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Abstract

Background: Plastic surgery is a surgical field defined not by a particular anatomical
domain, age group, nor pathology. Instead, it is characterized by problem-solving and
innovation. Adaptive expertise, described initially by Hatano and Inagaki, is the ability to
efficiently problem-solve in routine scenarios while also being able to innovate when faced with
a new, previously unencountered problem.! With the concept of adaptive expertise as our
theoretical framework, we sought to answer the question- how do plastic surgeons develop and

teach for adaptive expertise?

Methods: Semi-structured interviews with attending plastic surgeons from two large
academic centers in Boston were conducted to obtain individual perspectives. The interviews
were transcribed and analyzed using qualitative thematic analysis as described by Braun and
Clarke, with the goal of describing and identifying patterns within the data.> Adaptive Expertise

acted as our sensitizing lens. Institutional Review Board approval was obtained.

Results: Ten attending plastic surgeons were interviewed. The plastic surgeons described
learning to expect the unexpected in their daily work. They described their cases as having no
correct solution and rarely routine, requiring creativity, innovation, and an ability to
troubleshoot. They planned for this uncertainty by developing multiple preoperative plans.

However, they reflected on the frequent need for intraoperative changes in plan. They described



plastic surgeons with creativity, confidence, and tolerance as thriving, but those with inability to
change and those who experienced fear and stress with unpredictability, as not enjoying plastic
surgery. The plastic surgeons described, though did not name explicitly, several key instruments
for teaching for adaptive expertise, including conceptual understanding, meaningful variation,

and productive struggle.?

Conclusion: Plastic surgeons describe profession and personal characteristics that are
present in adaptive experts. Additionally, they teach for adaptive expertise by utilizing several
known adaptive expertise educational techniques. By acknowledging and standardizing these
techniques, we can better train the next generation of plastic surgeons in creating new surgical

solutions, a long-standing and critical function of plastic surgery.
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Tables

Table 1: Themes and Subthemes

Characteristics
of the plastic
surgery
profession

Plastic surgeons expect the
unexpected

Plastic surgery cases have no "correct"
solutions

Requires creativity, innovation and ability
to troubleshoot

Even the routine is not routine

Plastic surgeons plan for that
uncertainty

Plan A, B and C

Engaging with colleagues, team in room,
CO-surgeons

Comprehensive case preparation

Need for intraoperative adaption

Plastic surgeon
characteristics

Plastic surgeons who have
adaptive expertise

Creativity, flexibility

Enjoy/embrace change, variety

Confidence

Plastic surgeons who do not
have adaptive expertise

Inability to change/pivot

Unpredictability is stressful and causes fear

Do not enjoy plastic surgery

Plastic surgeons
teach and model
adaptive
expertise

Planning as educational
activity

Talking out loud about plan

Understanding “the why”

Tailored approach to each case

Developing innovation in
trainees

Allow (small) mistakes

Allow for trying new procedures

Feedback

Outside of the operating
room

Conferences, oral-board exam style

Table 2: Training Recommendations

Be explicit about methods for adaptive expertise training

Develop shared language/mental model

Increase use of oral board examination-style conferences

Create "how to learn" curriculum ("Master Adaptive Learner" Framework)

Train attendings as coaches

Professional development of attending surgeons around education
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1. Chapter 1: Background

Plastic surgery is a surgical field defined not by a particular anatomical domain, age group nor
pathology. Instead, it is characterized by problem-solving and innovation. In 1957 Tagliacozzi,
considered the founder of plastic surgery, described it as a field which aims to “restore what
nature has given and chance has taken away.” More recently, in 2006 Mathes defined plastic
surgery as a “problem-solving” specialty, being “special among surgical disciplines in that every
patient presents with a challenging problem requiring a unique solution.” Innovation has been a
core aspect of plastic surgery since its origins. Harold Gilles devised new and unique
reconstructive methods to reconstruct the faces of wounded World War II veterans. Joseph
Murray completed the first organ transplant, for which he won a Nobel Prize.’ Microsurgery and
replantation are also innovations devised by plastic surgeons. More recently, plastic surgeons
have also developed new surgical areas including procedures for lymphedema, gender
affirmation and nerve-related pain, including targeted muscle reinnervation. At their core, plastic
surgeons are innovators and problems-solvers, adapting to new and challenging situations, both

in the operating room and in the field of surgery.

This balance of efficiency and innovation, at the heart of plastic surgery, is also at the heart of
adaptive expertise. Described initially by Hatano and Inagaki, adaptive expertise is the ability to
efficiently problem-solve in routine scenarios while also being able to innovate when faced with
a new, previously unencountered problem.! Adaptive expertise builds on routine expertise, which
requires mastery of knowledge, skills and procedures. Routine experts use these skills in efficient
and accurate ways. However, adaptive experts are additionally able to respond to new and

complex situations with novel approaches. They balance innovation with the efficiency of



routine expertise, giving them the ability to solve new problems, or develop new ways of

problem solving.®8

Adaptive expertise is especially critical in the ever-changing, fast-paced world of medicine
where clinicians must not only be experts in their domain, but will encounter new clinical
scenarios they have not seen before. These new situations require them to adapt their approach
and innovate new solutions to previously unseen events. Given these challenges in medicine,
medical educators are keen to inculcate adaptive expertise in their trainees. New approaches of
instructional design have been instituted at all levels of health professions education to try to
develop and foster adaptive expertise in trainees.” These approaches include developing deep
conceptual understanding, exposure to meaningful variation, an emphasis on productive struggle

