across job function.  

Therefore, the metric of leadership is not likely to be reflective of the HRO principle of 

commitment to resilience during Simulation 2 – a complication with an obscure resolution.  It 

may be reflective during Simulation 3 – a complication with an obvious resolution.  A further 

analysis will be conducted in General Hypothesis 6 in the correlation coefficient analysis of the 

metrics to the time to resolve the complications. 

Table 33: Leadership, eij 

Simulation Team 1 Team 2 Team 3 Team 4 Team 5 

2 0.016 0.005 0.002 0.004 0.007 

3 0.039 0.012 0.023 0.010 0.012 

 

In summary of the metric of leadership, Team 1 exhibited greater levels leadership.  That 

is, the team members had a higher level of topic introduction.  While Team 1 had an alternate 

approach during Simulation 2 than the other teams, it did not have an alternate approach during 

Simulation 3.  As with the metric of engagement, each team had a greater level of leadership in 

Simulation 3 than in Simulation 2.  Therefore, the metric of leadership is not likely to be 

reflective of the HRO principle of commitment to resilience during Simulation 2 – a 

complication with an obscure resolution.  It may be reflective during Simulation 3 – a 

complication with an obvious resolution.  Further analysis in General Hypothesis 6 will reveal 

more information.  

The raw data for each metric – time, percent recurrence, communication determinism, 

accommodation, engagement, and leadership – have been presented.  We discussed the overall 

findings, as well as compared and contrasted the values of the metrics to the teams’ actions 

during the simulated surgical scenarios.  The potential for the conceptual metrics to be reflective 

of the communications indicative of HRO principles was also discussed.  The next section will 
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present and discuss the potential relationships between each of the metrics with the response 

variable of time as predicted by the six general hypotheses.  

General Hypothesis 1 – Sensitivity to Operations 

Recall that General Hypothesis 1 states that surgical teams will detect surgical 

complications in less time when they exhibit temporal communication demonstrating sensitivity 

to operations.  For transcription subset k {1, 4}, simulation i  {1, 4}, and team j {1, 2, 3, 4, 

5}, we let 

�̂�𝑖𝑗
𝑘

 = Spearman’s correlation coefficient of 𝑎𝑖𝑗 
𝑘

 to 𝑦4𝑗  

�̌�𝑖𝑗
𝑘  = Spearman’s correlation coefficient of 𝑏𝑖𝑗 

𝑘
 to 𝑦4𝑗  

 

Table 34 presents the eight correlations that were analyzed for General Hypothesis 1.  The 

specific hypotheses are that each of these correlations will be negative: �̂�𝑖𝑗
𝑘

 < 0 and �̌�𝑖𝑗
𝑘  < 0. That 

is, the greater the metrics, the less time the team will need to detect the simulated surgical 

complications. 

Table 34: Correlation Coefficient Notation, r̂k
íj and řk

ij 

𝒚𝒊𝒋  𝒂𝒊𝒋 
𝒌  𝒃𝒊𝒋 

𝒌  

𝒚𝟒𝒋  
�̂�1𝑗

1
 

�̂�4𝑗
1  

�̂�1𝑗
4

 

�̂�4𝑗
4  

�̌�1𝑗
1

 

�̌�4𝑗
1  

�̌�1𝑗
4

 

�̌�4𝑗
4  

 

Specifically, we analyzed the RQA metrics of percent recurrence (𝑎𝑖𝑗
𝑘 ) and percent 

communication determinism (𝑏𝑖𝑗 
𝑘 ) for communications coded according to the HRO principle of 

sensitivity to operations.  We analyzed the correlations between each of the two metrics and the 

time to detect surgical complications, where time was defined as the elapsed time (in seconds) 

between the start of the complication and when a team member verbalized detection (𝑦𝟒𝑗).  

Recall that sensitivity to operations is recognizing that accidents are not the result of a 

single error.  When a team exhibits sensitivity to operations, their communication includes 

events such as exchanging information, acknowledging receipt, confirming correct 

understanding, and alerting other members to latent errors (Weick and Sutcliffe 2007, Wilson et 

al 2005).  (See Table 35.)  These communication events are completed as acts of anticipation – to 

help prevent errors.  The goal was to determine if the recurrences of the communication events 
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related to sensitivity to operations were correlated to the time for the team to detect the 

complication. 

Table 35: Summary of HRO Principle of Sensitivity to Operations 

HRO Principle Brief Explanation Communication Event 

Sensitivity to 

Operations 

Recognize that accidents 
are not the result of 1 

error 

Exchanges information 

Acknowledges receipt 

Confirms correct understanding 

Alerts member to latent error 

 

More precisely, for communication patterns indicative of sensitivity to operations, we 

hypothesized negative linear correlations between the time to detect a non-obvious complication 

and the metrics of percent recurrence and of percent communication determinism.  We 

investigated cases differentiating by and across speakers (job functions) during Simulations 1 

and 4.  Simulation 1 was the normal scenario – no planned complication.  As Table 36 shows �̂�1𝑗
1

, 

�̂�1𝑗
4

, and �̌�1𝑗
1 were negative.  These relationships were of low, moderate, and high strength, 

respectively.  On the other hand, �̌�1𝑗
4 was positive and of negligible strength.  Simulation 4 

introduced the complication of pneumothorax.  As the table shows, �̂�4𝑗
1 , �̂�4𝑗

4 , and �̌�4𝑗
4 were positive 

correlation coefficients.  While �̂�4𝑗
1 was of moderate strength, the latter two were perfect 

correlations.  On the other hand, �̌�4𝑗
1  = 0.00 signifying no monotonic correlation.  

Table 36: Correlation Coefficients for General Hypothesis 1 

𝒚𝒊𝒋 𝒂𝒊𝒋 
𝒌  𝒃𝒊𝒋 

𝒌  

y4j 

 

�̂�1𝑗
1  = -0.40 

�̂�4𝑗
1  = 0.60 

�̂�1𝑗
4  = -0.60 

�̂�4𝑗
4  = 1.00 

�̌�1𝑗 
1 = -0.80 

�̌�4𝑗
1  = 0.00 

�̌�1𝑗 
4 = 0.20 

�̌�4𝑗
4  = 1.00 

 

In general, as time (𝑦𝟒𝑗) increased, the metrics of percent recurrence (𝑎𝑖𝑗 
𝑘 ) and percent 

determinism (𝑏𝑖𝑗 
𝑘 ) decreased.  In other words, as the time increased, the reoccurrences of 

communication events indicative of sensitivity to operations – exchanging information, 

acknowledging receipt, confirming correct understanding, and alerting team members to latent 

error – were less likely to reoccur as single events (thus a negative percent recurrence) and as 

patterns (thus a negative DET).   

Note that �̂�1𝑗
1  = -0.40 and �̌�1𝑗 

1
 = -0.80 were both negative monotonic correlations.  That is, 

when differentiating job function (specifying both HRO principle and job function of the team) 
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for Simulation 1, there was a negative correlation for both percent recurrence and for DET.  

While the correlation’s strength was low for percent recurrence, it was high for DET.  This 

suggests that while teams with repetitive communication events may to detect the complication 

is less time, the team’s repetitive patterns have the greater association with time.  That is, single 

reoccurring communication events may reflect a lower detection time, but reoccurring 

communication patterns are strongly associated with lower detection time.   

