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Abstract

Cogpnitive task analysis (CTA) methods are traditionally used to conduct small-sample, in-depth
studies. In this case study, CTA methods were adapted for a large multi-site study in which

102 anesthesiologists worked through four different high-fidelity simulated high-consequence
incidents. Cognitive interviews were used to elicit decision processes following each simulated
incident. In this paper, we highlight three practical challenges that arose: (1) standardizing

the interview techniques for use across a large, distributed team of diverse backgrounds; (2)
developing effective training; and (3) developing a strategy to analyze the resulting large amount
of qualitative data. We reflect on how we addressed these challenges by increasing standardization,
developing focused training, overcoming social norms that hindered interview effectiveness, and
conducting a staged analysis. We share findings from a preliminary analysis that provides early
validation of the strategy employed. Analysis of a subset of 64 interview transcripts using a
decompositional analysis approach suggests that interviewers successfully elicited descriptions of
decision processes that varied due to the different challenges presented by the four simulated
incidents. A holistic analysis of the same 64 transcripts revealed individual differences in how
anesthesiologists interpreted and managed the same case.
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Introduction

This is a methods paper documenting reflections on adapting cognitive task analysis (CTA)
methods for use in large sample studies. CTA methods are commonly used to support small-
sample, in-depth, exploratory studies of skilled performance in complex settings (Hoffman
and Militello, 2008). These methods produce rich data sets that are analyzed iteratively
using qualitative methods. However, there has been a recent push in healthcare to use CTA
methods in studies involving larger sample sizes, multiple sites, and subjects with different
levels of experience to facilitate comparison of groups (e.g., different experience levels,
different work settings, etc.) to support generalization (Militello et al., 2020). The authors
have collectively experienced this pressure from grant reviewers, as well as from colleagues
in the healthcare community who aim to apply CTA findings more broadly.

Adapting in-depth methods for larger scale studies that survey a broad sample of clinicians
raises a number of challenges. First, cognitive interviews are generally semi-structured,
allowing room for discovery as unanticipated but relevant topics and concepts emerge during
the discussion. This type of semi-structured interview, however, requires judgment on the
part of the interviewer in determining where to probe further and when to redirect the
interview. It also means that the same questions may not be asked of each interviewee, or a
topic may be discussed at length in some interviews and not in others. For a large-scale
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study in which comparison across groups is important, a more structured approach is
required so that data collected are comparable across interviews and sites. Second, for
multi-site studies, there are generally multiple data collection teams. As a result, strategies
for training interviewers, often of differing backgrounds, level of knowledge and experience
in the domain of interest, and interviewing experience, becomes increasingly important, as
do strategies for managing “drift” in interview focus and approach over time as the study
progresses. It is common for interview teams to shift interview focus to deepen on particular
topics and refine questions over time as they learn more about the phenomenon of study;
however, this type of drift would greatly complicate comparative analyses, particularly if
components of the distributed data collection team “drifted” in different directions. Third,
analysis of qualitative data is notoriously costly, time-consuming, and iterative (Crandall et
al., 2006). Large sample studies raise the question of how to analyze interview data within
the time and resource constraints of the project.

We reflect on these issues in the context of a case study aimed at understanding decision-
making of anesthesiologists during high-fidelity simulations of critical clinical events.
Cogpnitive interviews were one component of a large, geographically distributed, multi-

site mixed-methods study entitled, Improving Medical Performance during Acute Crises
Through Simulation (IMPACTS). Objectives for the CTA aspect of this study included

(1) developing a descriptive model of anesthesiologist decision-making and (2) identifying
differences in decision strategies between “high” and “low” clinical performances. The study
included 102 anesthesiologist participants (across four different sites), who underwent the
same four simulation scenarios each followed by an approximately 40-minute cognitive
interview resulting in a total of 408 interviews.

In designing the methods for this study, we adapted an established cognitive interview
technique called the simulation interview (Militello and Hutton, 1998). We trained cognitive
interviewers at each of the four sites and developed strategies to certify interviewers and
minimize drift over time. We also adapted qualitative data analysis strategies for processing
large sets of data. In the following sections, we detail the strategies used to adapt the
methods for this study.