3,7,10—

and metacognitive strategizing. 12 These approaches are not only more time intensive but are

more difficult to assess than the instructional designs and assessments utilized in developing

routine expertise.”!!-13

Additionally, there is an inherent struggle between efficiency and innovation, something that
must be balanced in the true adaptive expert. An adaptative expert who can balance efficiency
and innovation in problem-solving is said to be working within the “optimal adaptability
corridor”.'*15 In order to do this, clinicians must have the capacity to learn new information, find
appropriate resources to learn from and find ways to do this effectively in practice. These skills
are defined as preparation for future learning (PFL). Skills that help with PFL have been
described previously, including feedback-seeking and using practice-changing resources.'® To

better synthesize these ideas, a conceptual model was developed by Cutrer et al in conjunction



with the American Medical Association’s Accelerating Change in Medical Education Project.
This conceptual model, named the Master Adaptive Learner, aimed to describe the learner who is

able to function within the optimal ability corridor (OAC).!3-1517

Although plastic surgeons clearly must function in this optimal adaptability corridor as adaptive
experts, there is little published on how plastic surgeons develop their expertise, or their
innovation and problem-solving mindset. Plastic surgeons frequently talk about the importance
of maintaining this mindset. Papers have even been written about the competitive advantage this
“innovation” mindset gives to plastic surgeons in the competitive aesthetic environment. 8
However, although plastic surgeons on the surface seem like adaptive experts at their core, how
they develop these skills is unknown. How do they become Master Adaptive Learners, with the
appropriate curiosity, motivation, mindset and resilience to function in the optimal adaptability
corridor, balancing efficiency and innovation in their learning and practice? What are the
experiences, tools and teachings during their training and careers that shapes their ability to be
adaptive experts? How do they describe training the next generation of plastic surgeons? And
once identified, can we develop educational techniques to develop adaptive expertise in a more

explicit, streamlined way?

With the concept of adaptive expertise as our sensitizing framework, we sought to answer the

question- how do plastic surgeons develop adaptive expertise? We attempted to answer this by
interviewing plastic surgeons at two large tertiary care centers, where adaptive expertise would
be necessary in order to take on challenging reconstructive cases, to find out how they develop

and then teach for adaptive expertise.



2. Chapter 2: Data and Methods

2.1. Short Introduction

The aim of this qualitative study is to explore how plastic surgeons experience and describe the
development and teaching of adaptive expertise.>!* Semi-structured interviews with attending
plastic surgeons from two large academic centers in Boston (Massachusetts General Hospital and
Brigham and Women’s Hospital) were conducted to obtain individual perspectives. We used
purposeful sampling to identify plastic surgeons whose case mix would require adaptive
expertise. The interviews were transcribed and analyzed using qualitative thematic analysis as
described by Braun and Clarke, with the goal of describing and identifying patterns within the
data.? Adaptive Expertise acted as our sensitizing lens. Institutional Review Board approval was
obtained through Mass General Brigham. Coding was performed utilizing the software program

Dedoose (version 8.0.35, Los Angeles, California: SocioCultural Research Consultants, LL.C).

2.2. Methods
2.2.1. Study design
In this study, we used a constructivist paradigm to conduct a thematic analysis of the entirety of

our coded data set, sensitized by the theoretical framework of adaptive expertise.

2.2.2. Study eligibility
Eligible were all plastic surgery attendings at two major academic medical centers in Boston,
Massachusetts. There were no experience or age requirements. These surgeons were chosen as

they work in centers that manage complex reconstructive cases. Given the complexity and



variety of problems these surgeons undertake, they were felt to be representative of plastic

surgeon adaptive experts.

2.2.3. Data Collection

All potential participants received a letter of invitation via e-mail directly from the principal
investigator. Each participant was invited to participate in a 30 to 45-minute semi-structured
interview. Interviews were completed and recorded on the Microsoft Teams platform. The
interview guide was developed from an initial review of the literature on adaptive expertise, as
well as expertise in plastic surgery. The guide started with a definition of adaptive expertise and
then included open-ended questions about the participants’ experience with cases requiring
adaptive expertise, how they felt they developed adaptive expertise, how they maintain adaptive
expertise, how they train residents for adaptive expertise and both positive and negative role
models for adaptive experts in plastic surgery (see Appendix). Interviews were video- and audio-
taped, transcribed and entered into Dedoose (version 8.0.35, Los Angeles, California:
SocioCultural Research Consultants, LLC) qualitative data analysis software to facilitate the
analysis. Data collection continued until new interviews ceased to inform our themes. This

occurred after the tenth interview.

2.2.4. Data Analysis

Following an inductive approach, thematic analysis of the transcripts was conducted. The
principal investigator open coded the raw data and developed a preliminary codebook which was
revised based on subsequent data. Initial coding of the entire dataset was done by the principal

investigator. A second coder, who was not a plastic surgeon, reviewed five out of the ten



interview transcripts and the coding. The principal investigator and second coder reviewed this
coding for consensus. Preliminary categories were identified and iteratively elaborated and
refined as data collection progressed. During the final data analysis, the principal investigator
identified the coding structure through the iterative relating and grouping of codes. The
development of codes at each level of analysis was documented to enhance confirmability.
Coding was analyzed to derive themes which were then repeatedly refined to formulate the final
interpretation of the data. These were again reviewed by the second coder for consensus.
Recruitment continued until no new themes emerged and informational sufficiency had been

achieved.?0-2!

3. Chapter 3: Results

Ten attending plastic surgery faculty from Mass General Brigham-affiliated hospitals participated
in this study. Participants age ranged from 36 to 65 years old with an average of 47. There were
two women and eight men. They were 78% white and 22% non-white. Years in practice ranged
from 3 to 30 years with an average of 17. All participants reported spending at least 50% of their
clinical time working with trainees. Almost all participants reported that their practice was 100%
reconstruction, except for one faculty who reported 25% aesthetic and 75% reconstructive. All
participants reported at least 50% of their time was spent working clinically, with the rest spent

on either research or administrative time.

The participants described cases that required intraoperative changes in plan, how they worked
with trainees in those cases, and how they prepared for those cases. They also described how

they maintained their ability to take on cases that required innovation and how they worked with



trainees in those cases generally. They discussed role models that epitomized adaptive experts
and the characteristics of those role models. They also described plastic surgeons who they felt
were poor adaptive experts and the characteristics they demonstrated. They described efforts
outside the operating room to teach adaptive expertise and how they allow trainees to try

something new or struggle in the operating room.

