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“Upon the subject of education, not presuming to dictate any plan or system
respecting it, I can only say that I view it as the most important subject which we
as a people can be engaged in... For my part, I desire to see the time when
education, and by its means, morality, sobriety, enterprise and industry, shall
become much more general than at present, and should be gratified to have it in
my power to contribute something to the advancement of any measure which might
have a tendency to accelerate the happy period.”

— Abraham Lincoln, March 9, 1832

Dr. Kohler would like to dedicate this book to his parents and to all of his former
mentors and teachers that are too numerous to name. He would also like to thank
all of the medical students, residents, and fellows with whom he had the
opportunity to teach and indeed learn from in turn.

Dr. Schwartz would like to dedicate this book to his parents and his two sons for
always emphasizing the value of both teaching and learning, thereby making him
better at both. Also, to all of the students he has taught over the years, most
notably his urology residents, for being given the opportunity to influence both
physicians and patients for generations leaving an indelible carbon footprint.



Preface

“Let each become all that he or she is capable of being through education.” — Anonymous

The average surgeon may operate on 5000—10000 patients if he or she is lucky
enough to have a healthy and fruitful career. But a surgeon educator who teaches,
trains, and mentors medical students, residents, and fellows easily influences an
exponentially greater number of patients. Thus it is paramount that surgeons have
the skills to teach the next generation of surgeons — not only on how to tie a knot,
but also how to handle the unexpected, how to remain calm under pressure, how to
be professional, and when and when not to operate.

Yet, many surgeons have had no formal training in how to teach. Further, current
surgical educators are dealing with ever-increasing challenges to teach more in less
time. A few of these challenges include the restriction on resident duty hours, edu-
cational core competencies, ever-changing science and technology, generational
differences, electronic health records, patient safety, and pay for performance
criteria.

This book is designed to help the reader (surgeons, program directors, or anyone
involved in medical student, resident, or fellow education) understand the principles
of contemporary surgical education and skills and is laid out into 3 main sections.

Section 1 “Foundations of Teaching” provides the reader with an introduction to
teaching and lays a foundation for subsequent chapters on which the reader can
build. From basic principles of how we learn to how we assess complex medical
procedures, the reader gains insight on the basics of teaching. Section 2 “Program
Optimization” describes how to assess and assure quality in both clinical practice
and in teaching. Section 3 “Lessons and Insights of Surgical Education” details how
to actually teach and provides examples of the art of teaching in the surgical field.

The ultimate goal of this book is to prepare the reader to excel in education and
thus be able to positively influence patient care well beyond that of any one indi-
vidual and hopefully perpetuate the teaching and learning culture in our field for
generations.

Rochester, MN, USA Tobias S. Kohler
Springfield, IL, USA Bradley Schwartz
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Foundations of Teaching



“See One, Do One, Teach One?” A Story
of How Surgeons Learn

AnnaT. Cianciolo and Joseph Blessman

It is November. The skies have grown sullen and gray, and a bone-deep chill suffuses
the air. A young surgical resident, seeking to impress his girlfriend, has decided to
cook her a pot roast, a favored comfort food of his family for generations. As his
roommate looks on, he carefully cuts a quarter inch off both ends of the roast and
places it in the pan. “Why did you cut off the ends?” his roommate asks. The resident
pauses, looks at the knife and strips of excess beef, and shrugs. “My mom always
did it that way, and I learned from her.”

The dinner date was a success, but his roommate’s question nagged the resident’s
mind. The next time he spoke to his mother, he asked, “Mom, how do you cook a
pot roast?”” His mother proceeded to explain, adding, “You cut off both ends before
placing it in the pan.” “But why?” the resident asked. His mother replied, “That’s
how your grandmother did it, and I learned it from her.” At Thanksgiving dinner a
few weeks later, the resident, still curious and unable to find an answer online, asked
his grandmother, “When you cook a pot roast, why do you cut both ends off the
meat?” Before she could answer, the resident’s grandfather piped up, “I never could
get a pan big enough for your Nana’s pot roasts, so she trimmed the meat to make
them fit!”

Versions of this pot roast parable are shared to convey the importance of critical
thinking to awareness, adaptability, innovation, and change. In surgical education,
stepping back from the pursuit of simple, straightforward training prescriptions to
ask “Why?” and grapple with “What’s going on here?” leads to seeing learning in
new, more insightful ways and opening up possibilities to take trainee development

A.T. Cianciolo, PhD (<)

Southern Illinois University School of Medicine, Department of Medical Education,
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to the next level [52]. One could ask, for example, why is “see one, do one, teach
one” held up as a time-honored approach to training technical skill? Are today’s
training objectives and conditions the same as in 1890, when William Halsted
founded the surgical residency on this model [36]? Considering the dizzying array
of technology in the modern operating theater, is observing a procedure once enough
for a trainee to go on and successfully perform the procedure and then teach it to
others? If the answer to this question is no [54], how many repetitions are needed
and how can they be provided in light of patient safety concerns and restricted duty
hours? What kind of repetitions “count” as practice? The Accreditation Council for
Graduate Medical Education’s recently established Next Accreditation System [47]
also has raised this question: How do we know if practice is actually making sur-
geons competent?

Theorists in medical education make it their business to ask questions. They
explore learning in all its complexity so as to enable a thoughtful, purposeful
approach to developing others [26, 42]—an approach in which understanding and
practical solutions evolve as people share evidence and insight from grappling with
educational problems in their local setting [52]. At the program level, learning the-
ory may be used to inform decision making on training standards and policy, as well
as the adoption of educational infrastructure and technology [34]. At the individual
or team level, understanding how people learn may help surgical educators adapt
instructional and assessment strategies to best suit the needs of their trainees, their
patients, and their service. Learning theory has been used, for example, to explore
how the old “see one, do one, teach one” adage may be updated to improve learning
outcomes in the modern surgical training context [36].