Cognitive Interviews

Simulation sessions were conducted in dedicated simulation facilities at four large academic
medical centers. Each anesthesiologist participated in four 15-17-minute simulated
scenarios in a single day. Table 1 provides an overview of each scenario. Scenarios were
designed to create challenging situations such as role conflicts with other members of the
healthcare team and complex acute care crises (e.g., multiple organ systems deteriorating
simultaneously and/or difficult to diagnose medical conditions). To increase realism,
scenarios included the use of trained confederates playing the role of patients and members
of the healthcare team. Two of the scenarios used a commercial computerized simulation
manikin (Laerdal SimMan 3G) in the patient role to allow participants to perform more
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invasive medical interventions as the patient deteriorated during the scenario. Immediately
following each simulation session, the anesthesiologist participated in a cognitive interview.

The simulation interview (Militello and Hutton, 1998) was initially described as part of the
applied cognitive task analysis (ACTA) suite of methods, intended to make CTA methods
more streamlined and usable by instructional designers and practitioners with limited
background in cognitive psychology or in conducting cognitive interviews. This interview
technique was well-suited to the IMPACTS study design. The traditional simulation
interview begins with the participant experiencing a simulated scenario, after which they
are asked to identify 3-5 key events that stand out for them in the scenario. Events that stand
out for people are often significant shifts in the interviewee’s understanding of the situation,
and actions taken by the interviewee or others involved in the incident. The interviewer
then walks through each key event, using cognitive probes to help the interviewee unpack
what they noticed, how they made sense of the situation, and actions they took. The precise
cognitive probes used are tailored to each study. For the IMPACTS project, we used the
probes listed in Figure 1.

As described by Militello and Hutton (1998), interviewers use a structured note-taking
form as a shared representation of the ensuing discussion so both the interviewer and the
interviewee have a visible reminder of the key topics of the interview. The note-taking
form is drawn as a matrix, in which the key events are listed in the left column as the
interviewee articulates them at the beginning of the interview. Columns 2-5 provide space
for the interviewer to record responses to cognitive probes for each event. The note-taking
matrix is designed to aid interviewers in structuring the interview by first filling out the

left column with the key events from the interviewee’s perspective, then by unpacking each
event by filling in each row before moving on to the next event. Furthermore, the shared
representation allows the interviewee to correct any misunderstandings as they are recorded
throughout the interview. Figure 2 provides an excerpt from a note-taking form used in an
interview about the Brown scenario.

Training Interviewers

Fourteen interviewers across 4 sites conducted interviews for this study. Five had experience
with cognitive task analysis. Others came from a variety of backgrounds including nursing,
mechanical engineering, counseling, library and information science, and informatics. Some
had significant experience conducting other types of qualitative interviews, simulation
debriefs, or counseling interviews. To train this diverse set of interviewers, we began with

a two-day in-person workshop in which cognitive interviewers were provided an overview
of the simulation interview technique and a demonstration. Interviewers then broke up

into small groups of 2-3 to practice conducting and documenting interviews. Interviewers
observed a video recording of a pilot simulation, and then interviewed an anesthesiologist
about the scenario they had just observed. The anesthesiologists who helped with training
were not part of the cognitive interviewing team. They were instructed to imagine that

they were the person in the recording, and to provide challenges to the interviewer such as
responding to questions with vague, single word answers; over-explaining simple concepts;
or derailing the conversation with unrelated tangents. There were four practice interview
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sessions, one for each scenario. Each interviewer had an opportunity to practice leading 1-2
interviews and to observe 1-3 interviews.

Experienced cognitive engineers were present in each practice session to provide real-time
coaching and feedback. After each practice session, the entire group met to discuss insights
and challenges before going into the next practice session. After completing the four practice
sessions, the cognitive interviewers met to work through a pre-mortem exercise (Klein,
2007) in which they were asked to imagine that the project had failed and to write down

the reasons for failure. The group then discussed the responses, exploring strategies for
overcoming potential obstacles.

Adjusting the Project After the COVID-19 Pandemic Began

Soon after this in-depth training and before data collection began, shut-downs in response
to the COVID-19 pandemic were enacted, delaying data collection for approximately six
months. During this break in study activities, some interviewers who attended the initial
training had moved on to other jobs necessitating the recruitment of new interviewers; for
the others, we anticipated that the passage of time may have led to skill decay. Due to the
delay between training and data collection, the team determined that it would be important
to develop a strategy for certifying interviewers to ensure that there was consistency across
interviewers and study sites. Further, best practices for conducting cognitive interviews
virtually via Zoom needed to be developed and communicated to the interviewers at each
site, as it continued to be important to limit face-to-face interactions in the context of the
COVID-19 pandemic.