Overall, three major themes were identified after thematic analysis of the participant responses

was performed: role characteristics, surgeons characteristics, and teaching for adaptive expertise.

3.1. Characteristics of the Plastic Surgery Profession
3.1.a. Plastic Surgeons Expect the Unexpected
Participants described plastic surgery cases have often not having a “correct” solution. They

frequently reported that no case in plastic surgery was standard and often had more than one

solution.

"Yeah, but I think that's also like something unique about our field is that I think we
probably all could say we do that in the sense that like no defect is the same or umm even
in breast like no mastectomy defect is the same and so like you're always thinking like is
the skin of ischemic, do I need to cut it out or do I not, like I feel like we're always
changing things compared to like a hernia repair where there is like a very clear
standard. I don't think we have a standard which I think makes adaptive learning like all

the more important.”



They described that cases in plastic surgery required this anticipation of inherent complexity and
need for changes in plan, as well as creativity and innovation. Even the more routine cases were

described as requiring many small adjustments and changes to the original plan.

“I'll say that that's almost every one of our cases frankly. I think the nature of our field is
we are we are trained to be adaptive by nature. The entire specialty of plastic surgery, at
least the way that we learned it, was predicated on learning principles that you are
expected to apply across a variety of scenarios. There are very few instances in which we
have, at least in my practice, where we have a cookie cutter approach to anything. So I

think we regularly encounter scenarios in which we are forced to adapt.”

Several participants reported that, as a result, all cases in plastic surgery require adaptive
expertise and thus they described that adaptive experts in plastic surgery were able to

troubleshoot in the operating room to come up with solutions to issues as they arose.

“I think plastic surgery training actually pretty good at that because it really so many of
the cases as you know depend upon this skill. And its not like you go in and do the same
case every day, but you surprises come up and you have to adapt and change what you do
and so I think plastic surgeons always have a plan, a couple of back up plans depending

on what it looks like.”



3.1.b. Plastic Surgeons Plan for that Uncertainty
Planning was a major feature of every surgeon’s description in how they prepare for cases, both
the routine and the ones potentially requiring innovation. Many described the process of making

multiple plans preoperatively and the idea of having “Plan A, B and C” already delineated before

starting the case.

“I think very thoroughly about what my plan A is, my Plan B is and what my plan C is.

And I think we probably do that pretty well in plastic surgery thinking multiple different

plans for every case.”

They described preparing for the unexpected and for the worst case. The surgical consent process
was used by several participants to help delineate their plans and what they needed to prepare for

before even entering the operating room. They described the importance of weighing multiple

factors when developing a customized plan for a patient.

“I think just understanding what the options are and in fact what the patients. I actually
tell them that I don 't know what the defect is going to look like but here are some

possibilities for reconstruction. I go over the likely things and actually put on the various

’

options on the consent form.’

By mentally preparing to expect the unexpected, the participants were identifying the potential

for a knowledge or skill gap and they described several methods to learn before the case,



especially in taking on cases they had not done before, or might require intraoperative change in

plan. Participants described engaging with more experienced colleagues preoperatively.

“I'll typically call one or two friends that I know that do a fair amount of these

’

procedures....°

They would occasionally ask them to join the case and spoke often of the value of the co-surgeon
to discuss different plans with. They also described asking people in the operating room for

advice/comment including trainees and nurses.

“But we kind of collectively vetted our options and said OK, what are the possibilities
that we would have here? And then pooled our intellectual resources to say, you know,
here's plan A, here's plan B, plan C. Is there a plan D? Is there a plan E? And then let's
figure out which of these we think is the most reasonable. So it was very helpful to have
additional brain power in the room, both in terms of resident insight and cosurgeon

’

insight in this circumstance.’

The surgeons also described learning as reviewing multiple sources of information prior to taking
on a case that might require an intraoperative change in plan. These included reviewing photos

and imaging, reading textbooks to review the steps of different operations as well as anatomy.

“I make sure that I've got all the information I can possibly have, so I go through the

records. I go through the past op notes. I go through [online EMR] and make sure that if



there's data that might help me, I have all the data in hand, right? I try to make sure that
1 totally know what they've had done before and et cetera, et cetera. Sometimes I'm going

to get more advanced imaging because I don't really like surprises.”

Participants described that despite planning and preparing, they would often need to adapt their
plan in the operating room. They would think through all the options and try to choose the
simplest plan that solved the problem. However, there was an acknowledgement that
preoperative planning was often different than operating room reality. This would require in-the-

moment adaptation.

“I would say that you know often times in advance of surgery I sorta think through how
the operation is gonna go and what I do but almost never is that what I end up actually

doing.”

3.2. Plastic Surgeon Characteristics
3.2.a. Plastic Surgeons Who Have Adaptive Expertise
Plastic surgeons described their adaptive expert role models as being creative, flexible and

having the ability to think outside the box.

“Yeah I think [redacted] is obviously the best person in our specialty to do that and he's
well recognized for doing that and he's just such a creative guy and thinks about different

ways of doing it. He has less fear then most of us of, you know, of doing something and



having it not work out because he'’s so facile at this adaptive response you 're talking

about. That he can easily switch into a different plan and do it."

They additionally described the need for confidence, being bold and being comfortable being
uncomfortable. They felt that adaptive experts in plastic surgery had the confidence to switch
plans in the operating room if necessary and did not fear the situation because they knew they

could develop another plan if necessary. Some felt that this confidence came from having

multiple plans preoperatively.

“Just always thinking outside of the box. You know this thinking way beyond what you
would think you know is a option for the patient and not shying away from something that
it's just one and done but realizing you're embarking on a long process to achieve the
desired result but being able to have confidence in in your ability to deliver that result

and I always admired that individual for just applying the standard principles in just

really novel ways."

The surgeons also felt that plastic surgeons enjoy changes in plan, adapting and innovation.

“Part of the appeal of our field to me is that it is, it doesn't get old.....It's almost by
definition, an innovators specialty. So it's part of what I find so rewarding. But what we
do, is there always seems to be an opportunity to think creatively about, like almost every
operation we do and it's a really nice aspect of reconstructive plastic surgery. I think it's

why we have the best surgical job there is. So it's part of what draws people to it, I think."”