Documenting all the questions that theorists have asked about learning, and the
answers they have produced, far exceeds the scope of this chapter. Instead, this chap-
ter tells a single story of how surgical trainees develop by weaving multiple theories
together. It is a story that emerges out of stepping back from the immediate, practical
tasks at hand, carefully examining all that is going on, and packaging that complex
reality into a narrative about learning that can be readily understood and shared with
others. It is a tale of how environmental conditions, supervisory methods, and trainee
characteristics cooperate to produce surgical expertise. The purpose of telling this
story is to present surgical educators inclined to ask questions with answers they can
use to enrich their thinking and to approach educational improvement with an atti-
tude of experimentation and innovation. Ideally, this story also will inspire educators
to contribute to theory as an important way of developing the next generation of
surgeons [8]. Much of this story likely will seem familiar, perhaps even obvious, like
traveling down a neatly paved road, but hopefully it also is a bit unsettling, like the
urge to follow that road around the bend to a destination not yet envisioned.

The Surgical Learning Context

Our story opens in the teaching hospital, a demanding place by any measure. Here,
trainees commonly encounter an “unfiltered immersion experience” ([25], p. 105),
where they are simultaneously learners and functional members of the surgical
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team. Learning occurs on the job, in full context, within a group of providers that is
hierarchical, interprofessional, and frequently changing [9]. Focused technical skill
development must fit within a mandated 80-h workweek along with clinical paper-
work, quality improvement projects, scientific research, and teaching junior peers,
which requires maximum efficiency in the face of numerous distractions and unex-
pected events [9, 25]. Technologies used to perform procedures are constantly
evolving, changing the organization of surgical work and requiring the development
of new skill [9, 49]. To accelerate skill acquisition, training supplements immersive
learning with skills laboratories, simulation exercises, and didactics such as grand
rounds and journal clubs [25]. Workload is high at all levels of the hierarchys; this is
a setting where learning to work fatigued during training is believed necessary to
meet the demands of future independent practice [16].

With learners on the care team, educators must balance the obligation to provide
a high volume of safe, quality care with the mission to develop trainees at all levels,
from medical student to fellow [32, 51]. Trainees’ performance is assessed regularly
[29] using methods that range from written tests to direct observation of real or
simulated performance and assessors that range from supervisors and peers to non-
physician providers, medical students, and patients [58]. Surgical educators are held
accountable for high-risk, high-stakes outcomes, which depend not only on their
technical skill but also successful team coordination and careful regulation of train-
ees’ graded responsibility in patient care. The operating theater provides opportuni-
ties for educators and trainees to work closely together on technical skill in practice
[6, 63], but even here the decision to entrust trainees with independent activities that
will enhance their learning depends on many factors that differ with each procedure,
trainee, and educator [8, 30, 32, 51].

In sum, the surgical learning context offers opportunities for and places constraints
on trainee development that differ vastly from the classroom [8, 20, 40]. To support
educational decision making, theory must be able to explain how performance
improvement happens here [42]. General theories applicable to surgical education
explore what expertise looks like and the kind of practice it requires [5, 19, 24]. They
examine how social dynamics influence what is learned, how, when, and from whom
[3, 12, 38, 59], how workplace characteristics shape learning processes [7, 21], how
experience can be structured to promote optimal learning outcomes [11, 35], and how
learners play an active role in their own development [13, 57, 64]. Theory specific to
surgical learning illustrates how this more general understanding may be extended by
asking questions about its fit to the surgical learning context.

The Quest for Surgical Expertise

The plot of our story centers on our protagonist, the trainee, who is challenged with
a quest: to become a surgical expert. To accomplish this mission, the trainee must
go beyond graduating from a series of training programs, beyond having spent years
in scrubs and operating rooms, and beyond being told by his peers that his experi-
ence makes him an expert [22, 44]. Rather, his quest for expertise is accomplished
when he consistently exhibits superior performance, as reflected indirectly by



6 A.T. Cianciolo and J. Blessman

successful patient outcomes or, more directly, by the effective completion of directly
observed surgical tasks in real or simulated settings [23].

In a complex world ruled by uncertainty, however, consistency is difficult to
achieve; patients’ anatomy differs, care teams turn over, technology changes, and
procedures can dramatically and unexpectedly intensify in the blink of an eye.
Expert surgeons distinguish themselves by confronting this uncertainty—proactively
ordering and prioritizing tasks to mitigate risk and managing distractions, thereby
creating the conditions for staying calm under pressure [37]. Like King Arthur bran-
dishing the sword he drew from stone, surgical experts challenge uncertainty with a
firm grasp on their capabilities and limitations, slowing down and intensifying their
focus in response to prevailing conditions and knowing when to seek help, if
necessary [44—46]. Their expert judgment comprises a cycle of information seek-
ing, critical evaluation, and course correction, as needed, making them responsive
to the inconsistency inherent in surgery and able to maintain superior performance
and positive outcomes [17, 46]).

Surgical expertise, then, comprises not only a demonstrated level of performance
but a way of thinking—a way of approaching a complex, high-stakes endeavor
whose defining characteristic is uncertainty so as to continue growing and achieve
positive results consistently. Beyond this, formal competency standards for surgical
trainees cover a range of capability much broader than technical knowledge and
skill [1], to include interpersonal skill and professional attitudes, values, and behav-
iors. These standards, reflecting evolving notions of medical competency [17, 31,
42, 56], reveal that surgical expertise is now viewed as much as a social achieve-
ment as it is a technical one (e.g., [9, 15, 32, 53]). That is, expert surgeons are rec-
ognized not only by what they can do and how they do it but also the kind of
practitioner they are and how they fit within their professional community.