Variability Across Sites.—As data collection became possible, study sites conducted
additional pilot simulation sessions and recorded practice cognitive interviews. Our
experienced cognitive engineers reviewed recordings of practice cognitive interviews and
sent written feedback to interviewers. It was determined that interviewers would benefit
from refresher training. In addition, as cognitive engineers reviewed recordings from
different study sites, it became clear that individual sites were using different procedures
and individual interviewers were modifying their interview technique. For example, in some
interviews the anesthesiologist led the discussion, simply talking through the shared note-
taking form while the interviewer transcribed what was said. In these cases, no cognitive
probes were used; rather the anesthesiologist gave top-of-the-head responses based on the
column labels in the note-taking matrix. In other interviews, events were not elicited; rather
the anesthesiologist simply talked for 30 minutes about the experience with limited direction
from the interviewer. In some interviews, the interviewer moved through the columns of

the note-taking form rather than the rows. Thus, instead of unpacking assessment, cues,

and actions for a single event, the interviewer asked about assessments for each event,
followed by cues for each event, and then actions, often resulting a muddled recounting of
the incident.

Certifying Interviewers and Reducing Drift.—To address these issues, the cognitive
engineering team further standardized the procedure to reduce variability. Key procedural
issues were discussed with site principal investigators to encourage common ground across
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sites regarding interview set up. The cognitive engineering team created an interview guide
that clearly led interviewers through the procedure beginning with a scripted introduction
that established the interviewer as the person who would lead the interview session.

The interview guide described the interview in terms of five clear steps: (1) Read the
introduction, (2) Elicit 3-5 key events to record in the first column of the matrix, (3)
Complete the entire row of the matrix for each event identified by the participant, (4) Ask
standardized questions for each event as it is unpacked, and (5) Wrap up. The guide included
prompts for when to share screens, when to start the timer, and how to take notes (See
Online Appendix B for complete interview guide).

The new standardized procedures were introduced in a series of virtual training sessions.
Due to scheduling difficulties, we were unable to assemble all interviewers at the same time.
Thus, multiple sessions were held and interviewers were encouraged to attend as many as
they could. The virtual training included four components:

a. The perspective component reviewed study goals, models of decision-making
and expertise, and general interviewing skills. In addition, we discussed the types
of variability that we had observed and introduced the new interview guide.

b. In the critiguing component, interviewers were asked to review and critique
excerpts from recorded interviews, and then met to discuss.

C. For the practice component, interviewers had an opportunity to interview
anesthesiologists via Zoom with coaches present. Virtual breakout rooms were
used so that multiple practice interviews could happen simultaneously. At
the end of each practice session, interviewers met to discuss lessons learned,
challenges, and points of confusion.

d. An interactive and continuous feedback and training component included regular
monthly meetings, during which interviewers for all sites met to discuss what
was going well, specific challenges, and strategies to address any challenges or
questions that had arisen.

It is important to note that not every CTA interview yields rich data, regardless of the
skill and experience of the interview team. There are a number of variables that influence
data quality including the (often difficult-to-predict) level of rapport and trust between
interviewee and interviewer, individual participant differences in ability to reflect on and
describe one’s experiences, and interviewer skill. The virtual training sessions addressed
these common interviewing challenges.

Qualitative Analysis

Qualitative analysis of cognitive interview data typically involves in-depth exploration of
cases, using thematic analysis (Braun and Clarke, 2012), grounded theory (Strauss and
Corbin, 1997), and various adaptations of these approaches (Crandall et al., 2006). Militello
and Anders (2020) describe two complementary approaches to the analysis of cognitive
interview data. One approach is decompositional, which focuses on identifying themes
related to topics of interest. In this approach, multi-disciplinary teams review a subset of the
data to identify and discuss potential themes. These potential themes are developed into a
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codebook to support systematic review of the data for evidence to support, refine, and refute
the potential themes. Excerpts from interview transcripts are coded into categories so that all
data relevant to a potential theme can be examined together to abstract insights. This process
is generally exploratory and iterative with an emphasis on independent review of the data,
followed by consensus meetings to explore different interpretations and reach consensus
about the implications of the data for the project’s research questions.

A second approach focuses on examining intact or complete incidents related by
interviewees to explore commonalities and idiosyncrasies in cues that were noticed,
challenges or complexities encountered, goals formed, and strategies implemented. Rather
than decomposing each incident into themes, this more holistic approach examines entire
incidents to understand the decision process in context.