“Because I think that if you don't like plans to change, plastic surgery is painfully
stressful because plans are changing all the time and if you, I mean I think you can
contrast that with some specialties. Like if you're a joint replacement surgeon, like you're
really, you don't have nearly the same changes. And when you work with some of those
surgeons, they really dislike, even their schedule being changed, whereas we re like our
schedule’s changing, our co-surgeons are changing, the problems are changing. Like I
think there are certain innate aspects to that that we do OK with and other people don't

enjoy.”

They were able to tolerate the unexpected and changes in plans. It is what draws them to the field
and some postulated that we were selecting for these traits in students versus students with these

characteristics being drawn to plastic surgery.

“We tend to attract creative people. So medical students that go in and see this type of
behavior and like it, are gonna be attracted to our specialty. Whereas people that wanna

have things controlled and very predictable is probably not a great thing to do.”

3.2.b. Plastic Surgeons Who Do Not Have Adaptive Expertise

The plastic surgeons in this study described numerous characteristics of the plastic surgeons who
lacked adaptive expertise. They described surgeons that lacked the ability to pivot or change
plans in the operating room as surgeons that struggled with both adaptive expertise and plastic

surgery in general.



“They've gotten to the point where they treat everything like a cookie cutter approach and
that may work actually a decent amount of the time. But it means that person is not
equipped as well to deal with uncertain scenarios or when things don't go as planned.

And also is less adept in some ways to deal with complications as well.”

They felt that poor adaptive experts in plastic surgery did not like unpredictability, which they

found stressful, and were not open-minded, causing them to limit the types of cases they did.

“Yeah, and it doesn't mean they're not a good surgeon. It means they're not a good
adaptive expert, and I think that's a really interesting distinction, because I mean, one of
the people I'm thinking of is a superb surgeon. But this person really likes a plan that
never changes. This person has told me that he likes a plan that doesn't change and he's
told me he likes a cut on the dotted lines, using those words and I think there are some
people who particularly like to not have to change a plan, and I get that. Like, that's an

)

OK place to be, but yes, there are definitely people in that situation.’

“Yeah. I mean you’ll run into people that are sorta my way or the highway sorta people.

They 're very wedded to some sort of technique and not open minded.”

“Like I think that happened so often that it's just part of what we do, but I do think that if
you stop doing those cases, it becomes stressful to start doing those again. Like you'll

notice people as they go through their careers, some people gravitate towards not doing



those things, and I think either those people never enjoyed adaptive expertise or they

found it stressful, whereas some people do more and more of that in time.”

They described those surgeons as sometimes fearful, panicked and frustrated. Additionally, they

felt that surgeons that did not enjoy adaptive expertise truly did not enjoy plastic surgery.

“[ think it's far more common for someone without adaptive expertise, at least in plastic
surgery, to struggle more, and so I was giving you a sort of an exceptional example, but I

think most people who don't use adaptive expertise, find plastic surgery generally

stressful.”

3.3. Plastic Surgeons Teach and Model for Adaptive Expertise

3.3.a. Planning as Educational Activity

Participants frequently described the need to talk out loud during the case and during any
decision making, both in the clinic and in the operating room, in order to help residents

understand their approach and the why behind their choices.

“My general approach is to talk out loud a lot during the case like I'll oftentimes be like,
you know, let's try this for this reason. And I also give a justification for it. And then I'll
also give a justification for switching paths and why. Because I think the why in surgery
is really important to me, but wasn't necessarily that developed from the standpoint of

every surgeon that I worked with. So I tried to develop that ‘why’.”



“This is the situation where I think the most teaching comes from it because you're kind
of doing 3 cases in one. You start out by saying, OK, here's our plan and then sort of
pimp is the wrong word. I'm sure that's not what the School of Education likes us to say,
but you know you can talk somebody through what your plan A was, but then you can
also say, OK, here we've just got hit with a curveball. What are we gonna do now? What
are our options and why are we gonna choose them and then, oh that's not gonna work.
Why are we going to do this? So I actually think with a resident it's an opportunity for
teaching that's actually better than a lot of cases. And so I tend to like to teach them to
think about what they're going to do now rather than just saying, oh, this is what I'm

)

going to.’

“So I think like talking out loud to trainees and the thought process planning and then
actually doing the case with them because I think developing muscle memory, actually
seeing it is really helpful. Once [ see that they 're, you know doing a great job with the
technical part of it, or even if they aren't necessarily, I'll ask like, what do you want to do
next? You know what would you do and you know, think about this next part. So I think

that involving them in the planning and thought process.”

“Secondly, I try to make them think about why they're doing things because it's so easy
for us to do things just because that's the way it was done or because that's what ['ve
been taught. But thinking consciously about your reasoning and your rationale, I think is
really important. So I try to ask them why they're doing things or explain why I am doing

something....., but I guess spending more time focusing on what your different options are



for a different thing. And often I'll ask somebody. Hey, what would you do for this? And
I'll get a fairly textbook answer, but then the discussion is well, why are we not doing it

that way? And I think that's a very important part as well, right?”

They also asked the trainees to develop their own plans and solutions to issues that arose. They

would allow them to recognize the problem and then mentally walk through the plan.

“But in this situation, it was just letting the resident try to figure out why it might be
congested for a while. Right. So if a flap doesn't look good, you gotta give them time to
figure it out and diagnose the problem and understand why that problem exists......And so
when there's something that is showing itself, then you gotta push the resident to one,
identify that you're seeing something that maybe they're missing. And so how do you do
that? And so you kind of stare at it funny. A couple of times you press on it, you put your
handle of your scissors against it and after you know, initially they may think you're kind
of like, why do you keep doing this? Like, let's get out of here. Hey, there's something
that's going on. Let's take a closer look. So and then asking them like, OK, so we took a
closer look, there is something wrong. How do you want to fix it? Then they're not going
to do it. Like I'm gonna be the one doing it because there's something wrong and there's a
patient on the table and it's a big deal. But they at least have to kind of go through the

)

options.’