The Journey Inward

No quest can be completed without a journey, the series of trials the protagonist
must endure to achieve his aims. The quest for surgical expertise is no different,
requiring approximately 10 years of “intense involvement” in surgical skill acquisi-
tion, including thousands of operations ([22], p. 114). Intense involvement com-
prises long-term engagement in deliberate practice—continuous, motivated
engagement in clearly defined tasks with performance feedback and opportunities
to repeat, refine, and improve [24]. However, although the notion of “practice makes
perfect” would seem to apply naturally to surgical learning, this is not the whole
story. The protagonist’s journey is never solitary; his path is shaped by his interac-
tions with the story’s other characters.

In the surgical learning context, interactions with other members of the care team
are essential to determining trainees’ access to practice opportunities, the degree of
challenge they experience, and the support and feedback they receive [20, 25]. All
of these things influence trainees’ participation in work and the learning they derive
from it [8, 21]. In addition, trainees’ observations of their role models provide
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Independent
Practitioner

Resident

¢ Language

- * Technology use
. « Identity
Care Team Supervisors, Peers Patients

Members

Fig. 1.1 Moving inward within a community of clinical practice

valuable information about surgical culture—the values, beliefs, and behaviors that
must be adopted to become a recognized member of the professional community
[8, 32, 40]. Importantly, technology also plays a role in how surgeons see their
patients, their work, and their own capabilities; trainees must learn how to manipu-
late these tools and, in turn, are manipulated by them [9, 55]. Essential learning that
does not resemble deliberate practice therefore emerges from social interactions [8,
32] and is shaped by the learning environment [9, 61]. Beyond being an approach to
practicing technical skills, then, intense involvement reflects deepening learner
participation in the personal, social, and technological context of surgical work.

Consider Fig. 1.1, which depicts the surgical learning context as a “community
of clinical practice” in which a trainee’s progress toward expertise is reflected in
movement from the periphery of the community toward its center [15, 20, 32].
Shown at the center of the community is the independent practitioner, a person
identifiable by her role, that is, the community’s expectations for her knowledge,
attitudes, values, and behavior as professional surgeon, her autonomy to manage
uncertainty by exercising judgment and making decisions to mitigate risk, the lan-
guage she uses to communicate with members of the community—which is distinct
from the language she uses outside the community—her use of specialized tools
and technology to perform her work, and her self-identification as a full community
member.

Our independent practitioner arrived at the center of her community after starting
out on the periphery as a medical student and gradually deepening her participation
over the course of her training [32]. Throughout this process, characteristics of the
surgical learning context served as a gateway to her progress. Professional culture
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and formal regulations dictated her level and type of direct involvement in surgical
work. For example, her procedural practice with real patients as a medical student
was limited to observing passively, gaining a feel for anatomy and pathology, holding
retractors, and occasional suturing, with more intensive hands-on practice of
procedures occurring in the skills lab [10, 40]. As she moved inward in the community,
constraints on her practice with real patients lifted, with trips to the skills lab
becoming less frequent and involvement in simulations increasing as the scope of her
responsibility broadened to teams and more advanced technologies. Supervisors,
care team members, peers, and patients offered formal and informal learning
opportunities and feedback along the way, enhancing her ability to meet meaningful
work challenges and increasing her confidence, motivation, and commitment to
participation [21]. Importantly, she influenced these gatekeepers by proactively
seeking learning opportunities, demonstrating her motivation and capability to
improve, and gradually assuming of the mantle of community member [32, 41, 61].

The reader should be cautioned that in today’s rapidly changing surgical work-
place, a single-journey story is a convenient oversimplification [26]; sequels and
spin-offs are needed to accurately characterize how surgeons progress to the center
of multiple parallel communities of clinical practice, crossing the boundaries
between them in order to maintain a coherent but flexible sense of themselves as a
professional [9]. To take the science-fiction feel a step further, one could also con-
sider how learning to use surgical technology grants trainees special access to the
inner circle by enabling them to participate in the community’s definitive work [55],
much as gaining control of the “force” is necessary to being a member of the Jedi
Order in the fictional Star Wars series. Using a more grounded example, it is inter-
esting to contemplate how laparoscopic instruments and minimally invasive tech-
niques mediate perceptions of the body—once directly seen and felt, anatomy is
visualized through 2- and 3D displays—such that the surgeon controls what the rest
of the team sees [49]. This unique perceptual capability signals her status as sur-
geon, further distinguishing her from other team members and the less experienced
trainees who look on.

The Moral of Our Story: Implications for Surgical Education

At this point in our story, the practically minded reader is likely asking the question
of greatest interest to busy educators: How is all this going to help me improve edu-
cation now? [48] A key lesson we can take away from thoughtfully considering the
surgical learning context, the quest for surgical expertise, and the journey into com-
munities of clinical practice is that theory calls us to rethink what surgical learning
is. Rather than taking it to be the acquisition of technical knowledge and skills by a
lone physician in isolation, we can think of learning instead as participation in the
surgical profession in all of its technical, personal, and social respects [38, 42, 59].
Another key lesson is that learning and practice happen simultaneously in the teach-
ing hospital and, in so doing, require the workplace to be structured and organized
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e Alltrainees have a functional and valued role on the surgical team, from Day 1,
with meaningful work and an appropriate level of challenge.

¢ Educators serve as coaches, mentors, and role models, guiding trainees’ deepened
participation in surgical work.

* Roles and expectations for trainees are made clear from the outset and revisited
periodically as conditions change.

e Educators and trainees continuously work collaboratively to set and monitor progress
toward learning objectives.

¢ Trainees signal readiness to deepen participation through making themselves useful
and internalizing the values, attitudes, and behaviors of the profession.

e Trainees learn in teams with attendings, peers, and other healthcare providers to
promote implicit learning and enculturation.