These two complementary approaches allow for a thorough examination of qualitative data
sets. The use of multi-disciplinary teams and emphasis on consensus meetings to explore
different perspectives is designed to increase the likelihood of discovery of unexpected
insights. However, this process is labor intensive because it requires each transcript to be
reviewed by multiple people and, often, multiple sweeps through the data are conducted.
The time required to conduct this type of analysis on the 480 interview transcripts collected
in the IMPACTS study was infeasible given the constraints of the research project’s timeline
and duration.

Hence, for this project, we started with a subset of the data to develop a streamlined analysis
strategy. We selected two ‘high’ performances and two ‘low’ performances for each of the
four scenarios from each of the four sites, for a total of 64 transcripts. Performance was rated
by a team of experienced anesthesiologists who were blinded to the participants’ experience
level and affiliation.

We began by tailoring these two complementary analysis approaches to the data set and
project goals. One goal of this study was to inform a descriptive model of anesthesiologist
decision-making. The team had developed a hybrid working model of decision-making
(Reale et al., 2021; Anders et al., 2022), integrating models from the naturalistic decision-
making (Klein et al., 2010) and anesthesia communities (Gaba, 1992; Gaba et al., 2014)

to describe processes such as problem detection and framing, assessing and recognizing,
critiquing, acting, and correcting. For the decompositional analysis, we used the decision-
making processes described in the hybrid working model to form an initial codebook. A
team of behavioral researchers (SA, LGM, CR, and MES) and anesthesiologists (JR and
DG) independently coded one transcript using this initial codebook, and then met to discuss.
The team generated definitions for each coding category and identified examples from the
data. Coding categories were added to represent aspects of decision-making described by
interviewees that did not fit into existing categories. The team coded a second interview

and continued refining the codebook. After four interviews, one from each scenario, the
codebook was deemed to be stable; specifically, no new categories emerged and coders were
able to agree on definitions for each category. See Table 2 for an excerpt of the codebook,
and online Appendix A for the full codebook.
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A second goal of this study was to identify differences in decision strategies between high
and low performers. We used the holistic analysis approach for this. Analysts identified three
assessment points in each scenario: an initial assessment, an assessment when the patient’s
condition changed dramatically, and an assessment near the close of the scenario. Because
these were simulated incidents, there was a designated point at which the patient’s condition
escalated in each scenario. Analysts reviewed the interview transcript and the shared
note-taking form (Figure 2) to extract a holistic statement summarizing the interviewee’s
understanding of the situation at each of these points in time, as well as cues, assessments,
action taken, and actions considered but not taken. They used the holistic coding form in
Figure 3 to record their summary of the incident.

To streamline the process, a team of two analysts was assigned to analyze each scenario.

Our rationale was that by analyzing data from 16 transcripts based on the same simulated
scenario, it would be easier for analysts without a background in anesthesiology to become
familiar with a specific incident. We anticipated that each analyst team would begin to
notice common cues, assessments, and actions, as well as anomalies for that particular
scenario. We also anticipated that this analysis would provide insight into commonalities and
differences in decision processes.

The coding process progressed from independent coding to consensus within each analysis
team. Each coder in a team independently reviewed a transcript and used Dedoose™
qualitative analysis software to apply the codes as part of the decompositional analysis.
After coding the transcript, they each identified where in the transcript the discussion

shifted from the initial assessment to the escalation assessment to the final assessment
(sometimes highlighting multiple sections if the interview moved back and forth in time) and
drafted a holistic statement summarizing the participant’s understanding at each assessment
point. The coding team met to discuss the transcript and reach consensus on the codes in
Dedoose™ as well as agree on the points in the transcript that corresponded to the three

key assessment points and the holistic statements. They independently completed the holistic
coding form, and then met again to reach consensus. To reduce coder drift, when all of

the coding teams had coded seven transcripts, an analyst from outside each team coded the
eighth transcript and participated in the consensus meetings. All coders met at this midpoint
to discuss and resolve any differences in coding practices.

We examined both the decomposition and holistic analyses to determine whether the
cognitive interviews did, in fact, elicit cognitive information that would inform project
objectives.