However, �̂�1𝑗
4

 = -0.60 and �̌�1𝑗 
4

 = 0.20 had opposite signs.  That is, when analyzing across 

job function for Simulation 1, there was a moderate negative correlation between percent 

recurrence and time, while DET and time had a low positive correlation.  This suggests, as with 

differentiating job function, that teams with repetitive communication events tend to detect the 

complication is less time.  However, unlike differentiating complications, teams with repetitive 

communication patterns tended to require more time to detect the complications.  However, this 

specific correlation was of negligible strength (�̌�1𝑗
1  = 0.20).  For Simulation 1, therefore, our 

hypothesis was generally supported – surgical teams that detected surgical complications in less 

time exhibited temporal communication demonstrating sensitivity to operations. 

Simulation 4 contained a complication – pneumothorax caused by the insertion of the 

central line.  However, only the communications leading up to the detection of the complication 

were considered in our analysis; we wanted to focus on the anticipation of the complication.  For 

this simulation, the three of the four correlations were positive (�̂�4𝑗
1 , �̂�4𝑗

4 , and �̌�4𝑗
4 ); percent 

recurrence and percent determinism increased as time increased (with only the exception ř 14j, 

percent determinism differentiating job function).  This does not support our hypothesis, as we 

expected negative correlations. 

Note that �̂�4𝑗
1  = 0.60, but �̌�4𝑗

1 ); = 0.00.  When differentiating job function in Simulation 4, 

there was a moderate correlation for percent recurrence to detection time (�̂�4𝑗
4

 = 0.60), but no 

correlation for DET to time (�̌�4𝑗
1

 = 0.00).  This suggests reoccurring communication events are 

moderately associated with the time to detect, but reoccurring communication patterns are not 

associated.  When analyzing across job function, the percent recurrence and DET had perfect 

correlations to detection time.  That is, the teams with greater times also had greater levels of 

percent recurrence and DET.  (See Figure 13 and Figure 14.) 
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Recall that we hypothesized for the correlations to be negative.  That is, we expected that 

teams with greater communication event and pattern reoccurrences reflective of sensitivity to 

operations would detect the complications in less time.  The data supports the opposite: team 

with less communication event and pattern reoccurrences reflective of sensitivity to operations 

detected the complication in less time.  As Simulation 4 presented, there was potential that their 

communications began to change to reflect HRO principles (such as commitment to resilience 

and deference to expertise) before the complication was verbally detected.  That is, perhaps the 

team began to exhibit more awareness and communicate ideas, observations, and feedback 

before the complication was announced.  The insertion of a central line is known for the potential 

complication of pneumothorax.  The simple act of completing the insertion could have made the 

team more aware that complications can occur and that they must continue to communication 

with all level of expertise.  Each communication event was only coded for a single HRO 

principle, so if the teams reflected other HRO principles, then that would be not be reflected in 

the analysis for sensitivity to operations.  Further analysis of the communications would be 

necessary to confirm if the communications were reflective of other HRO principles, rather than 

sensitivity to operations.   

In summary of General Hypothesis 1, while our hypothesis was supported for Simulation 

1, it was not supported for Simulation 4.  The correlations in Simulation 1 suggested a negative 

correlation between the metrics in relation to sensitivity to operations and time, while Simulation 

4 had positive correlations.  We discussed the potential of the complication caused changes in the 

communication before the complication was verbally announced.  Overall, however, the data 

suggests that the reoccurring communication patterns have a stronger association with time than 

the reoccurring communication events.   

General Hypothesis 2 – Commitment to Resilience 

Recall that General Hypothesis 2 states that surgical teams that exhibit temporal 

communication patterns demonstrating commitment to resilience resolve surgical complications 

in less time.  For transcription subset k {1, 2, 3, 4, 5, 6}, simulation i  {1, 2, 3, 4}, and team j 

{1, 2, 3, 4, 5}, we let 

�̃�𝑖𝑗
𝑘  = Spearman’s correlation coefficient of 𝑎𝑖𝑗 

𝑘
 to 𝑦𝑖𝑗  

�̆�𝑖𝑗
𝑘= Spearman’s correlation coefficient of 𝑏𝑖𝑗 

𝑘
 to 𝑦𝑖𝑗  
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Table 37 presents the eight correlations that were analyzed.  The specific hypotheses are 

that each of these correlations will be negative: �̃�𝑖𝑗
𝑘< 0 and �̆�𝑖𝑗

𝑘  < 0.  That is, the greater these 

metrics, the less time the team will need to resolve the simulated surgical complications.  

Table 37: Correlation Coefficient Notation for General Hypothesis 2 

𝒚𝒊𝒋 𝒂𝒊𝒋 
𝒌  𝒃𝒊𝒋 

𝒌  

𝒚𝟐𝒋 

𝒚𝟑𝒋 

�̃�2𝑗
2  �̃�2𝑗

5  �̆�2𝑗
2  �̆�2𝑗

5  

�̃�3𝑗
2  �̃�3𝑗

5  �̆�3𝑗
2  �̆�3𝑗

5  

 
 

As with General Hypothesis 1, we analyzed the RQA metrics of percent recurrence and 

percent communication determinism for communications, but now coded according the HRO 

principle of commitment to resilience.  We examined the correlations of the metrics and the time 

to resolve surgical complications.  (See Table 37.)  The response variables were the elapsed time 

in seconds (𝑦2𝑗  and 𝑦3𝑗) between the verbalized detection and complication resolution.  We 

hypothesized negative linear correlations between the time taken to resolve a complication and 

the metrics of percent recurrence and of percent determinism.  We analyzed the correlations of 

the metrics from Simulations 2 and 3 differentiating by and across speakers (job functions).  Our 

hypothesis was supported for Simulation 2, but not supported for Simulation 3 (See Table 41.)  

Table 38: Correlation Coefficients for General Hypothesis 2 

𝒚𝒊𝒋 𝒂𝒊𝒋 
𝒌  𝒃𝒊𝒋 

𝒌  

y2j 

 
y3j 

 

�̃�2𝑗
2 = -0.80 �̃�2𝑗

5
 = -0.80 �̆�2𝑗

2  = -0.80 �̆�2𝑗
5 = -0.80 

�̃�3𝑗
2 = 0.30 �̃�3𝑗

5 = 0.30 �̆�3𝑗
2 = -0.10 �̆�3𝑗

5  == 0.30 

 

For Simulation 2, all four correlation coefficients – �̃�2𝑗
2 , �̃�2𝑗

5
, �̆�2𝑗

2
, and �̆�2𝑗

5  – were of high 

negative strength, all being equal to -0.08.  (See Figure 15, Figure 16, Figure 17, and  

Figure 18 for the scatterplots of each.)  This supports our hypothesis for Simulation 2.  

Teams with communication reoccurrences and patterns aligned with the principle of commitment 

to resilience resolved the complication of SVT runs (from the bovie) in less time.  That is, teams 

resolved the complication with an obscure resolution in less time when their communications 

involved instructive or constructive feedback while sharing knowledge pertaining to individuals’ 

roles.  They focused on identifying, controlling, and recovering from errors.  (See Table 39.)  

(Weick and Sutcliffe 2007, Wilson et al 2005) 
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Table 39: Summary of HRO Principle of Commitment to Resilience  

HRO Principle Brief Explanation Communication Event 

Commitment to 

Resilience 

Identify, control, 

and recover from 

errors 

Gives task instructive feedback (offers help) 

Seeks task instructive feedback (asks for help) 

Receives task instructive feedback (accepts help) 

Provides timely (immediate) constructive feedback 

Shares knowledge pertaining to individuals’ roles 

 

While communications during the complication with an obscure resolution showed 

negative correlations to time, communication during the complication with an obvious resolution 

showed mixed findings.  One correlation was negative (�̆�3𝑗
2  = -0.10), while three correlations 

were positive (�̃�3𝑗
2  = 0.30, �̃�3𝑗

5  = 0.30 and �̆�3𝑗
5

 = 0.30).  Three of the correlations were of low 

strength (�̃�3𝑗
2 , �̃�3𝑗

5 , and �̆�3𝑗
5 ) while one of negligible strength (�̆�3𝑗

2 ).   