“It's talking through things, so a lot of times it's things are going smoothly and it's great.

And then you say, well, what would you do if, what would you do if this happened or



talking about while you're doing something like, I would like 2 weeks ago or a month
ago, I had this one case and this is what happened. And just talking through, so you know

hopefully you don't want to have to have these situations occur.”

They described putting the resident on the spot to help them experience the uncomfortable

feeling of not knowing what to do.

“Second being pimped. Like it's really helpful to be put on the spot because that's kind of
what's happening to you and your career, right, like, right now, if I walk into the
operating room and I don't know what to do, that's exactly the same as being pimped by

)

the patient instead of by my attending. So I do think that that was helpful to me.’

Multiple participants identified the need to tailor their approach depending on the trainee and

their abilities.

“Yeah. If it's someone like [Redacted], I don't think I need to run through it before the
case. And then if there's an error then I feel like we can have that discussion, then talk
about it. But I have done this case enough with her before that I know she knows the
different options available. If it's someone like [Redacted] and I might run through it
before the case starts to say, hey, if this happens, what do you think we could do?

Because I think that's important from an education standpoint. But then I tailor it to the

resident I'm working with.”



3.3.b. Developing Innovation in Trainees

The surgeons described the need for allowing trainees to make mistakes, though keeping them

small and correctable.

“So I think that they can do small correctable mistakes and then that’s the best thing. And

so kinda a variable leash depending on their abilities.”

They further described allowing residents to try new things, as long as it was deemed safe. They
felt it was important not only for residents to see that more than one plan is possible, but also
how staff handle complications. Learning from mentors who could get out of trouble, and most
importantly, think creatively, was felt to be an incredibly important part of training in plastics

surgery.

“I think that the nature of our training, in particular the nature of my fellowship
experience was spending time with people learning how they think. You know, for me,
fellowship was less about the technical aspect of it. It was learning how somebody like
[redacted] approaches a problem and breaks it down into pieces that lend it lend itself to
a solution. That, and I think you wind up absorbing, hopefully absorbing, that problem
solving, that approach to problem solving and being able to apply it to multiple different
scenarios. Like that approach is agnostic to the specific problem at hand. It's a way of

thinking about things that you can apply universally to a variety of scenarios and

’

situations.’



The importance of direct and ongoing feedback in the operating room as part of this process was
frequently mentioned, especially if the attending was allowing the resident to do a portion of the

operation.

“Yeah, and both positive and negative. Like that's a good plane. I think you got out of
that plane. I think you're bruising skin there because you're too superficial. You know, [
want more attention with your left hand. You know, whatever it is, right? And you do it
constantly too. So just constant, constant verbal feedback. And I'm sorry, sometimes
demonstrating too. Like if they're just completely off, just saying I want you to see this

and then giving back.”

3.3.c. Outside of the Operating Room
Staff described the plastic surgery conferences and morbidity and mortality conferences as oral
board style experiences, where different plans would be discussed and where residents would be

forced to generate their own plans.

“I think we talk about a lot of these things at our conference. I think that'’s good. Our
interesting case, M&M and indications conferences. We talk about things and you know,
have a discussion among the faculty members and the other thing is that there is not one
right way to do things. People have different ways to solve the problem, but oftentimes to
put all those out on the table...{...}...But having that discussion and having the residents
see somebody, you know, have one view and other people have different views and being

able to back that up, I think was very helpful.”



4. Chapter 4: Discussion

The field of medicine has always been a rapidly changing field. The physicians training today
will face problems later in their career, both clinical and otherwise, that they have never seen
before. In light of this, the model of expertise in health professions has evolved over the last
several years from focusing on the idea of routinized efficiency, obtained through training
methods such as deliberate practice, to the ability to both recognize and solve problems the
physicians may have never seen before.®!!-22 This requires innovation and the ability to adapt to

unfamiliar problems and situations.

4.1. Current State of Plastic Surgery and Adaptive Expertise

Although there is significant literature on the development of “expertise” in surgeons, as well as
the perceptions of adaptive expertise in medical students and residents, little has been published
on how surgeons, and in this case, specifically plastic surgeons develop or perceive either routine
or adaptive expertise. There is recognition within the field of plastic surgery of the importance of
being innovative.!®23-25 In fact, some plastic surgeons have posited that this very tendency
towards innovation is what gives aesthetic plastic surgeons a competitive advantage over
aesthetic surgeons from other disciplines.!® In most textbooks on plastic surgery, the field is often
described as a problem-solving, creative field, as the field has no particular dominance over
certain pathology, anatomical boundaries or age groups. This was echoed in our study where the
participants described cases within plastic surgery as having no correct answer. They described
that every case in plastic surgery as not routine and that plastic surgeons who epitomize adaptive

experts thrive in this environment as they have the ability to pivot and change plans as needed.



4.2. Characteristics Related to Adaptive Expertise in Plastic Surgery

Pelgrim et al, in their overview of reviews entitled “Professionals’ adaptive expertise and
adaptive performance in educational and workplace setting: as overview of reviews,” initially
reviewed over 2259 articles, narrowing this to 97 reviews published between 1986 and 2021 in
English, German and Dutch in all scientific domains. They described adaptive expertise as
having to do with “changing tasks or environments and getting accustomed to this change” and
adaptive performance as “the visible expression of adaptive expertise.” They noted the various
characteristics that related to both adaptive expertise and adaptive performance.?® They found
individual characteristics, job task and/or training characteristics and characteristics of the
learning or work environment all contributed to the development and maintenance of adaptive
expertise. In our study, we found these same three areas were perceived by the participants as
contributing to the development of adaptive expertise in plastic surgeons. As pertains to the
learning or work environment, the review found many characteristics which were seen in places
where adaptive expertise thrived. Although most of these were not explicitly stated by our
participants, there were some characteristics seen in the plastic surgery “environment”. These
included a “climate for innovation” and “being confronted with novel situations and learning

new tasks.” These were certainly overlapping with our participants experience.?