Decompositional Analysis

With regard to the decompositional analysis, we examined the decision-making processes
described in the hybrid working model of decision-making (the basis of our codebook), and
the number of transcripts in which each appeared, broken down by patient scenario. See
Table 3 for an excerpt of this analysis; additional findings from this analysis will be reported
in a forthcoming manuscript. We found that each decision-making process appeared in at
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least one transcript, suggesting that the cognitive interviews successfully elicited examples
of cognitive activities. Furthermore, when we examined the frequency of codes across
scenarios, there was important diversity. The scenarios were designed to present different
cognitive challenges that would require different approaches. These data suggest that the
scenarios were successful and that the cognitive interviews helped participants describe
their cognitive processes in these different contexts. For example, frame shifts appeared
more often in transcripts related to the Hines scenario (12 out of 16) than the Wilson
scenario (5 out of 16). For this study, the term frame shift referred to instances when
participants described a change in cognitive frame; in other words, their understanding

of the situation changed. The Hines scenario includes an event designed to surprise;
specifically, as participants are assessing and treating left shoulder pain after surgery, the
patient’s blood pressure decreases rapidly requiring participants to reassess the situation and
reprioritize their actions. Thus, one might expect participants to experience a frame shift.
The temporizing code provides another example of diversity across scenarios. This code
was applied to actions taken to “buy time,” allowing participants to work on stabilizing the
patient before they had figured out exactly what was occurring. The Jones scenario appears
to have evoked more temporizing (15 out of 16 transcripts) than any of the other scenarios
(9 out of 16 transcripts per scenario). This aligns with the patient condition in the Jones
scenario. Mrs. Jones is experiencing serotonin syndrome, a relatively rare condition that

is diagnosed primarily by exclusion. Mrs. Jones’ vital signs remain stable, although it is
clear that she is having a serious problem. If the participant does not recognize serotonin
syndrome, a common clinical approach is to temporize by keeping the patient stable and
comfortable as the healthcare team gathers more information. For the other scenarios, the
patients exhibited signs of impending decompensation requiring immediate intervention;
thus, less temporizing would be expected.

A third example relates to the expectancies and confirming/disconfirming codes. These
codes were used when participants described how specific findings confirmed or
disconfirmed their hypotheses, helping them refine the diagnosis. The Wilson transcripts
had fewer examples confirming/disconfirming codes (8 of 16 transcripts) compared to
transcripts of interviews based on other scenarios. Confirming/disconfirming codes were
found in 13 of 16 Brown and Hines transcripts and 14 Jones transcripts. In the Wilson
scenario, the patient exhibits signs of pronounced anxiety and the surgeon (confederate)
insists that it is safe to proceed with surgery as anxiety is the primary issue for this patient.
In spite of this misdirection, scenario designers expect skilled participants to order a 12-lead
electrocardiogram (ECG), recognize the myocardial infarction, and cancel the surgery. When
the participant suspects evolving cardiac deterioration, it is relatively easily confirmed.

This is in contrast to the other scenarios in which the underlying cause(s) of the patient’s
condition are more complex and not easily confirmed with a single test. The diversity across
interviews provides evidence that the cognitive activities elicited were context-specific,

as one would expect—the challenges of different situations evoked different cognitive
responses.
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Holistic Analysis

With regard to the holistic coding, our analysis suggests that the cognitive interviews did, in
fact, help participants describe their understanding of the situation as the scenario unfolded,
specific cues they attended to, goals at different points in time, actions they took, and their
rationale for actions. To illustrate, we detail differences between the ways Participant 1 and
Participant 2 described their experiences in the Brown scenario. In the Brown scenario,
participants were presented with a patient complaining of pain following abdominal surgery.
The nurse told participants that bowel contents had leaked into the abdomen during surgery
—this is usually a trigger for an experienced clinician to be concerned about postoperative
abdominal infection and associated hemodynamic instability. As participants 1 and 2
recounted their experiences, they framed it quite differently.

Initial Assessment.—At the start of the scenario, Participant 1 noted that the patient
was complaining of abdominal pain and had peripheral 1Vs. Their initial assessment was
that the patient probably needed blood and did not get enough medication during surgery.
They recognized that the patient was sick and required immediate action. They began by
reviewing the patient’s history with the nurse to learn how much blood was lost during
surgery, whether the patient received blood and fluids, and if the patient was looking
noticeably worse since the surgery.

In contrast, at Time 1, Participant 2 noted that the patient was hypotensive and had a “dirty
abdomen,” referring to the stool content that spilled into the abdomen when the bowel
ruptured. Their initial assessment was that the patient would be pretty sick for at least 24
hours and was likely to develop sepsis. At the same time, Participant 2 recalled thinking

of alternative explanations, such as anemia from blood loss, atrial fibrillation, and pain.
Participant 2 recalled checking the dressing on the wound to make sure it was clean and
dry, checking blood pressure, administering an 1V bolus of fluids, ordering medication to
increase blood pressure (phenylephrine), and increasing the oxygen administered through
the non-rebreather face mask.