The opposite signs of �̃�3𝑗
2  and �̆�3𝑗

2
 suggest that when differentiating job functions in 

Simulation 3 the teams resolved the complication in less time when they had a greater recurrence 

rate, but a lower DET for communications indicative of commitment to resilience.  That is, they 

had a lower resolution time when they had greater reoccurrences of communication events but 

fewer reoccurrences of communication patterns. However, due to the low and negligible 

strengths of the correlations this is not a strong conclusion.  

The positive correlations of �̃�3𝑗
5  and �̆�3𝑗

2  suggest that when analyzing across job functions 

in Simulation 3 the teams that had greater reoccurrences of communication events and patterns 

indicative of commitment to resilience took longer to resolve the complication.  However, both 

these correlations are of low strength, so again a strong conclusion cannot be made.  

Recall that Teams 1 and 4 had few communications that were reflective of the principle 

of commitment to resilience.  This resulted in 𝑏𝑖𝑗 
𝑘  = 0% for these two teams.  However, these 

teams had the greatest (Team 4) and the lowest (Team 1) times to resolve the complication.  

Furthermore, Team 5 had the greatest DET (54%) and took an alternate approach to resolving the 

complication by requesting a scalpel instead of a cricothyrotomy kit.  Given the various actions 

and communications patterns, as well as the low and negligible strength of the correlations, a 

conclusion of positive correlations between the metrics of percent recurrence and DET to time 

cannot be supported for complications with obvious resolutions.  
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In summary of General Hypothesis 2, based on the correlations we found that teams 

resolved complications with obscure resolutions in less time when they had more reoccurrences 

of communication events and patterns reflective of commitment to resilience.  On the other hand, 

teams resolved obvious complications in less time when they had less reoccurrences of 

communication events and patterns reflective of the commitment to resilience.  While the 

correlation coefficients for the complication with the obscure resolution (Simulation 2) were of 

high strength, the correlations for the complication with an obvious resolution (Simulation 3) 

were of low and negligible strength.  Therefore, teams which resolved the complication with an 

obscure resolution in less time when their communications involved instructive or constructive 

feedback while sharing knowledge pertaining to individuals’ roles.  They focused on identifying, 

controlling, and recovering from errors.   

General Hypothesis 3 – Deference to Expertise 

Recall that the General Hypothesis 3 states that surgical teams that exhibit temporal 

patterns of communication demonstrating deference to expertise resolve surgical complications 

in less time.  For transcription subset k {1, 2, 3, 4, 5, 6}, simulation i  {1, 2, 3, 4}, and team j 

{1, 2, 3, 4, 5}, we let 

�̃�𝑖𝑗
𝑘  = Spearman’s correlation coefficient of 𝑎𝑖𝑗 

𝑘
 to 𝑦𝑖𝑗  

�̆�𝑖𝑗
𝑘  = Spearman’s correlation coefficient of 𝑏𝑖𝑗 

𝑘
 to 𝑦𝑖𝑗  

Table 40 presents the eight correlations that were analyzed.  The specific hypotheses are 

that each of these correlations will be negative: �̃�𝑖𝑗
𝑘  < 0 and �̆�𝑖𝑗

𝑘  < 0.  That is, the greater these 

metrics, the less time the team will need to resolve the simulated surgical complications.  

Table 40: Correlation Coefficient Notation for General Hypothesis 3 

𝒚𝒊𝒋 𝒂𝒊𝒋 
𝒌  𝒃𝒊𝒋 

𝒌  

𝒚𝟐𝒋 

𝒚𝟑𝒋 

�̃�2𝑗
3  �̃�2𝑗

6  �̆�2𝑗
3  �̆�2𝑗

6  

�̃�3𝑗
3  �̃�3𝑗

6  �̆�3𝑗
3  �̆�3𝑗

6  

 

Therefore, for this hypothesis we analyzed the RQA metrics for communications coded 

according the HRO principle of deference to expertise for a correlation to the time to resolve 

surgical complications.  As with General Hypotheses 1 and 2, we analyzed the RQA metrics of 

percent recurrence and percent determinism.  The response variable was time, specifically the 
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elapsed time (in seconds) between the verbalized detection and complication resolution.  Eight 

correlation coefficients were analyzed.  

For communication patterns indicative of deference to expertise, we hypothesized 

negative correlations to resolution time.  As with previous hypotheses, we analyzed the 

correlations of the metrics from Simulations 2 and 3 differentiating by and across job functions 

(speakers).  Correlations �̃�2𝑗
3  = 0.44 and �̃�2𝑗

6  = 0.10 were positive, however �̆�2𝑗
3 = -0.40 and �̆�2𝑗

6  = -

0.70 were negative. On the other hand, �̃�3𝑗
3 = 0.00 and �̆�3𝑗

3 = 0.70 were positive while �̃�3𝑗
6 = -0.04 

and �̆�3𝑗
6 = -0.10.  That is to say that for Simulation 2 the correlations were positive for percent 

recurrence, but negative for DET.  For Simulation 3, the correlations were positive when 

differentiating by job function, but negative for across job function.  (See Table 41.)  This 

suggests that resolution time of a complication with an obscure complication was more 

dependent on repetition of communication patterns than single events, while resolution time of a 

complication with an obvious resolution is more dependent on if the analysis includes the job 

function and HRO principle.  

 
Table 41: Correlation Coefficients for General Hypothesis 3 

𝒚𝒊𝒋 𝒂𝒊𝒋 
𝒌  𝒃𝒊𝒋 

𝒌  

𝒚𝟐𝒋 

𝒚𝟑𝒋 

�̃�2𝑗
3 = 0.44 �̃�2𝑗

6  = 0.10 �̆�2𝑗
3 = -0.40 �̆�2𝑗

6 = -0.70 

�̃�3𝑗
3 = 0.00 �̃�3𝑗

6 = -0.04 �̆�3𝑗
3 = 0.70 �̆�3𝑗

6 = -0.10 

 

In Simulation 2, the patient went into SVT causing an obscure resolution.  The team 

could stop the surgery, administer medication, not take action, or other options.  For this 

simulation, the correlations were positive for percent recurrence (�̃�2𝑗
3  = 0.44 and �̃�2𝑗

6  = 0.10), but 

negative for DET (�̆�2𝑗
3 =  -0.40 and �̆�3𝑗

6  = -0.70).  That is, teams with greater repetition of 

communication events took longer to resolve the complication with an obscure resolution while 

teams with higher repetition of communication patterns, resolved it quicker.  However, many of 

the correlations were of negligible or low strength.  The exception was the correlation between 

DET across job function and time (�̆�2𝑗
6  = -0.70).   

This correlation – �̆�2𝑗
6  – was of high negative strength.  (See Figure 20.)  When the teams 

had greater repetitive patterns of only the HRO principle of deference to expertise, then the team 

resolved the complication in less time.  This negative correlation was evident when 
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differentiating job function – taking into account both the principle and job function.  However, 

it was much stronger for only the principle, without the limitation of job function.  This suggests 

that when presented with a complication with an obscure resolution, teams should exhibit 

communication patterns indicative of deference to expertise, regardless of who speaks.  That is, 

when presented with a complication without a clear resolution, the communications should focus 

on deference to expertise, but a repetition of job function with the principle is not necessary.   