In addition to the characteristics of the learning and work environment, many of the personal
characteristics and job tasks and/or training characteristics mentioned in the review by Pelgrim et
al were explicitly mentioned by a number of our participants. For personal characteristics these
included “cognitive flexibility, prior adaptive experience, general adaptability, deep

understanding of problems, seeing problems as an ongoing, iterative process, openness to



novelty, experience and multiple perspectives/embracing complexity, job experience, critical
thinking, flexible execution, improvisations/creativity, innovativeness, collaborative and clear
communication.”?® Each of these were mentioned by our participants as characteristics of
adaptive experts in plastic surgery or plastic surgeons in general. Without explicitly stating it,
plastic surgeons are valued for many of the characteristics felt to be related to adaptive expertise

and adaptive performance.

Additionally, job tasks and/or training characteristics, delineated in Pelgrim et al’s review
overlapped with many of the training techniques which the plastic surgeon participants described
using with trainees, as well as in their own practice. These included “solving non-routine
problems, variability of cases, guided discovery with hypothesis testing and problem solving,
metacognitive and challenge-based instruction, learning from errors or difficult, conflicting or
paradoxical situations, reflection triggered and inquired by experiences, learning and errors and
problem solving in interaction with others, collaborative learning or social learning,
interdependent knowledge-wise.”?¢ Several of the attendings described challenging the trainees
to recognize problems, develop their own solutions, understand “the why” behind various
decisions and putting the resident in positions where they had to physically draw out the plan or

try something new.

It would seem that in our participants the personal characteristics, job/task characteristics and
learning/work environment all show elements of work previously done within the realm of
adaptive expertise. With that in mind, the question becomes how can we improve upon what is

already being done to train for adaptive expertise in plastic surgery?



4.3. Early Mindset for Innovation

Dr. Maria Mylopoulos and her group at the University of Toronto have explored how both
medical students and residents perceive expertise and its development.?’?8 In their study on
third- and fourth-year medical students at a large, urban medical school, they found that students
felt that it was their job to develop knowledge and learn to apply that efficiently. They felt that
innovation was something that experts in the field did once they had completed training. The
students did not perceive that innovation was part of their current toolbox and felt they must
master efficient routine expertise first. The authors posited that the students’ development of
adaptive expertise may actually be decreased as a result since they did not recognize the
importance of concurrently developing the ability to problem solve for problems not previously
seen.?’” In Mylopoulos’ study of residents, the residents still focused on the need for routinized
efficiency as part of their expert development. However, in contrast to the medical students, they
recognized the complexity of routine practice and that nonroutine problems would certainly be a
part of their future practice. There seemed to be a shift in this resident population away from
pure routinized efficiency and towards the acknowledgement that non-routine problem solving
was in fact a crucial part of expert practice. However, the authors noted that this discovery of the
importance of non-routine practice seemed to be discovered by the residents themselves, rather
than explicitly stated as part of their training curriculum. The authors posited that resident
education focused on knowledge acquisition, leaving trainees to discover the need for other
forms of knowledge (i.e.. the need for nonroutine problem solving) on their own, resulted in a

missed opportunity to maximize learning for adaptive expertise.?



Interestingly, in our study population of surgeons, the concept of nonroutine problem-solving
was felt to be integral to the field of plastic surgery. They not only described enjoying this part of
their practice, but also echoed that they felt medical students were drawn to the field based on
this desire for nonroutine problem solving seen in adaptive expertise. They also perceived that
plastic surgeons that struggled with new problems and lacked the ability to pivot intraoperatively,
found plastic surgery as a field stressful and often narrowed their practice accordingly. They also
felt that those that did not enjoy adapting to change chose other subspecialities in surgery. In
plastic surgery training, and even amongst medical students that apply to plastic surgery, the idea
of innovation and the need to train for the uncertain seems to be an explicit and early part of their
training. Unlike the population of residents in the Mylopoulos study that needed to discover the
relevance of non-routine expertise on their own, plastic surgery medical students and trainees

were being exposed to this idea from the start of training.?8

4.4. Plastic surgeons and the Optimal Adaptability Corridor.

The implications of this recognition of the need for innovation and adaptive expertise early in
surgery, seems to have implications for the “Optimal Adaptability Corridor” in plastic surgery.?
Plastic surgeons and their trainees, with their recognition that innovation is required in plastic
surgery training from the start, focus on creative exploration earlier. This may ensure that not
only do they eventually develop adaptive expertise, but perhaps they develop it earlier, allowing
these skills to develop as trainees and further be honed once attendings, rather than learning these
skills during attending practice. This would allow them to take on challenging cases, requiring
novel techniques or solutions, right out of residency, seemingly an important skill for

reconstructive plastic surgeons. However, one might posit that their development of routine



clinical expertise is slowed or hampered, as they are constantly searching to improve and create
within the field. This may have consequences for how plastic surgeons train. For example, plastic
surgery programs may need to recruit students who already have developed some of the routine
clinical expertise in surgery (suturing, anatomical knowledge, etc.) earlier than their peers in
order to keep up with plastic surgery training, since routine clinical expertise may be less

emphasized.