¢ On-the-job training is supplemented with external learning opportunities
designed to improve consequential work performance via lower-stakes practice.

¢ On-the-job and supplemental education are interleaved to maximize training
efficiency and promote deepened participation in surgical work.

¢ Supplemental skills training employs a deliberate practice approach.
¢ Specific approaches to training are continuously examined to ensure that they are
working as expected and adapted as needed.

¢ The workplace community of clinical practice espouses the same standards and ideals
against which trainees are evaluated.

* Experiences with training are shared among educators within and across institutions
to promote continuous educational quality improvement and learning about how
surgeons learn.

Fig. 1.2 Educational implications of how surgeons learn

in a way that supports both endeavors [8, 21, 33]. Viewing trainee development in
this way has clear implications for surgical education, as itemized in Fig. 1.2.
First, even the most junior learners, medical students on their surgical clerkship,
should be viewed as having a legitimate role in the workplace [8, 21, 42]. Legitimacy
occurs when community members—educators, peers, and other healthcare
providers—recognize and facilitate all trainees’ capacity to demonstrate “total dedi-
cation” to patients, learning, and the profession [62]. Specifically, trainees should be
included in meaningful clinical work that is appropriately challenging and that
involves interaction with—and implicit learning from—the whole of the clinical
team and patients [8, 18, 21]. In addition, allocation of work and dedicated learning
opportunities outside of the clinical context, such as skills lab and simulation
exercises, should be sequenced and prioritized with learners’ deeper participation in
the workplace as the ultimate goal [25]. Lower-risk activities should precede more
consequential ones to promote both safety and learning [8, 21]. To accelerate skill
development, a deliberate practice approach—featuring performance goals, direct
observation, feedback, and opportunities to improve—should be employed [10, 23].
In all these things—allocating work, structuring learning, fostering deliberate
practice, and role modeling—surgical educators must act as a coach and mentor,
ensuring trainee confidence and a smooth progression from the periphery inward
[17,21, 25]. Importantly, trainees also have an essential role that of figuring out how
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to “fit in” by seeking learning opportunities, improving their technical skill, making
themselves useful, observing others, and internalizing the values, attitudes, and
behaviors of the profession [8, 32, 40]. Educators may enhance trainees’ ability to
self-develop by orienting them to their role and community expectations, fostering
a positive learning climate, collaboratively setting clear learning objectives, and
conducting goal-driven observation and feedback [21, 40].

Several chapters in this volume provide detailed guidance for designing, imple-
menting, and evaluating educational approaches consistent with the general implica-
tions described above. However, an important but easily overlooked moral of our story
is this: one cannot assume that specific prescriptions for surgical education will
achieve the same performance outcomes across settings or even across time within the
same setting [52]. The surgical learning context is always changing, and the imple-
mentation of workplace curricula in practice often is influenced by factors that educa-
tional designers did not anticipate or cannot control [8, 48]. For example, a training
program’s assessment culture can shape trainees’ approach to learning in ways that do
not conform to expectations or produce improved clinical performance [2, 43].
Moreover, the direct observation and feedback central to meaningful performance
assessment and deliberate practice are practically nonexistent in the clinical work-
place [14, 27, 50, 60], and major reforms in medical education cannot take place until
they are [28]. Trainees, however, do observe closely [8, 32], and they may accept as
normal the interpersonal conflict and professional silos they witness, despite official
statements labeling such values, attitudes, and behaviors undesirable [39].

Epilogue

To conclude, the story of how surgical trainees develop does not have an ending;
there will always be questions to ask and new understanding and implications that
emerge from applying the answers to education. Consistently achieving desired per-
formance outcomes requires periodically reconsidering what we are trying to
accomplish and making refinements both to our interventions and to the setting in
which they are situated [26, 52]. It is essential that people intrigued by surgical
learning continue to ask “Why?” and “What’s going on here?” so as to continually
deepen understanding about surgeons’ development and support efforts to design
education that works. The reader may find it interesting to learn that surgical educa-
tion has become a field of study in its own right, with its own specialized degree
programs [34], which indicates the depth and breadth of knowledge about surgical
learning that has been developed to date.

Ultimately, knowledge about surgical learning is given meaning by its impact on
surgical performance [48], an endeavor greatly facilitated by educators themselves
using theory to try something new, taking a close look at what happens, and sharing
detailed stories about what they see [17]. Participatory action research is a mode of
theory development that features educators at the very center of inquiry, using a
cycle of data collection, reflection, and action to build knowledge about how people
learn in a given setting [4]. Practically speaking, this knowledge helps educators
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understand whether or how to adapt an educational approach so that it is successful
in a given time and place. Participatory action research demonstrates that theory
development and practice improvement are tightly interwoven community activities
in which educators have an important part.

At this point, learning about surgical learning through participation within a
community should sound very familiar. Like expert surgeons constantly honing
their skills, educators continually seeking to improve trainee development are, by
the very nature of their pursuits, committed to working at the edge of uncertainty, a
place where time is slowed [52] and the invisible—the state of affairs we take for
granted—becomes visible and open to inspection [17, 34]. Pausing in the midst of
ongoing activity to ask “Why?” and “What’s going on here?” empowers the educa-
tor to adapt to changing circumstances, ask for help when needed, and consistently
achieve success. Understanding and improving how surgeons learn is, one might
say, as far away as a close look.
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Surgical Curriculum Development

Carol F. McCammon and Kurt McCammon

As the landscape of medical practice in the United States rapidly changes with the
advent of patient safety and quality mandates in parallel with cost reduction efforts,
medical education is at risk of harm and requires diligent attention to keep up with
these demands to protect the needs of learners and support high-quality programs in
the current fluctuating environment [1]. Great responsibility rests on the shoulders
of medical educators to assess these shifting circumstances to enhance and protect
the learning experience through curriculum development to ensure the best educa-
tional outcomes.