As this particular complication was obvious – the vital signs clearly indicate SVT – but 

the resolution was not obvious – stop the surgery, administer medication, continue without 

action, or a combination – the team’s communications patterns may have changed, and not 

follow the typical routine.  In other words, with the nature of a complication with an obscure 

resolution, the communications may follow less strict patterns involving both the principle and 

job function, but they should still be indicative of the HRO principle of deference to expertise.   

Simulation 3 presented the teams with a complication of the patient’s vocal chords being 

closed preventing intubation.  Once the team determined that intubation was not possible, there 

was a clear resolution, – a cricothyrotomy was necessary.  Our hypothesis was that the 

correlation coefficients would be negative between the RQA metrics and the time to resolve this 

complication.  That is, we expected that the teams with greater recurrences of communication 

events and patterns would resolve the complication in less time.  Three of the four correlation 

coefficients were of negligible strength (�̃�3𝑗
3 =  0.00, �̃�3𝑗

6 = = -0.04, and �̆�3𝑗
6  = -0.10).  The exception 

was DET for differentiating job function (�̆�3𝑗
3  = 0.70).  

The high strength of correlation �̆�3𝑗
3  suggests the teams with repetitive communication 

patterns, which involved both the HRO principle and the job function, need more time to resolve 

the obvious complications.  The repetitive communication patterns of deference to expertise 

alone however do not correlate to the time for the team the resolve the complication.  If the team 

had repetitive communications patterns of both job functions (speakers) and deference to 

expertise, then the teams resolved the complication with an obvious resolution in more time.   

Note the near contradiction between Simulation 2 and Simulation 3.  Due to the obscure 

resolution in Simulation 2, the job function was not required to strongly correlate the RQA 

metrics indicative of deference to expertise with the resolution time.  However, during 

Simulation 3 with the obvious resolution it was necessary for a strong correlation.  This 

conclusion is not surprising as deference to expertise encourages communication from all levels.  
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Communication events that exhibit deference to expertise include communicating ideas or 

observations, stating opinion, addressing ambiguity, and offering solutions.  (See Table 42.)  

(Weick and Sutcliffe 2007, Wilson et al 2005)  During a complication with an obscure 

resolution, the team may lose routine of their communications.  In fact, it may be important to 

lose routine to determine how to approach the complication that does not have a clear resolution.  

Thus, the repetition of the job function (speaker) does not hold as much importance as the fact 

that they communications are indicative of deference to expertise.  It is more crucial that all 

levels speak up; regardless of it is “their turn.” 

  However, for a complication with a clear resolution, the team’s communications may 

remain in routine; the team – as a whole – has repetitive communications patterns indicative of 

deference of expertise and of their job function.  However, this correlates to more time to resolve 

the complication with obvious resolution, in this case.  The complication is one that team’s 

routinely see and thus they may have already have established a set of communication patterns 

for resolving such complications.  This repetition however does not correlation to a resolution in 

less time for an obvious complication.  

Table 42: Summary of HRO Principle of Deference to Expertise  

HRO Principle Brief Explanation Communication Event 

Deference to 

expertise 

Encourages communication 

from all levels 

Communicates ideas/observations  

States opinion 

Addresses ambiguity 

Offers solution 

 

In summary of General Hypothesis 3, the simulations with obvious and obscure 

resolutions had different results.  For Simulation 2 (obscure resolution), when the teams had 

greater repetitive patterns of only the HRO principle of deference to expertise, then the team 

resolved the complication in less time.  This supported our hypothesis.  However, our hypothesis 

was not support for Simulation 3 (obvious resolution).  If the team had repetitive 

communications patterns of both job functions (speakers) and deference to expertise, then the 

teams resolved the complication with an obvious resolution in more time.  This was similar to 

the results from General Hypothesis 2, which involved the HRO principle of commitment to 

resilience.  Overall, we found that in the simulations with obvious resolutions, if the team 

encouraged communication of ideas, observations, opinions, etc. from all levels, then they 

resolved the complication in less time – even if the job function did not repeat.  
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General Hypothesis 4 – Accommodation 

Recall that General Hypothesis 4 stated that surgical teams that exhibit patterns of 

communications demonstrating the metric of accommodation would detect surgical 

complications in less time.  We analyzed the correlations of the multi-participant metric of 

accommodation (𝑐𝑖𝑗) to time to detect the complication (𝑦4𝑗). This was denoted by 𝑟𝑖𝑗
𝑐 . We 

hypothesized for simulation i  {1, 4} and team j {1, 2, 3, 4, 5} for that 𝑟𝑖𝑗
𝑐  < 0. 

That is, we hypothesized that each of these correlations would be negative; the greater the 

level of accommodation, the less time for the team would anticipate (detect) the surgical 

complication.  Recall that accommodation measures immediate topic repetition and we anticipate 

that it will reflect the HRO principle of sensitivity to operations.  

We analyzed accommodation and time to detect for Simulations 1 and 4.  Recall that 

Simulation 1’s surgical scenario did not include a complication.  Simulation 4’s scenario 

included a complication, so we only analyzed the communication events up until the verbal 

detection of the complication.  Our hypothesis rested on the assumption that the communication 

events of the two simulations – the entirety of Simulation 1 and up until detection for Simulation 

4 – would be similar.  Both teams would be in the HRO anticipation category and thus should 

reflect the principle of sensitivity to operations.  We expected teams to exhibit sensitivity to 

operations through immediate repetition of communication events such as exchanging 

information, acknowledging receipt, confirming correct understanding, and alerting other 

members to latent errors (Weick and Sutcliffe 2007, Wilson et al 2005).  (See Table 43.)   

Table 43: Summary of HRO Principle of Sensitivity to Operations  

HRO Principle Brief Explanation Communication Event 

Sensitivity to 

Operations 

Recognize that accidents 

are not the result of 1 
error 

Exchanges information 

Acknowledges receipt 

Confirms correct understanding 

Alerts member to latent error 

 

We found 𝑟1𝑗
𝑐  = 1.00, a perfect positive monotonic correlation, and 𝑟4𝑗

𝑐
 = -0.20, a 

negligible negative monotonic correlation.  That is, the analysis of Simulations 1 and 4 found a 

positive correlation during the normal scenario, and a negative correlation for the scenario with a 



Texas Tech University, Amanda Baty, May 2017 

81 

 

complication2.  The high positive correlation coefficient for Simulation 1 reflects perfect 

monotonic correlation between detection time and the metric of accommodation.  (Figure 21.)  

This supports this opposite of the hypothesis.  During the simulation, teams with greater levels 

of accommodation – immediate topic repetition – had a longer detect the complication.  (See 

Table 44.)  Simulation 4 had a negative correlation between accommodation and time; however, 

it was of negligible strength.  So while 𝑟4𝑗
𝑐  supports our hypothesis, a strong conclusion for 

association between the metric accommodation and time to detect a complication cannot be 

supported.  

Table 44: Correlations of rc
ij, Accommodation to Detection Time 

Simulation Correlation Coefficient 

Simulation 1 𝑟1𝑗
𝑐   = 1.00 

Simulation 4 𝑟4𝑗
𝑐   = - 0.20 

 

Although we anticipated them to similar, the correlations of accommodation to detection 

time suggest that the communication events during Simulations 1 and 4 were different.  Similar 

to our discussion for General Hypothesis 1, the teams could have increased the level of 

accommodation during Simulation 4, even prior to the verbal detection of the complication.  The 

teams’ awareness of potential complication due to the known higher risk of central line insertion 

could have been a factor.  Simulation 1 may not have increased accommodation, as it was a 

different surgical scenario and a more traditional case.  The team was not inserting a central line, 

but was beginning the surgical scenario with the typical intubation of the patient.  As Simulation 

4 presented the teams with a complication, there was potential that their communications 

changed to reflect other conceptual metrics (such as engagement or leadership) prior to the 

verbal detection of the complication.   