Escalation Assessment.—At Time 2, Participant 1 recalled being concerned about the
low oxygen status despite the use of a non-rebreather mask, and about fluid overload as
crackles on both lungs were detected. Participant 1 noted that the patient had not received
blood products, even though she had lost one liter of blood in the operating room (OR).
The combination of low blood pressure, high heart rate, high temperature, and low urine
output prompted Participant 1 to take several actions: conduct a more thorough physical
exam; order labs, such as a complete blood count (CBC) panel and lactate; give a small
dose of pain medication; administer medication to raise blood pressure (norepinephring);
order a fluid bolus; call to have more blood available; and order imaging of the chest and
abdomen. Participant 1’s differential diagnosis included fluid overload, under-resuscitation,
heart failure, pulmonary edema, poor pain control, collapsed lungs, free air or bowel
perforation, and fluid filled process in the lungs.

Participant 2, in contrast, had only two things on their differential at Time 2. They were
confident that the patient had sepsis but had not yet completely ruled out bleeding. They
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noted that the patient appeared mildly confused. Participant 2 wanted to accurately monitor
and assess the patient’s mental status, so they held off on giving pain medication. To
determine whether the patient was properly ventilating, Participant 2 ordered an arterial
blood gas analysis (ABG), with a focus on learning the patient’s acid-base status (acidosis
would indicate hypovolemia and/or sepsis). Participant 2 checked the wound again to assess
whether the belly was soft and told the nurse to prepare to intubate.

Final Assessment.—At the end of the scenario, Participant 1 still had a broad
differential including under-resuscitation from blood loss, transfusion-related acute lung
injury, transfusion-related cardiac injury, acute heart failure, postoperative pain, flash
pulmonary edema, and acute kidney injury. Participant 2 had refined the differential to septic
shock, had administered pain medication, and was committed to intubating the patient. Both
participants highlighted the significance of the elevated lactic acid (which suggested poor
perfusion to the organs), called the surgical team, and planned to move the patient to the
intensive care unit (ICU). Even though their actions at the end of the 15-min simulated
scenario were quite similar, their recounting of the incident highlighted differences in what
cues they considered critical, the way they built and refined their differential, and the
rationale for their actions at different points in time. Table 4 summarizes the differences

in participants’ self-report of their experiences in the same scenario. Future analysis will
examine data in this same way to identify potential patterns in decision-making style.

Discussion and Conclusion

We highlight three practical challenges in scaling CTA from small, in-depth studies to

a large sample, multi-site study. The first practical challenge involved standardizing the
interview technique. With a smaller research team, interviewers are usually able to be more
agile, adapting the technique as needed while still maintaining common ground across the
team; this allows more room for interviewers to exercise their own judgment and follow
their curiosity. For this larger research team, distributed across multiple sites and with
varied backgrounds, pilot interviews revealed that there was too much variability in the
conduct of the interviews to support analysis across sites. Delays in data collection due

to the global COVID-19 pandemic may have further exacerbated the variability between
interviewers. Therefore, more standardization was required. We found that creating a
streamlined interview guide and hosting many virtual training sessions helped us to create a
process to elicit the data needed to address our study goals.

The second practical challenge was developing a strategy for training this diverse and
distributed team of interviewers. We created virtual training sessions that addressed both the
specific interview procedures and also the role of the interviewer. We discovered that there
were social norms to overcome when speaking with anesthesiologist interviewees about their
domain of expertise. Not all interviewers understood that it was their role to lead and direct
the interview rather than follow along as one might in a social situation. In some cases, there
was a need to overcome a perceived power differential between the physician interviewee
and the non-physician interviewer. Many interviewers needed to learn specific strategies for
politely but effectively interrupting and redirecting the participant anesthesiologists, while
maintaining a positive rapport during the interview sessions.
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The third practical challenge was developing an analysis strategy for this large data set. We
began by sampling two high performers and two low performers from each site for each
scenario. We established four two-person analysis teams to conduct in-depth analysis of
the 16 transcripts from each scenario. Teams analyzed each transcript for themes related
to decision processes (decompositional analysis) and also examined each participant’s
description of the unfolding incident (holistic analysis). Beginning with a sample of the
data allowed us to establish an analysis strategy, develop a codebook, and explore the
data. These analysis activities lay the foundation for developing priorities and strategies
for analyzing additional transcripts, perhaps using more streamlined, efficient, (and likely
narrower) strategies. In summary, key learnings for adapting CTA methods for a large,
distributed team include the following:

1 Standardization. Increased standardization of technique was needed for this
large, multi-site study. This included a scripted introduction, a clear interview
guide designed to be used real-time as a job aid, and note-taking forms.