An educational curriculum is defined as a planned educational experience
through a particular course of study and involvement. It is important to understand
that medical educators have a professional and ethical obligation to meet the needs
of their learners, the patients served, and the society as a whole. In order to develop
the most appropriate curriculum for learners, a logical systematic approach to cur-
riculum development will help achieve this outcome. A six-step process is recom-
mended in the development of an educational curriculum. These steps include:

Conduct a needs assessment.

Set well-defined goals and objectives.

Determine instructional method(s).

Create instructional materials.

Teach the learners.

Evaluate student and resident performance and the effectiveness of teaching
methods and the curriculum as a whole.
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In developing a curriculum for any program is it important to recognize that there
are different “levels” of the curriculum that need to be addressed. Any curriculum
must satisfy the requirements of the institution, the program, and the specific rota-
tion within the program and must also be effective at the instructional level as well.
Each aspect is important to the overall educational outcome, and each level should
be reviewed regularly.

Developing or changing an educational curriculum is an arduous task and
requires careful planning before any initial work to ensure the curriculum achieves
the desired results and that efforts are focused and streamlined. The initial phase in
the process is a thorough needs assessment, which is crucial in the development of
a successful curriculum. The needs assessment will identify differences and gaps
between the existing knowledge of the learner and the goal of the learning encoun-
ter. In essence, the needs assessment provides a blueprint that will give guidance
during curriculum development.

To conduct a quality needs assessment, one must first determine the needs of the
target population (the learners) and the current results of the existing situation.
Then, articulate what the desired outcome looks like. The distance between the cur-
rent results and the desired outcome is the actual need [2]. Determine what concepts
and skills are required for the resident to learn during the training period based on
the desired range of mastered knowledge and skills expected by each milestone and
by the time of graduation from the program.

The advantages of performing a needs assessment include validation of the need
for the curriculum itself or for a change in the curriculum [2]. A well-developed
needs assessment will make every other phase of curriculum development much
simpler as this is the most opportune time to anticipate problems and difficulties in
the remaining phases of curriculum development and implementation. The needs
assessment will improve educational efficiency and affords measurable outcomes to
confirm curriculum effectiveness. It also allows for identification of curricular strat-
egies and methods for testing knowledge and skills at educational intervals. A ben-
eficial side product of the needs assessment is that it creates an opportunity for those
interested to design and develop educational research.

There are a number of ways to conduct a needs assessment. These can include
primary data acquisition through direct surveys, informal discussions, in-depth
interviews, focus group discussions, self-assessments, and pre- and post-test assess-
ments from cohorts of current residents, students, academic faculty, and community
faculty. An often even more valuable resource to tap is the cohort of graduates from
the program, as their experience and perceptions of the program provide a unique
perspective and significance to curriculum improvement efforts. The advantage of
using primary data lies in the direct relevance of the information obtained to the
specific program and will answer the exact questions of the curriculum planners as
focused on the needs of the learners. Additionally, secondary data can be helpful to
the curriculum developers during the needs assessment. Secondary data is informa-
tion that is readily available and has already been collected by another source.
Sources of secondary data include expert reviews, graduate medical education
guidelines and resources (e.g., ACGME and RRC), and medical and educational
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literature. Secondary data provides the advantage of immediate availability for use;
most is readily accessible and inexpensive and reduces collection time. However,
secondary data may fail to address the specific needs of the program and its target
population and thus may not be generalizable to all academic situations.

Many academicians in graduate medical education (GME) fail to begin curricu-
lum planning with a needs assessment for a number of reasons, with the most com-
mon a lack of confidence in what way to proceed. Although the reasons for a needs
assessment are recognized, hesitation exists because of uncertainty in the process,
limited resources, financial constraints, and lack of time to dedicate to the effort.
Occasionally, a sense that the needs of the program and the individual learners are
already clear to the planners may preclude the developers from taking the time to
perform the needs assessment. This paternalistic misperception is a significant pit-
fall to be wary of, as effective educators cannot presume to understand the perspec-
tive and needs of the target population without their input. Additionally, changes to
the curriculum that are implemented without the benefit of a needs assessment are
subject to great scrutiny if there are problems identified after the changes are
applied. It is difficult to defend actions taken without careful and thoughtful plan-
ning. Furthermore, it is difficult to define success or failure of curriculum changes
if outcome measures have not been clearly defined through the process of conduct-
ing the needs assessment.

Specific to a urologic surgical residency, some areas of needs assessment content
targeted to the recent graduates of the program include their perception of prepared-
ness for practice in all core areas of the urologic residency curriculum, proficiency
of surgical skills, readiness to engage in practice management, professional devel-
opment, interpersonal communication, and adaptation to their new practice environ-
ment post-graduation [1]. When targeting the current residents of the program, a
well-designed focus group setting led by a curriculum planner may be a very time-
efficient way to evaluate this cohort as all parties are proximately located on numer-
ous occasions during the educational period of residency. The content can be similar
to that sought from the recent graduate cohort, keeping in mind that at different
levels of training, the feedback will vary from inexperience. Currently practicing
physicians should also be surveyed for their perspective. Other considerations to
consider in curriculum development include the requirements of the residency
review committee (RRC) and in-service exam results. Communication with other
program directors who have gone through the same process can be invaluable in
planning and implementing changes.