Recall in General Hypothesis 1 that Simulation 1 had negative correlations of percent 

recurrence and DET indicative of sensitivity to operations.  The teams with greater 

reoccurrences of communication events and patterns indicative of sensitivity to operations 

required less detection time.  This was supportive of the specific hypothesis for General 

Hypothesis 1.  Our analysis for General Hypothesis 4, however, found a positive correlation – 

                                                

 

2 We removed Team 4’s Simulation 4 data, as this team did not insert the central line due to time 

constraints.  Therefore, it was not appropriate to use this team’s data in the analysis. 
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teams with lower levels of accommodation required less detection time.  We anticipated 

accommodation to be reflective of sensitivity to operations, so we would have expected similar 

results.  Therefore, for Simulation 1 the metric of accommodation is not directly reflective of the 

HRO principles of sensitivity to operations.  

Likewise, in General Hypothesis 1, Simulation 4 had positive correlations of percent 

recurrence and DET indicative of sensitivity to operations.  The teams with greater 

reoccurrences of communication events and patterns indicative of sensitivity to operations 

required more detection time.  This was not supportive of the specific hypothesis for General 

Hypothesis 1.  This analysis for General Hypothesis 4, however, found a negative correlation – 

teams with greater levels of accommodation required less detection time.  While this supported 

the specific hypothesis, the correlation strength was negligible.  Based on the conflicting 

conclusions, the metric of accommodation is not directly reflective of the HRO principles of 

sensitivity to operations for Simulation 4.  While the metrics of percent recurrence and DET – 

for communications coded for sensitivity to operations – decreased as time decreased, the metric 

of accommodation increased as time decreased.   

In summary of General Hypothesis 4, our hypothesis was not supported for Simulation 1, 

but was supported for Simulation 4.  Simulation 1 had a positive correlation between 

accommodation and detection time, while Simulation 4 had a negative correlation.  The positive 

correlation was perfect; however, the negative correlation was negligible.  We discussed the 

potential of the known risk of inserting a central line to have caused changes in the 

communication events and patterns before the complication was verbally announced.  The data 

also concludes that the metric of accommodation is not directly reflective of the HRO principle 

of sensitivity to operations.  

General Hypothesis 5 – Engagement  

Recall that General Hypothesis 5 states that surgical teams that exhibit temporal patterns 

of communication demonstrating the metric of engagement resolve surgical complications in less 

time.  We examined the correlations of the conceptual recurrence engagement metric and the 

time to resolve surgical complications.  The response variable was the elapsed time (in seconds) 

between the verbalized detection and complication resolution.  Specifically, we analyzed the 

correlations of the multi-participant metric of engagement (𝑑𝑖𝑗) to time to detect the 
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complication (𝑦2𝑗  and 𝑦3𝑗). This was denoted by 𝑟𝑖𝑗
𝑑

. We hypothesized for simulation i  {2, 3} 

and team j {1, 2, 3, 4, 5} for that 𝑟𝑖𝑗
𝑑

 < 0.  We found 𝑟2𝑗
𝑑  = 0.3 and 𝑟3𝑗

𝑑  = -0.3.  While both were 

of low strength, 𝑟2𝑗
𝑑  suggests a positive monotonic relationship, but 𝑟3𝑗

𝑑  suggests a negative 

monotonic relationship.  Although 𝑟3𝑗
𝑑

 supports our hypothesis, a strong conclusion cannot be 

made due to the low strength.  

Recall that we hypothesized that each of these correlations 𝑟𝑖𝑗
𝑑

 would be negative; that is, 

the greater the engagement (topic consistency), the less time for the team would contain (resolve) 

the surgical complication.  While we found a negative correlation for Simulation 3 (𝑟3𝑗
𝑑 ), we 

found a positive correlation for Simulation 2 (𝑟2𝑗
𝑑

 ). (See Table 45.) 

Table 45: Correlations of rd
ij, Engagement to Resolution Time 

Simulation Correlation Coefficient 

Simulation 2 𝑟2𝑗
𝑑

  = 0.3 

Simulation 3 𝑟3𝑗
𝑑

  = -0.3 

 

For Simulation 2, 𝑟2𝑗
𝑑

  = 0.3 (low positive) suggests that for the obscure resolution of the 

SVT runs, the time to resolve increased as the team had greater engagement.  That is, as the 

teams communicated with topic consistency, the teams took longer to resolve the complication.  

This is not supportive of our hypothesis.  Recall that engagement is anticipated to be reflective of 

the HRO principle of commitment to resilience.  This principle focused on identifying, 

controlling, and recovering from the complication through instructive and constructive feedback 

while sharing knowledge of individuals’ roles.  (See Table 46.)  (Weick and Sutcliffe 2007, 

Wilson et al 2005)   

In General Hypothesis 2 for Simulation 2, we found high negative correlations between 

percent recurrence and DET indicative of commitment to resilience to resolution time.  The 

findings of the positive low correlation between engagement and time suggest that the metric of 

engagement is not reflective of the principle of commitment to resilience.  Furthermore, it 

suggests that team with lower engagement, resolved the complication quicker.  That is, the teams 

that had greater topic inconsistency resolved the complication in less time.  This suggests that 

when faced with a complication with an obscure resolution teams need to have communication 

that is not consistent so that they can determine the true cause and resolution of the complication. 

However, the low strength of the correlation limits a strong conclusion.   
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Table 46: Summary of HRO Principle of Commitment to Resilience  

HRO Principle Brief Explanation Communication Event 

Commitment to 

Resilience 

Identify, control, 

and recover from 

errors 

Gives task instructive feedback (offers help) 

Seeks task instructive feedback (asks for help) 

Receives task instructive feedback (accepts help) 

Provides timely (immediate) constructive feedback 

Shares knowledge pertaining to individuals’ roles 

 

For Simulation 3, 𝑟3𝑗
𝑑

 = -0.3 suggests that for the complication of closed chords the 

resolution times decreased as the team had greater engagement.  That is, the teams resolved the 

complication is less times when that they greater topic consistency.  This is supportive of our 

hypothesis.  However, it is not line with our findings in General Hypothesis 2. 

For General Hypothesis 2 for Simulation 3, we found positive correlations between the 

metric of percent recurrence and DET (indicative of commitment to resilience) to resolution 

time.  As with Simulation 2, this suggests that engagement is not reflective of commitment to 

resilience.  The General Hypothesis 2 findings suggest that greater reoccurrences of 

communications relative to commitment resilience correlates with a greater time to resolve a 

complication with an obvious resolution.  This hypothesis, however, suggests that greater 

engagement is associated with a lower time to resolve.  Therefore, since the two hypothesis have 

conflicting results, engagement is not reflective of commitment to resilience.  Furthermore, for a 

complication with an obvious resolution teams that had greater topic consistency resolved the 

complication in less time.  That is, when teams are faced with a complication with an obvious 

resolution remaining on topic during the communications may lead to quicker resolution.   