4.5. Plastic Surgery and Training for Adaptive Expertise

In their early quest for adaptive expertise, training in plastic surgery seems to inherently involve
a number of approaches that have been recommended for training for adaptive expertise without
the explicit recognition of this approach. As outlined in Branzetti et al’s article “Training for
Adaptive Expertise: Why, What, and How,” four instructional strategies for developing adaptive
expertise have been popularized, including conceptual understanding, meaningful variation,
productive struggle and discovery and self-regulated learning.? These have also been discussed in
numerous other publications.”!%!1:17:30 Many of the surgeons who participated in our study

discussed the importance of cognitive apprenticeship as part of their process for training

residents, especially in the operating room. They discussed the importance of thinking out loud
to not only share their reasoning as they thought through problems, but also to gain the input of
others in the room, including the trainees. Participants also talked about how important it was to
learn how their teachers “think” during their training. “Elaborative interrogation”, which
includes asking “how” and “why” questions was also described by our participants as a way to
engage residents with critical thinking. This is another key to conceptual understanding in

teaching for adaptive expertise. In terms of meaningful variation, our participants discussed the



importance not only of experience and exposing residents to various type of cases early in
residency, but also using “hypothetical questioning” to use a current case to imagine various
scenarios requiring residents to problem solve about hypothetical problems, complications or
variations. Simulation can also be an avenue for giving trainees exposure to meaningful variation
and this was frequently mentioned by participants in the form of oral-board examination style
conferences, which are frequently utilized and where different reconstructive problems and their
various solutions were discussed. These conference simulate the American Board of Plastic
Surgery Oral Board Exam, where applicants are given several unknown cases that they must
develop care plans for, often including operative plans. This method supplements the trainees’

exposure to cases they may not see in their day-to-day practice.

Productive struggle and feedback are other instructional strategies for developing adaptive
expertise. Again, participants described allowing their residents to try and come up with their
own solutions for problems, whether that was designing an entire operative approach they had
not done before (like trying a superior pedicle breast reduction for the first time) or having the
resident not only verbalize their plan, but also physically draw their planned incisions or flap
design on the patient, before explaining to the resident any issues with their attempts. Relational
autonomy, described by Branzetti et al as letting “learners enact different patient care plans from
that of the supervising physician if reasonable and well justified” and guided discovery,
described as allowing “learners to generate their own solutions to problems prior to teaching the
right answer or giving corrective feedback,” were both techniques that the plastic surgeons
described using with their trainees.? They did not have the vocabulary to describe it as such. Nor

did they have formal teaching that led them to believe this was an ideal tool. It would seem that



plastic surgeons have developed these techniques of training and passed them down as a way of
developing adaptive expertise in their residents without having characterized it as adaptive

expertise per se.

There are a number of instructional techniques for adaptive expertise that were not specified by
our participants. The surgeons did not mention explicitly training their residents on how to learn.
Strategies like self-regulated learning were neither mentioned or described.? Nor did they
describe preparing their learners for future learning throughout their career, though the surgeons
themselves described their own continuous medical education on a number of instances.
Additionally, although participants frequently described questioning the residents in the
operating room about the “why” of certain choices and posing to them various hypothetical
situations, in addition to giving frequent technical feedback, the surgeons never described
coaching learners on how to plan their learning or develop relevant action plans on how to learn.
This is perhaps a clear deficit in the development and maintenance of adaptive expertise in

plastic surgery and an area for improvement within plastic surgery training.

4.6. Training Recommendations

How can we use what we have learned about what plastic surgeons are already doing to improve
upon the training of adaptive experts in plastic surgery? First, one area for improvement could
include being more explicit about our teaching for adaptive expertise in terms of both mindset
and open discussion of frameworks such as the Master Adaptive Learner (MAL). The Master
Adaptive Learner framework helps learners develop adaptive expertise, was informed by

research in medical education, practice-based learning and the plan-do-study-act cycle for



continuous quality improvement.!>*! It describes four phases of an integrated process which
helps learners function within the Optimal Adaptability Corridor. These phases are planning,
learning, assessing and adjusting.!*!5 In addition, a number of both internal characteristics of the
learner and the influence of the context in which they learn, impact the ability of the MAL to
thrive. The internal characteristics include curiosity, motivation, mindset and resilience. External
factors include the influence of coaches and the learning environment in which the MAL
functions.!? Overall, the Master Adaptive Learner process helps learners in medical education

both learn new concepts and innovate solutions.

Our participants were clearly doing many of the techniques that promote adaptive expertise
already (conceptual understanding, meaningful variation, productive struggle and discovery),
almost unconsciously. Additionally, plastic surgeons’ harness many of the internal and learning
environment characteristics that support the MAL framework. However, with proper professional
development of both attending surgeons and trainees, including a shared language and mental
model around training for adaptive expertise, perhaps these techniques could be used not only

more universally, but with more intention and perhaps even with methods for assessment.

The importance of “slowing down when you should” is another part of expert practice described
in the literature.3>3 Expert surgeons describe overcoming the automaticity of an operation when
reaching a difficulty or unexpected point. Missing the sign to slow down can lead to dire
consequences. Researchers in this area have posited that having a shared language around this
need to “slow down when you should”, in addition to sharing this information by thinking aloud

while operating, can help pass this important aspect of expert development on to trainees.** In a



similar fashion, having a shared language around adaptive expertise and relevant teaching

methods, may help plastic surgery attendings and trainees better develop these skills.

Another potential tool, simulation, in the form of oral board-style sessions, could be employed in
a more defined fashion with formal feedback and assessment, and potentially used to make
competency decisions about trainees. Additionally, a possible improvement in our training, given
its lack of acknowledgement by our participants, would be the introduction and promotion of
self-regulated learning. Creating a formal “how to learn” curriculum, with the Master Adaptive
Learner (MAL) Framework at its core, could help trainee better guide their learning outside the
operating room. Notably, coaching is considered a crucial part of the MAL framework.!
Although many of the surgeons described coaching-type behavior both in and outside the
operating room, formal coaching training for attending surgeons and could improve residents’
ability to plan their learning within the MAL framework. However, with no formal professional
development on how exactly to do this, surgeons in our study seemed to being emulating
behaviors of surgeons they enjoyed learning from as trainees, rather than using specific

evidence-based techniques.

In summary, the participants in our study demonstrated many of the personal, but also task and
learning environments characteristics that make functioning as and training for adaptive
expertise possible. Despite no explicit training in instructional design for adaptive expertise, the
participants inherently used a number of techniques shown to be critical in teaching adaptive
expertise. Perhaps with more formalized professional development, and the introduction of self-

regulated learning behavior, plastic surgeon adaptive experts will train the next generation of



adaptive expert more efficiently, leaving more opportunities for assessment of these behaviors

and better competency decisions.