Once the needs assessment is completed, reviewed, and analyzed, the assessment
should be validated for accuracy to make sure identified needs are the actual needs.
If the needs assessment was well designed and carried out, validation is a cursory
exercise, and the gaps are sound and clearly identified, which leads to the next step
in the process: constructing precise in-depth program goals and objectives. The
composition of a concise mission statement can help define the program and help
planners prepare to write thoughtful goals and objectives. A well-written mission
statement defines the focus of the program and the educational philosophy behind
it. Goals and objectives are not synonymous [2]. Program goals are global phrases
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that are written to include all components of the program and define who will be
affected and what will change. Goals provide direction, do not have a deadline, and
often are not precisely measurable. In contrast, objectives are more precise. Their
purpose is to provide structure to attaining goals through individual measurable
benchmarks or standards that must be met in a defined period of time. Objectives
can be thought of as a connection between the items identified in the needs assess-
ment and the performance desired. Unfortunately, many curriculum goals and
objectives are not well written, are not reviewed yearly, are rarely used or referred
to, and may not match what is taught by the faculty. Benefits of well-written goals
and objectives include learning prioritization, standardization of the curriculum,
justification of resources, and in solidifying organization and expectations of the
educators. Drawbacks of poorly written objectives include they are time consuming
and hard to do well and to update frequently; many are often too broad and only
teach to minimum competencies and are usually not reviewed by faculty or learners.
Thus, for the program goals and objectives to be useful, they must accurately pro-
vide the framework that supports the curriculum based on the identified needs
defined in the needs assessment.

There are three types of goals in surgical learning which include knowledge
acquisition, skill set and procedural development, and behavioral attitudes, val-
ues, and professionalism [3]. Knowledge base includes cognitive aptitude and
ranges from factual knowledge to problem-solving and clinical decision-mak-
ing. Skill set includes history taking and performing a physical exam and proce-
dure skills. Behavioral attitudes, values, and professionalism are very important
aspects of medical training, and good skills in this area are essential to a suc-
cessful career.

Example of a well-written goal:

Residents will work well on a team to enhance patient safety awareness.

Note the two basic components of a well-written goal are present, that is, who is
affected (i.e., residents) and what is supposed to change (i.e., work well on a team
to enhance patient safety awareness.)

Good objectives should reflect clarity, state the accomplishment expected, and be
measurable [2]. To ensure usefulness, the objective should include the following
four components:

1. The outcome to be attained (or what specifically is expected to change):

(a) Usually the verb (the action) of the objective.

(b) Some verbs are more appropriate than others (e.g., “list” is a good outcome
word for an awareness level objective, but “explain” would be better for a
knowledge level objective).

2. The conditions under which the outcome will be observed or when a change will
happen:

(a) This could be a date of completion, such as by the end of PGY —1; or, as a
result of participation, the resident will....
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3. The benchmark to decide whether the outcome has been met:

(a) The measurable component which may be a qualitative threshold (e.g.,
always or never, yes or no) or a quantifiable measurement (e.g., 75% of the
time, at least 300 cases).

4. The population for which the objective is intended:
(a) The residents, students, educators, administration, institution

Example of a well-written objective:

The resident applies structured communication techniques and tools (e.g., SBAR)
during handoffs and in changes in patient condition 100% of the time to enhance
patient safety.

Note all the elements of a well-written objective are present: the outcome to be
achieved (applies structured communication techniques to enhance patient safety),
conditions under which the outcome will be observed (during handoffs and changes
in patient condition), the criterion or benchmark for deciding whether the outcome
has been achieved (uses the tool 100% of the time), and the priority population
(the resident).

There are many resources that can be helpful in development of educational
objectives. These include the educational literature, professional societies and
ACGME, data from the needs assessment, and personal experience.

Once the needs assessment is done and the goals and objectives are written and
reviewed, they need to be shared with educators as well as learners. This will allow
the educators to develop specific content that will meet the objectives and fill the
gaps in knowledge that were identified from the needs assessment. Teaching meth-
ods are greatly variable and may include textbooks, web-based resources, weekly
conferences and quizzes, bedside rounds, SIM lab sessions, observation and increas-
ing responsibilities in the operating room as operative skills develop, M&M confer-
ences, literature reviews, and research projects.

Educators should be given feedback on their performance in a timely and consis-
tent manner and provided with adequate resources to improve their instruction
skills. When excellent educators are identified, appropriate recognition should be
given. This will provide a positive environment and promote advancement of edu-
cational skills proficiency throughout the department. Regular feedback should also
be provided to the learners to be certain that milestones are being met, that high
achievers are encouraged and given growth opportunities, and that those struggling
are supported and inspired to improve [4].

Finally, the curriculum needs to continually be reviewed and modified to allow the
program to adapt [4] to the changing practice environment and advances in the science
of surgery. A strong curriculum is a living document and must be actively tended to
provide the best support and outcomes for the program. Although the effort is time
consuming, the work of conducting a complete needs assessment and developing clear
goals and objectives will allow your educators and learners to know what is expected
of them and in turn allow them to excel as outstanding educators and surgeons.
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Curriculum Development

Elspeth M. McDougall and Bradley Schwartz

Most surgeons affiliated with an academic institution and thereby involved in
medical student, resident, and fellowship teaching have never had any formal
training to be an educator. The demands of both clinical practice and educational
needs of the learners are constantly increasing and changing requiring these
educators to teach more in less time [1]. The key element to the presentation of an
efficient and effective educational program or course is the methodical and con-
structive development of the curriculum. This chapter will outline the six key
steps to curriculum development which address the components constituting the
effective creation and maintenance of the training curriculum for any level of
learner. Following these guidelines will ensure that the educator understands the
needs of the learners, and the learners have a clear knowledge of what is expected
of them in achieving proficiency in acquiring the necessary skills to provide excel-
lence in patient care.