In summary for General Hypothesis 5, the conceptual recurrence metric of engagement is 

not a likely metric for the HRO principle of commitment to resilience.  The correlation 

coefficient analysis found a positive correlation for Simulation 2 – complication with an obscure 

resolution – and a negative correlation for Simulation 3 – complication with an obvious 

resolution.  These results suggest that the teams resolved the complication with the obscure 

resolution in less time when they did not stay on topic (lower engagement), but they resolved the 

complication with the obvious resolution in less time when did stay on topic (higher 

engagement).  Both correlation coefficients, however, were of low strength, so a strong 

conclusion cannot be made. 
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General Hypothesis 6 – Leadership 

Recall that General Hypothesis 6 states that surgical teams exhibiting temporal patterns 

of communication demonstrating a greater metric of leadership resolve surgical complications in 

less time.  Specifically, we hypothesized that each of these correlations would be negative; that 

is, the greater leadership metric, then the less time for the team to resolve the surgical 

complication.  Specifically, we analyzed the correlations of the multi-participant metric of 

leadership (𝑒𝑖𝑗) to time to detect the complication (𝑦2𝑗  and 𝑦3𝑗).  This was denoted by 𝑟𝑖𝑗
𝑒

. We 

hypothesized for simulation i  {2, 3} and team j {1, 2, 3, 4, 5} for that 𝑟𝑖𝑗
𝑒

 < 0.  We found  

As with 𝑟𝑖𝑗
𝑑, the signs of 𝑟𝑖𝑗

𝑒  between the two simulations did not match, 𝑟2𝑗
𝑒  = 0.30 and 𝑟3𝑗

𝑒  

= -0.70.  That is, we found positive low-strength correlation of leadership to resolution time for 

Simulation 3, but a negative high-strength correlation for Simulation 2.  Correlation 𝑟𝑖𝑗
𝑒   is 

supportive of our hypothesis.  

Table 47: Correlations of re
ij, Leadership to Resolution Time 

Simulation Correlation Coefficient 

Simulation 2 𝑟2𝑗
𝑒  = 0.30 

Simulation 3 𝑟3𝑗
𝑒  = -0.70 

 

For Simulation 2, 𝑟2𝑗
𝑒  = 0.30 suggests that surgical teams with greater metrics of 

leadership took longer to resolve the complication.  Simulation 2 had a complication with an 

obscure resolution.  The patient would experience runs of SVT and the team had to determine 

how to proceed.  The analysis suggests that teams with a greater introduction of topics took 

longer to resolve this complication.  This did not support our hypothesis.  We expected topic 

introduction to be a vital role during the complication.  However, the correlation is of low 

strength, so a strong conclusion cannot be made.   

Simulation 3’s high negative correlation supported our hypothesis.  (See Figure 22.)  

Teams with a greater level of the metric leadership had a lower resolution time for the 

complication with an obvious resolution.  (See Table 47.)  The data supports our hypothesis for 

Simulation 3: surgical teams with members who introduced new concepts that are later repeated 

tended to resolve surgical complications with obvious resolutions in less time.   

Recall that the metric of leadership, 𝑒𝑖𝑗, is the degree to which a speaking person 

expressed a new concept that was subsequently repeated by one or more other persons.  As the 



Texas Tech University, Amanda Baty, May 2017 

86 

 

HRO principle of deference to expertise encouraged communication from all levels, we 

anticipated the metric of leadership would be reflective deference to expertise.  This HRO 

principle is shown through communication of ideas or observations, stating opinions, addressing 

ambiguity, and offering solution.  In other words, it is the act of speaking up, no matter the job 

title.  Deference to expertise is act of offering new concepts.  Deference to expertise is, in a 

sense, a type of leadership (Weick and Sutcliffe 2007, Wilson et al 2005).  (See Table 48.)   

 

Table 48: Summary of HRO Principle of Deference to Expertise  

HRO Principle Brief Explanation Communication Event 

Deference to 

expertise 

Encourages communication 

from all levels 

Communicates ideas/observations  

States opinion 

Addresses ambiguity 

Offers solution 

 

However, our data suggests that conceptual recurrence plots multi-participant metric of 

leadership is not reflective of the HRO principle of deference to expertise.  For the metric to be 

reflective of the principle, we would have expected for the same direction of the correlations 

between DET and resolution time and of leadership to resolution time.  Recall from General 

Hypothesis 3 that for Simulation 2 as DET increased, time decreased.  However, we found that 

as leadership decreased, time decreased.  That is, we found a negative correlation with time for 

DET, but a positive correlation for leadership or Simulation 2.  Similarly, for Simulation 3 we 

found as DET decreased, time decreased.  However, we found that as leadership increased, time 

decreased.  That is, we found a positive correlation with time for DET, but a negative correlation 

for leadership to resolution time during Simulation 3.  Therefore, leadership is not reflective of 

deference to expertise. 

 In summary of General Hypothesis 6, we found that Simulation 2 did not support our 

hypothesis, while Simulation 3 did support it.  As teams increased the metric of leadership, the 

resolution time increased for the complications with obscure complications.  This was not as we 

expected.  However, as leadership increased, the resolution time decreased for the complication 

with an obvious resolution.  That is, between the metric of leadership and resolution time, there 

was a positive correlation for the obscure resolution and a negative correlation for the obvious 

resolution.  Furthermore, the analysis found that metric of leadership is not reflective of the HRO 

principle of deference to expertise.  
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Limitations  

As many studies, this explanatory study had limitations.  It was designed as an 

exploratory study.  It was a first shot at determining possible correlation of communications 

within surgical teams to their performance.  The possible correlation leads to a possible 

association.  Could data be collected to show that communication patterns of surgical teams are 

associated with their performance times?  Causation cannot be concluded as a clear treatment 

and control as not part of this exploratory study.  While the normal scenario provided a type of 

baseline, it is not a strict control for this study.  

We will further discuss the three main limitations with in this study.  First, as an 

Industrial Engineering doctoral candidate I had limited medical experience and expertise.  While 

I researched and observed within hospitals to gain insight, I relied on healthcare professionals at 

The F. Marie Hall SimLife Center at Texas Tech University Health Sciences Center in Lubbock, 

Texas.  I was dependent on their expertise and availability.  Particularly, I was dependent on 

Chris McClanahan, the Coordinator of the SimLife Center at that time, to assist in the creation of 

the simulated surgical scenarios.  He worked closely with medical doctors and anesthesiologists 

to ensure the simulations were as accurate as possible.   

Second, as the surgical scenarios were simulated, there were limitations.  We could not 

replication the exact operating room.  The instruments may have been slightly difference.  The 

simulation dummy did not respond exactly as a real patient would respond.  However, the 

simulations were as close-to to an actual operating room and a surgical procedure.  The 

simulation dummy high quality and was controlled by a medical professional with simulation 

experience.   

Although observing and collecting the data from live surgeries would have eliminated 

this limitation, it would have complicated the study by introducing additional factors, such as 

different patient acuity, and eliminated the capability to study how various teams respond to the 

same complications.  Simulation removes the additional factors, but it does introduce a 

significant limitation, the number of unique teams available.  Due to size of the surgical staff and 

of their availability, the number of unique teams available resulted in small sample size.  

Originally, we had hoped for 10 to 20 teams to complete two simulated scenarios.  However, due 

to the availability, we instead had five teams who completed four simulated scenarios.  Due to 
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the small sample size, the statistical significance of the data is impacted.  However, actions were 

taken to help ensure the validity of the data, such as surrogate analysis and inter-rater reliability.   

Future Research 

As with many studies, future research is necessary to build upon and confirm the results.  

This research could be expanded upon three main areas.  First, it could be expanded into the field 

of Industrial Engineering.  Industrial Engineering may hold the key to ways to analyze data and 

allow healthcare quality and safety to become measurable and visible.  This exploratory study 

was the first step and was limited to a correlation coefficient analysis due to the small sample 

size.  A regression analysis with additional factors could pave the way for more robust results 

into how we can increase quality, safety, and reliability in healthcare.  This would require a large 

sample size, which could potentially be possible by incorporating more hospitals into the study.  