2. Training. Multiple training sessions that included demonstrations, practice
interviews, coaching, and critique of recorded interviews helped prepare
interviewers. Although we began with in-person training, constraints imposed by
the COVID pandemic inspired us to create virtual training that proved effective.

3. Overcoming social norms. Interviewers benefitted from coaching that helped
them understand and communicate their role in directing the interview, politely
interrupting and redirecting, and maintaining rapport.

4, Staged analysis. For this large data set, starting with a subset of data allowed
us to explore the data and refine an analysis strategy that sets the stage for
additional analysis of the larger dataset.

Given that this was our first experience using a large, distributed interviewing team with
varied backgrounds, we were eager for evidence that the cognitive interviews worked and
that they successfully elicited cognitive aspects of performance related to decision-making.
Over the course of the study, 14 different people were trained and conducted cognitive
interviews. Our analysis suggests that even with this large, diverse team, the cognitive
interviews were successful. Participants were able to articulate what cues they noticed, how
they made sense of them, their goals, and the rationale for their actions.

One benefit of the approach used in this study is that we gained substantial scheduling
flexibility and improved interviewer availability for study days because any of our trained
interviewers could remotely cover upcoming scheduling gaps for another site or fill in for a
sick interviewer at the last minute without delaying the study or rescheduling participants.
Due to the extensive resources required to conduct these full-day simulation studies at four
different sites, the remotely accessible large interviewer team ended up being an important
asset, saving valuable time and money (e.g., no travel costs or missed data collection
opportunities).

One limitation of this study is that we did not compare different interview techniques;
other techniques may have elicited more detail or more depth. However, the data collected
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are sufficient to meet our study goals, namely, eliciting examples of decision processes

to inform the hypothesized hybrid model of decision-making for anesthesiologists and to
explore differences in decision processes across participants. Another limitation of this study
stems from the complexity associated with such a large, distributed study design that relies
heavily on audio, video, and information technology. Specifically, some of the interview data
were lost or incomplete (e.g., recordings that captured only a small portion of the interview
or had poor audio quality). Recordings of some interviews were not consistently uploaded,
or the files were misnamed making it impossible to track down the correct recordings. Some
of the companion note-taking matrices were not shared with the analysis team and could not
be tracked down after cognitive interviewers left the project. Many of these issues stemmed
from technical challenges (e.qg., large file sizes) and each site tailoring study procedures

to fit their own constraints. In spite of these logistical challenges, only a small number of
interviews were lost; in identifying 64 transcripts for this initial analysis only two of those
screened were deemed unusable due to technical difficulties.

Cogpnitive task analysis methods are traditionally tailored to each project. In most cases,
however, a small set of interviewers conducts a relatively small set of in-depth interviews
that are extensively analyzed, often iteratively. CTA is often used during front-end,
exploratory projects to understand cognitive challenges and how experienced practitioners
manage complexity. The case study discussed in this paper expands the use of CTA
methods by adapting the methods to be more streamlined in order to support large-scale
data collection.

These preliminary analyses set the stage for analysis of the larger data set. This in-depth
analysis will inform the proposed hybrid model of decision-making and characterize
differences in decision processes between high and low performers. Insights identified in
the preliminary analysis will inform more targeted hypotheses to be explored in the larger
data set. For example, if particular patterns of cues, assessments, and actions appear to
distinguish skilled from unskilled performances in these preliminary analyses, we will
investigate whether the same patterns appear in the larger data set, and whether mid-level
performances show a distinct pattern. We expect that findings from these analyses will have
implications for anesthesiologist training design and will articulate future lines of follow-on
research.
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Assessment
e At this point, what did you think was going on with this patient?
e  What was your differential diagnosis?
e  What was the status of the patient at this point in time?

Cues
e  What led you to this assessment of the patient?
e  What specific information led you to this assessment?

Actions
e Tell me about the actions you took at this point?
e Tell me about your rationale for these actions?
e [ noticed you did x. Tell me more about that.

Alternatives
e  What other actions did you consider doing at this point in time?