A curriculum is a planned educational experience, and the word is derived from
the Latin word for “racecourse” [2]. Curriculum development is defined as a
planned, purposeful, progressive, and systematic process in order to create positive
improvements in an educational system [3]. John Dewey advocated that a curricu-
lum should teach concepts not just facts and teach for desired patient outcomes
thereby linking the curriculum to health-care needs. A logical and systematic
approach to curriculum development will help achieve the desired aims and goals of
an educational program. David Kerns has written extensively on curriculum
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development and considers this process within six main areas of focus [4]. Each
area is important in its own development, but all six areas must be constructed from
and within the perspective of the other areas to establish a robust and comprehensive
curriculum:

General needs assessment
Targeted needs assessment
Goals and objectives
Educational strategies
Implementation
Evaluation and feedback

A L=

General Needs Assessment

A curriculum must address the needs of the learner in order to be relevant and sus-
tainable. Therefore it is critical to identify the focus of the teaching program and the
general needs of the participant. The difference between how the problem is cur-
rently being addressed and how it should ideally be addressed is the general needs
assessment. This characterization of the problem can be accomplished by assessing
the existing educational program and soliciting feedback from the learners and edu-
cators as to perceived deficiencies in knowledge and/or skills related to this learning
method. Also, soliciting and utilizing input and guidelines established by certifying
and credentialing boards and associations are important to this general process.

The current approach to the curriculum or program should be analyzed in detail
to highlight strengths and weaknesses. It is important to maintain the successful
components of the educational program or activity while addressing needed changes
or revisions to the less helpful aspects of the curriculum. Developing an outline of
the ideal curriculum or educational program can be a good initial step, recognizing
that some of these objectives may not be attainable or realistic due to educational
equipment, educator, and financial resources. However, from this framework, gaps
between the ideal educational program and the reality of the available resources
allow development of best options for teaching strategies and methods.

Other groups may also have a vested interest in the development of an appropriate
educational curriculum and thereby contribute to the needs assessment process. For
example, there is a perceived need for formal urology training guidelines by the
Accreditation Council of Graduate Medical Education (ACGME), and they in turn
look to the Urology Residency Review Committee (RRC) to create these training
parameters. This has led to the development of the Urology Milestones project which
is a joint initiative between the ACGME and the American Board of Urology (ABU)
[5]. Ultimately the ABU defines the specific competencies required for subspecialty
training in urology and sets qualifying examinations to determine if candidates achieve
proficiency in these areas of knowledge and skill. It is the required competencies which
provide a basic road map for urology curriculum development. The Urology Milestones
project considers the education of the urologist in five categorical levels.
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Level 1 The resident demonstrates milestones expected of an incoming resident

Level 2 | The resident is advancing and demonstrates additional milestones

Level 3 The resident continues to advance and demonstrate additional milestones; the
resident demonstrates the majority of milestones targeted for residency in this
sub-competency

Level 4 The resident has advanced so that he or she now substantially demonstrates the
milestones targeted for residency. This level is designed as the graduation target
Level 5 The resident has advanced beyond performance targets set for residency and is
demonstrating “aspirational” goals which might describe the performance of
someone who has been in practice for several years. It is expected that only a few
exceptional residents will reach this level

While this pertains to the national urology curriculum, it can be applied to any
proposed program or curriculum being assessed.

The first step starts with the identification and analysis of a health-care need or other
problem that is to be addressed by the curriculum. A clear definition of the problem
helps to focus a curriculum’s goals and objectives which in turn will focus on the cur-
riculum’s educational and evaluation strategies. Clarification of the health-care prob-
lem to be addressed and the current and ideal approaches to addressing the problem is
required to focus the education intervention toward solving the problem. Conclusions
from this step may or may not apply to a particular group of learners so the next step is
to perform an explicit assessment of the specific needs of the targeted learners.

Targeted Needs Assessment

It is critical that the curriculum be pertinent to the specific learner, and so it is
important to identify and clearly define the learner. A medical student will have very
separate educational needs compared to a junior resident, and similarly the junior
resident needs are unique from the senior resident or fellow in training. Postgraduate
clinicians and surgeons will also have very discrete educational needs that are rele-
vant to their clinical practice. At times, especially as the result of rapidly advancing
technologies and new techniques in surgery, there may be overlap of learner groups
such that resident and postgraduate learners have similar educational needs as has
been seen with introduction of laparoscopic and robot-assisted laparoscopic sur-
gery. However, each learner group should be considered separately and a curricu-
lum devised that meets each unique need of the specific group.
Methods for performing learner needs assessment include:

¢ Informal discussions/formal interviews
* Focus group discussions

¢ Questionnaires

¢ Direct observation of skills

¢ Examinations

e Audits of current performance

e Strategic planning session
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Junior trainees and medical students cannot be expected to understand what they
necessarily need to know about a specific area of medicine or surgical discipline. It
therefore must fall to the expert educators to determine the baseline needs of these
novice groups of learners. Considering the educational needs of junior trainees may
necessitate the utilization of the Delphi technique to determine the content of the
curriculum.

The Delphi technique is a structured communication process or method which
was originally developed as a systematic interactive forecasting method which
relies on a panel of experts [6]. It is designed as a group communication process
which aims to achieve a convergence of opinion on a specific real-world issue. It has
been applied to various aspects of educational program development including sur-
gical training programs. Surgical experts review and suggest materials that they
consider critical to the comprehensive training of specific surgical trainees. A facili-
tator, often one of the key surgical experts, provides anonymous summaries of the
expert’s feedback and reasons for their judgments during the process. Thus, experts
are encouraged to revise their earlier contributions in light of the replies and sugges-
tions of other expert members of the panel. During this deliberative process, the
range of suggestions and decisions on educational content will decrease, and the
group will converge toward an agreed consensus. It is important that these same
experts determine not only the content of the curriculum but delineate what is
expected performance or proficiency levels and identify specific errors or unaccept-
able performance and how this should be remediated.