Second, this research can be expanded into the medical field.  This study explored 

surgical teams.  A larger study could be conducted on surgical teams.  Furthermore, similar 

studies could be conducted in other areas of medicine, such the emergency room, ICU, 

pharmacy, etc.  Additionally, research should be conducted to see how communication patterns 

and quality, safety, and reliability change based on training programs.  Are we training the 

doctors of tomorrow to communicate in ways that will improve quality, safety, and reliability?  

Third, this research could be explored further into realm of high reliability organizations.  

This exploratory study focused primarily on three of the five principles of the Weick and 

Sutcliffe’s HRO model.  What would the other principles reveal about communication patterns?  

Furthermore, there are other high reliability organizational models, such as Robert and 

Rousseau’s, and other research increase reliability, such as mindfulness by Langer, which 

perhaps would apply even more to the healthcare environment.  What would these models they 

reveal for ways to improve quality, safety, and reliability in healthcare?  
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Part V: Conclusion 

Although, reliability within healthcare organizations is lacking, application of principles 

and concepts from high reliability organizations (HROs) can improve reliability within 

healthcare organizations (Provonost et al 2006).  Studies have shown that communication is poor, 

particularly within the operating room (OR) (Olden and McCaughrin 2007; Greenberg et al 

2006; Makary et al 2006).  This provides a clear motivation and place for HRO principles to be 

applied.  Communication in the OR, although vitally important, has yet to have a measurement 

tool established.  Additionally, although recurrence analysis has been used in the medical field, a 

study using this analysis on communication of healthcare teams was not found in the literature.  

This dissertation research addresses these gaps by conducting an exploratory study on HRO 

principles in healthcare communication analyzed through recurrence quantification analysis.  

Specifically, this research aims to establish a set of high reliability organization principles and 

recurrence metrics associated with the performance of surgical teams based on their 

communication patterns, where performance is defined by the time for the team to detect or 

resolve an unexpected complication.   

Communications of surgical teams were collected through a simulation study at the Texas 

Tech University Health Sciences Center F. Marie Hall SimLife Center through simulations of 

four surgical procedures.  Each of the five surgical teams – composed of a surgical resident, 

certified registered nurse anesthesiologist, registered nurse, and surgical scrub tech – completed 

four unique simulated surgical procedures.  The procedures included one that resembled normal 

operating conditions, and three scenarios in which a distinct complication arose (planned by the 

simulation coordinator).  The times required to detect or resolve the complications were noted 

for each surgical team.  The simulations were transcribed and coded according to principles for 

high reliability organizations and team member’s job functions.  In particular, communication 

events indicative of the HRO principles of sensitivity to operations, commitment to resilience, 

and deference to expertise were coded and evaluated.  The exploratory study analyzed the data 

through recurrence quantification analysis, with performance defined by the time for the team to 

detect or resolve the unexpected complication.  Specifically, metrics of percent recurrence and 

communication determinism were calculated from recurrence plots according to recurrence 

quantification analysis.  In addition, conceptual multi-participant recurrence metrics of 

accommodation, engagement, and leadership were calculated through the software of Discursis 
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from conceptual recurrence plots.  Correlation coefficient analysis was conducted to determine 

the metrics associated to the performance based on the surgical teams’ communication patterns. 

 Prior to the correlation coefficient analysis, an inter-rater reliability (IRR) analysis was 

performed to assess the degree that the three coders consistently assigned high reliability 

organization (HRO) codes to the utterances in the simulation scenario transcripts of the study.  

The IRR analysis confirmed that coders had substantial agreement in the coding of the 

principles.  

Next, a surrogate analysis was conducted to confirm that the statistic of communication 

determinism (DET) calculated through recurrence quantification analysis (RQA) captured 

relevant information about the communication patterns of the surgical teams.  Specifically, the 

analysis tested that the communication patterns had a temporal structure – a structure relating to 

time – and thus the patterns were not results from random occurrences (Thieler, et al, 1992; 

Collins and De Luca, 1994).  Surrogate analysis confirmed a temporal effect in nearly all cases.  

The data cannot be described solely by certain preserved properties of the original data – the 

properties of mean and variance of DET.  In other words, time – thus the order of the utterances 

– is a contributing factor in the metrics.  This established RQA as an appropriate method of 

analysis for the data. 

With inter-rater reliability and surrogate analysis confirming the coding and analysis 

method, six general hypotheses were developed to explore the relationship between 

communication metrics with the detection and resolution times.  Three hypotheses explored the 

metrics of percent recurrence and communication determinism calculated from the coded 

communications indicative of the HRO principles.  The other three hypotheses explored the 

relationship of the conceptual recurrence metrics (accommodation, engagement, and leadership) 

to the detection and resolutions times for the teams.  For each hypothesis, the Spearman’s 

correlation coefficients of the metrics to times were analyzed.  (Spearman’s was chosen over 

Pearson’s, as linearity is not a key requirement for this research.) 

General Hypothesis 1 stated that surgical teams would detect surgical complications in 

less time when they exhibit temporal patterns of communications demonstrating sensitivity to 

operations.  Of the two simulations analyzed, our hypothesis was supported for Simulation 1, but 

it was not supported for Simulation 4.  The correlations in Simulation 1 – the normal scenario – 

suggested a negative relationship between the metrics in relation to sensitivity to operations and 
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time, while Simulation 4 had a positive relationship.  We discussed the potential that the 

complication caused changes in the communication before the complication was verbally 

announced.  Overall, however, the data suggests that reoccurring communication patterns have a 

stronger association with time than the reoccurring events.  That is, the metric of DET is a better 

predictor for time performance than the metric of percent recurrence. 

General Hypothesis 2 stated that surgical teams exhibiting temporal patterns of 

communication demonstrating commitment to resilience would resolve surgical complications in 

less time.  Two simulations were analyzed for this hypothesis.  Simulation 2 had a complication 

with an obscure resolution, while Simulation 3 had a complication with an obvious resolution.  

Based on the correlations of communications indicative of commitment to resilience, better 

performance (lower detection time) was associated with both greater percent recurrence and 

greater DET for an obscure resolution, but lower percent recurrence and DET for obvious 

resolutions.  In other words, the teams resolved complications with obscure resolutions in less 

time when they had more reoccurrences of communication events and patterns indicative of 

commitment to resilience.  On the other hand, teams resolved obvious complications in less time 

when they had less reoccurrences of communication events and patterns indicative of the 

commitment to resilience.  While the correlation coefficients for the complication with the 

obscure resolution (Simulation 2) were of high strength, the correlation coefficients for the 

complication with an obvious resolution (Simulation 3) were of low strength.  Therefore, we 

conclude only that teams resolved the complication with an obscure resolution in less time when 

their communications involved instructive or constructive feedback while sharing knowledge 

pertaining to individuals’ roles.  Teams with communication indicative of commitment to 

resilience – focused on identifying, controlling, and recovering from errors – resolved the 

complications with obscure resolutions in less time.  

General Hypothesis 3 stated that surgical teams exhibiting temporal patterns of 

communication indicative of deference to expertise would resolve surgical complications in less 

time.  The simulations with obvious and obscure resolutions had different results.  For 

Simulation 2 (obscure resolution) when the teams had communication with greater repetitive 

patterns of the HRO principle of deference to expertise (regardless of who spoke) then the team 

resolved the complication in less time.  This supported our hypothesis.  However, our hypothesis 

was not supported by Simulation 3 (obvious resolution).  If the team had repetitive 
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communications patterns of both job functions (speakers) and deference to expertise, then the 

teams took longer to resolve the complication with an obvious resolution.  Overall, we found that 

in the simulations with a complication with obvious resolutions, if the team encouraged 

communication of ideas, observations, opinions, etc. from all levels, then they resolved the 

complication in less time – even if the job function did not repeat.  That is, teams with 

communication indicative of deference to expertise – regardless of who spoke – resolved the 

complications with obvious resolutions in less time. 