4.7. Limitations

This study has several limitations that must be acknowledged. First, this study took place at two
large academic centers in Boston. By the nature of their practice, the participating surgeons were
assumed to be adaptive experts. However, there was no criteria for determining whether these
surgeons were truly functioning as adaptive experts. The principal investigator was also a plastic
surgeon and colleague of the plastic surgeons interviewed, which could affect the level of
comfort the participants felt in being open about challenging cases or in discussing how they
work and train with residents. Given the descriptive nature of the study, recall bias is inherent to
the design. Additionally, although a second coder was involved in coding five out of the ten
interviews in this study, not all interviews were discussed between coders, potentially impairing

the analysis of the subsequent themes.

4.8. Future Research

Plastic surgery continues to define itself as an innovator’s specialty. We lack ownership of any
specific part of the body, age group or pathology. Plastic surgeons have described themselves in
the literature as problem solvers and, as illustrated in this study, clearly function as adaptive
experts, training the next generation for similar expertise. However, with lack of ownership
comes the risk of being replaced. Microsurgery is increasingly utilized by the surgeons who we
used to collaborate with (Otolaryngology for head and neck reconstruction, orthopedic surgery

for lower extremity reconstruction). Perhaps it is not long before breast surgeons learn breast



reconstruction. Therefore, as problem solvers, innovators and ultimately adaptive experts, we

need these skills to not only define ourselves and our specialty, but also continue to make our

skills relevant. If we continue to train the next generation in these skills, and perhaps do it better,

not only can we share these techniques with other specialties, but also produce surgeons that will

create new surgical solutions to problems, a long-standing and critical function of plastic surgery.
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Appendices

Interview guide:

Intro:

Thank you for taking the time to meet with me today. My name is Lydia Helliwell and [ am a

Masters of Medical Education student at Harvard Medical School and a plastic and

reconstructive surgeon at Brigham & Women’s Hospital in Boston.

The purpose of this interview today is to learn more about your development of adaptive

expertise as an attending plastic surgery. I will define adaptive expertise momentarily.



There are no right or wrong answers. I apologize if I cut you off at any point. There’s a lot that I
would like to ask you about and I would like to make sure we cover as many topics as possible in

the time that we have. The interview should take no more than 45 minutes.

If it is ok with you, I will be recording our conversation. This will help me to analyze it later and
ensure that I capture accurately everything that you have said. However, I will never share
anything you say in connection with your name. I hope to complete a series of interviews,
analyze the data for common themes, and submit a manuscript for publication. None of this
information will be tied to any identifying characteristics, such as your name, date of birth,

address, etc.

I would like to reassure you of the confidentiality of this interview. Please feel at ease to discuss
your experiences. However, you are welcome to skip any questions that you would rather not
answer or stop the interview at any time. If you do not understand any of the questions, please let
me know and I will explain them. Do you consent to participate in the study? and do you consent

to the recording? Do you have any questions before we begin?

[As you saw in the study information sheet, attached to the calendar invite, we are going to

record the interview today. Is it ok if I press record now?]

Warm Up:
O Age?

0 Gender?



0 Ethnicity?
0 What year are you in practice?
0 How would you describe your practice from a subspeciality standpoint (hand,

breast, micro, etc)?

O Percentage wise, what % of your time do you work with trainees (residents or
fellows)?

O What percentage of your practice is clinical (vs research or administrative?)

0 How would you define the field of plastic surgery in 2 sentences /3 min or less?

Core:
I want to spend a moment defining adaptive expertise. Adaptive expertise is the ability to
efficiently problem-solve in routine scenarios while also being able to “adapt” or innovate when

faced with a new, previously unencountered problem.!

Adaptive expertise builds on routine expertise, which requires mastery of knowledge, skills and

procedures. Routine experts use these skills in efficient and accurate ways.

However, adaptive experts are additionally able to respond to new and complex situations with

novel approaches.

Adaptive experts have the ability to transfer existing knowledge to innovate a solution for an

unfamiliar problem.



In my own practice for example I regularly face sarcoma defects I have not encountered before

and have to make an in the moment plan for how I will close the defect. So with that in mind....

O Can you tell me about a challenging case where you had a plan pre-op that had to

be modified intraop because of something unexpected?

@ How did you prepare for the case beforehand?

@ How did you decide on your final solution/plan?

e What prepared you to be able to take on this type of case?

e In general, what is your approach to cases like this where you have to

come up with a solution intraoperatively?
@ How did you work with a resident in this case? (Or how would you work

with a resident in this case?)

O In your practice, what types of operations demand intraoperative adaptive
expertise?

@ Do u do anything special to prepare for these?
O How do you think you maintain your ability to take on challenging reconstructive

cases that do not have a one size fits all solution/don’t know what the solution would be?

0 Can you describe training techniques that helped you develop adaptive expertise
(the ability to innovate and problem solve) when faced with cases that do not have a

prescribed solution?



e How do you teach residents to take on these cases?

O Can you think of a role model that you believe epitomizes this idea of an adaptive
expert- someone that is able to efficiently problem-solve in routine scenarios while also

being able to “adapt” or innovate when faced with a new, previously unencountered

problem?
@ Why do you consider them to epitomize an adaptive expert?
@ What did you learn from them from them?
@ Can you give me an example of someone who you think is not a good

example of an adaptive expert? Why?

O Can you tell me about a time you allowed a trainee to try something new, take a

risk or struggle with a new problem in the operating room?

e What strategies do you use in these situations to support the trainee in this
process?

O What do u think we do outside the OR to help train adaptive experts?

O On the flip side, can you tell me about a case that you perform that you essentially

perform the same way every time?
@ Now with that case in mind, can you think of an example where this
seemingly routine case required an intraoperative change in plan? (Unexpected

finding? Complication?)



e How did you handle it?

Wrap up:

I want to be respectful of your time:
O Is there anything else you’d like to share about adaptive expertise in plastic
surgery?
O Anything we missed or anything I should have asked that I didn’t?

0 Do you have any questions for me?

Thank you for your time today.