Figure 1.
Cognitive probes.
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Events Assessment
1. Pthad e Pt may be hypovolemic;
hemodynamic abdominal compartment

changes post-op

2. Ptbecame .
hypoxic

3. Ptwas .
hypotensive w/
AMS

syndrome; post-op
bleeding; sepsis

Sepsis, pulmonary
embolism (PE), Pt may
be hypovolemic;
abdominal compartment
syndrome; post-op
bleeding; obstructive
sleep apnea (not
compliant w/ CPAP)

Sepsis (surgery & current
clinical status); PE —
EKG r/o; post-op
bleeding; /o sleep apnea
— supplemental
oxygenation didn’t
improve things;
anticipating cardiac arrest

Cues

e Slight hypotension (90s —
systolic); atrial fibrillation;
pulse pressure variation on
art. line tracing; nurse
mentioned perforated
bowel — perhaps sepsis;
anes. record indicated 1L
blood loss; Hx of chronic
a-fib, uncontrolled
diabetes — may lead to a
heart attack;

e SpO2 dropped to high 80s;
Pt was tachy 115ish;

e Continued slow worsening
of hemodynamics
(hypotension & continued
hypoxia, getting slightly
worse — despite
supplemental Oxygen;
good urine output, good
perfusion in lower
extremities

Actions

Page 18

Re-cycled vitals °
(SpO2, BP, HR);
reviewed anes. record

& labs; asked to talk

to the anesthesia

provider involved in

the case; opened up
fluids, gave 500ml

bolus;

Ordered ABG, labs .
(BMP & CBC), EKG;
changed from mask to
rebreather (15
liters/minute)

Gave Norepinephrine e
for septic shock;
continued fluids via
bolus (500ml); asked

for RT for CPAP;

asked for an

endotracheal tube just

in case

Alternatives

Consider Trans echo
to look at volume
status for evidence of
right heart strain to
see if PE

Figure 2.

Excerpt from shared note-taking form for brown scenario. Pt = patient, RT = respiratory

therapist, r/o = rule out, SpO2 = oxygen saturation, HR = heart rate, BP = blood pressure.
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Assessment Cues

Initial - starts at line 12, 175
Participant noticed that patient is sick,  sick Belly pain
had fecal matter in the belly and may be

septic, patient in pain, a-fib, and may be  could be septic - could tip her into  Hx of col surgey; big abdominal surgery, could be

fluid loss. Participant prescribed dilaudid AFib low fluids
for pain in hopes of improving bleeding, Pain needs to be controlled Feces in abdomen/perforated viscus
talked with the patient, and asked the low on fluids Appropriate fluid - 2 liters
nurse if the afib was new. AFib -- didn't notice at first Central line
Pt conscious: Moaning & groaning in pain
Hx of AFib
Sedatives -- could be suppressing breathing
Diaphragmatic splinting - could be suppressing breathing
Hx of hypertension
BP reasonably OK
Oxygen saturation not great
Change - starts at line 60; 270; 361
Participant notices the patient is in a new AFib (obvious from the monitor) - HR increasing
rhythm, rate increasing and BP leading to congestive state
decreasing. Participant thinks it could be Flyid overload may be affecting  BP decreasing - could be low on fluids
septic processes, could have fluid issues, oxygenation
or could have electrolyte imbalances that aArhythmia from electrolyte
contributed to afib. Participant changed  imbalance
to a non-rebreather to support breathing.
Tried to give a fluid bolus, but stopped
when saw the chest x-ray. Checked urine
output, labs, and patient mental status.
Transduced central line, administered
furosemide, and asked for 12 lead EKG.

Saturation dropping

Chest x-ray and exam showed fluid overload - could
contibute to low oxygen saturation

urine output was low and RALS were there

Sugar was 225

fluid balance (electrolytes) and hemoglobin were OK (line
107)

Figure 3.
Holistic analysis form for one interview in the brown scenario.
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Actions

.25 mg of Dilaudid for pain -- might help
breathing

Ask nurse if AFib is new
Talk with patient -- says stomach hurting

Changed to non-rebreather, gave her more
oxygen

Tried to give her a fluid bolus but stopped it
when saw the chest xray (line 64)

Asked nurse how much urine output to check
hydration level

Asked nurse if central line was transduced

Asked nurse to call anesthesia tech to have
central line transduced

Small does of furosemide - 10 mg; then another
10 to try to offload fluid from lungs

Interact with patient to assess pain,
conciousness

Check labs, electrolytes, and hemoglobin
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