General Hypothesis 4 stated that surgical teams exhibiting communications patterns with 

greater metrics of accommodation would detect surgical complications in less time.  Simulation 

1 – a normal scenario – had a positive correlation between accommodation and detection time, 

while Simulation 4 – with a complication – had a negative correlation.  The positive correlation 

was perfect; however, the negative correlation was negligible.  We discussed the potential that 

the known risk of inserting a central line could have caused changes in the communication 

events and patterns before the complication was verbally announced.  The data also concludes 

that the metric of accommodation is not directly reflective of the HRO principle of sensitivity to 

operations. 

Recall that General Hypothesis 5 stated that surgical teams exhibiting communication 

patterns with greater metrics of engagement would resolve surgical complications in less time.  

The correlation coefficient analysis found a positive correlation for Simulation 2 – complication 

with an obscure resolution – and a negative correlation for Simulation 3 – complication with an 

obvious resolution.  These results suggest that the teams resolved the complication with the 

obscure resolution in less time when they did not stay on topic (lower engagement), but they 

resolved the complication with the obvious resolution in less time when did stay on topic (higher 

engagement).  Both correlation coefficients, however, were of low strength, so a strong 

conclusion cannot be made.  Furthermore, the metric of engagement is not reflective of the HRO 

principle of commitment to resilience.  

General Hypothesis 6 stated that surgical teams exhibiting communication patterns with 

greater metrics of leadership would resolve surgical complications in less time.  Simulation 2 did 

not support our hypothesis, due to a positive correlation of low strength.  Simulation 3 supported 

the hypothesis with a negative correlation of high strength.  As leadership increased, the 

resolution time decreased for the complication with an obvious resolution.  The analysis also 
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found that metric of leadership is not reflective of the HRO principle of deference to expertise.  

Overall, the data suggests that surgical teams exhibiting communication patterns demonstrating 

the metric of leadership resolved obvious surgical complications in less time.   

In conclusion, this exploratory study found that reoccurring communication patterns have 

a stronger association with time than the reoccurring events.  That is, teams with repetition of 

communication patterns, rather than single utterances, were better predictors of performance 

times.  While strong conclusions were not developed in regards to the HRO principle of 

sensitivity of operations, we found results for the other two principles studied.  The results 

suggested that the nature of the resolution for the complication – obscure or obvious – affects the 

communications.  Three main conclusions can be made.  First, surgical teams with 

communications indicative of commitment to resilience resolved the complications with obscure 

resolutions in less time.  Second, surgical teams with communication indicative of deference to 

expertise – regardless of who spoke – resolved the complications with obvious resolutions in less 

time.  Third, surgical teams exhibiting communication patterns with greater metrics of leadership 

resolved the complications with obvious resolutions in less time.  In conclusion, during 

complications, surgical teams exhibiting communication indicative of the HRO principle of 

commitment of resilience during obscure resolutions, the principle of deference to expertise 

during obvious resolutions, and the conceptual recurrence metric of leadership during obvious 

resolutions are associated with lower resolution times.   
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Appendix A: Robert and Rousseau’s Characteristics of HROs 

Table 49: Robert and Rousseau’s Characteristics of HROs  
(Roberts and Rousseau 1989, 132-3) 

Characteristic Brief Description Example on Aircraft Carrier 

Hypercomplexity Extreme variety of components, systems, and levels. An aircraft carrier has a navigational bridge, air tower, desk 

personnel, and flight crews, as well as computer systems, 
binoculars, arresting wires, and the aircrafts, which each has 

its own procedures, training, and hierarchies.   

Tightly coupled Many components, systems, and levels in the systems, 

which have mutual interdependence.  The systems have 
time dependent processes, specific sequences, designs 

that allow for only one solution, and little slack.   

An example of this characteristic can be found in certain 

types of continuous process. 

Extreme hierarchical 
differentiation 

The multiple levels in the organization each have extreme 
hierarchical differentiation, elaborate control and 

regulating mechanisms.   

 

The hierarchy of an aircraft carrier is captain, executive 
officer, department heads, and then enlisted personnel.  

Decisions, such as when to conclude the day flight 

operations, move throughout this hierarchy. 

Redundancy HROs have many decision makers in the complex 
communication networks. 

On an aircraft carrier three people, overseen by the air boss, 
control the setting of the arresting gear for aircraft recovery. 

Accountability  Higher degree of accountability and deviations from the 

standard procedures result in severe consequences.   

 

Nuclear reactor operators have substantial training and are 

constantly expected to do their tasks correctly.  Flight deck 

personnel are regularly double checked to insure 
consistency and adherence to procedures.   

Immediate feedback Immediate feedback on decisions and quick decision 

making with feedback.  The more time that passes for 
decisions to be made and implemented results in a higher 

risk for disaster.   

Consider this: should a commercial airliner be directed for 

landing or should it be deferred until other aircraft are 
relocated? A successful (or unsuccessful) landing provides 

immediate feedback of the decision made. 

Compressed time 

factors 

Compressed time factors, sequences of main activities are 

measured in seconds in HROs.   

Launches and landings of naval aircraft occur in 48 to 60 

second intervals.   

Simultaneous 

critical outcomes 

Have at least two critical outcomes that happen 

simultaneously, which indicates the complexity of the 

operations and inability to modify operational decisions. 

The takeoffs and landings of airliners are managed by the 

Federal Aviation Administration’s air traffic control system. 
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Appendix B: F. Marie Hall SimLife Center at TTUHSC Photographs 

 

Figure 9: Surgical Room Anesthesia Equipment  
(Texas 2016) 

 
Figure 10: Surgical Room 

(Texas 2016) 

 

Figure 11: Laparoscopic Surgery Simulator 

(Texas 2016) 
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Appendix C: Scatterplots of High Strength Correlations 

 
Figure 12: Scatterplot of Ranked b1

1j to y4j  

 

 
Figure 13: Scatterplot of Ranked a4

4j to y4j  
 

 

Figure 14: Scatterplot of Ranked b4
4j to y4j  
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Figure 15: Scatterplot of Ranked a2

2j to y2j   
 

 
Figure 16: Scatterplot of Ranked a5

2j to y2j   

 
Figure 17: Scatterplot of Ranked b2

2j to y2j  
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Figure 18: Scatterplot of Ranked b2

2j to y2j  

 

Figure 19: Scatterplot of Ranked b6
2j to y2j  

 

 
Figure 20: Scatterplot of Ranked of b3

3j to y3j  
 

0

1

2

3

4

5

6

0 1 2 3 4 5 6

R
an

k 
o

f 
y 2

j

Rank of b5
2j

Ranked b5
2j to y2j 

0

1

2

3

4

5

6

0 1 2 3 4 5 6

R
an

k 
o

f 
y 2

j

Rank of b6
2j

Ranked b6
2j to y2j 

0

1

2

3

4

5

6

0 1 2 3 4 5 6

R
an

k 
o

f 
y 3

j

Rank of b3
ij

Ranked of b3
3j to y3j



Texas Tech University, Amanda Baty, May 2017 

108 

 

 
Figure 21: Scatterplot of Ranked c1j to y4j 

 

 

Figure 22: Scatterplot of Ranked e3j to y3j 
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