More advanced learners such as senior residents, fellows, and postgraduate sur-
geons should be included in the needs assessment process of curriculum develop-
ment. In this way the specific educational needs of these learners can be identified
and addressed in the development process. Input from these groups can be solicited
with survey questionnaires, small group discussions, and from curriculum evaluation
of existing educational programs or courses. Addressing the specific educational
needs of these more advanced groups of learners will ensure that they will be fully
engaged in the curriculum and complete the learning material or skills training.

Residency training programs themselves may identify specific educational needs
for their residents and tailor their training programs accordingly. Continual feed-
back from residents will assist in creating a relevant educational curriculum and
identify specific areas within the learning program that may require special atten-
tion or new learning material. Finally the public and patients can provide a valuable
mechanism for creating curriculum revision or change. It is this area of educational
need that results in the development of best practice statements and guidelines by
organizations such as the American Urological Association (AUA) [7]. However,
patient survey feedback on resident encounters in the hospital or outpatient setting
can give valuable information to educators and help address specific educational
needs, particularly pertaining to nontechnical skills such as communication and
professionalism.

Less resource intensive options for teaching may allow for equally effective learn-
ing by the learners and actually stimulate them to become more active self-directed
learners. As an example, a cadaveric hands-on, robotic surgery teaching laboratory
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experience may not be within the budgetary constraints of a residency training
program. However, a live animal hands-on, robotic surgery teaching laboratory offers
a less costly experience and allows more residents to participate in learning opportu-
nities with a single model that provides the valuable teaching environment of pulsa-
tile tissue handling and management. Important basic robotic surgery skills can be
taught effectively with both the cadaveric and live animal models. More detailed
discussion on simulation and skills lab is addressed in another chapter.

Once the educational issue has been clearly identified, it is next important to
determine what finite resources can be directed toward developing and implement-
ing an applicable solution or developing a curriculum. Demonstrating the feasibility
of the curriculum development will then lead to the establishment of goals and
objectives specific to the curriculum.

Goals and Objectives

An educational goal describes the “real-world” performance the learners can expect
to exhibit once they have completed the curriculum. Educational goals describe the
overall learning outcome. Subsequent objectives, methods, and evaluation proce-
dures are directed toward achieving the goals. Broad educational goals communi-
cate the overall purposes of a curriculum and establish criteria for various
components of the program.

Ideally goals should describe overall outcomes and be stated in terms that clearly
define the expected learner outcomes of the curriculum. It is intuitive, but important
to ensure, that the goals are realistically attainable by the completion of the curricu-
lum. Goals are usually stated in terms of the knowledge, behavior, and/or attitudes
the learner will acquire by completing the course of training. They describe the real-
world behaviors that are expected to be used by the learner.

Some examples of goals that could be associated with a urology curriculum
include:

e Perform a thorough urological history and physical examination.
¢ Recognize the presenting symptoms of pyelonephritis.
e Articulate the staging and associated treatment options for bladder cancer.

While goals are often expressed in somewhat vague terms, curriculum objectives
must be very specific. Educational objectives are descriptive statements that are
precise and measurable in terms of what the learner will be able to do at the end of
the instructional sequence within the curriculum. The well-written objective
delineates the audience for whom the objective is intended, outlines the observed
and/or recorded behavior of the learner, and defines the conditions of the observed
behavior and the degree to which a behavior must be performed. It is often best to
consider how the learner will be tested to determine if they have actually achieved
the knowledge, behavior(s), and/or attitudes that are expected from completing the
curriculum when writing objectives. It is the objectives that would let any group of
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educators adopt the curriculum and know how to complete the necessary educa-
tional program. It is also the objectives that provide the framework on which learner
and curriculum evaluation will be constructed.

Objectives relate to a curriculum goal but they are designed to determine exactly
what the learners will be able to do at the end of the curriculum. Objectives are
stated in terms of precise, observable, and measurable parameters. They must be
realistically attainable during the curriculum. As a guide to creating curriculum
objectives, five basic elements should be considered:

Who

Will do

How much or how well
Of what

By when

Dk e

Some examples of objectives that could be associated with a urology curriculum
include:

e A first year urology resident will be able to demonstrate a testicular and digital
rectal examination of a male patient, meeting criteria on a checklist as judged by
a trained observer by the end of their first 6 months of training

e A second year urology resident will be able to perform a cystoscopy, place a
ureteral guidewire into the upper urinary tract, and insert an indwelling ureteral
stent satisfactorily by evaluation of at least two urology faculty observing the
resident in two separate clinical cases

Specific measurable objectives permit refinement of curricular content and guide
the selection of appropriate educational and evaluation methods. Goals and objec-
tives should be determined by specialty experts or dictated by required competency
metrics established by certifying bodies. Objectives usually fall within three major
domains including knowledge, affective or attitudinal, and motor or psychomotor
skills. Knowledge can encompass factual knowledge to higher levels of function
such as problem solving and clinical decision-making. Attitudes, values, beliefs,
biases, emotions, and role expectations are also important components of medical
and surgical training objectives. Surgeons’ technical skills and procedural objec-
tives are paramount to our daily clinical practice, but equally important are behav-
ioral objectives such as history taking, physical examination, interpersonal
communication, professionalism, and record keeping.

Bloom’s taxonomy defines the cognitive domain by level of complexity and
abstraction. It is clear that advancing cognitively requires movement from the broad
base of these skills to the more discriminatory peak of the triangle.
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When writing curriculum objectives, especially those pertaining to behavioral
skills, it is important to use active verbs because these imply measurability. Within
Bloom’s taxonomy there are numerous active verbs which are useful for the con-
struction of objectives.

Skill Vague More specific
Knowledge Know or understand List
objectives Recite
Present
Distinguish
Define, describe, give an example of
Skill objectives | Be able or know how Demonstrate (as measured by), use or
incorporate into performance (as measured
by)
Attitudinal Appreciate, grasp the Rank as valuable, rank as important,
objectives significance of, believe, enjoy, | identify, rate or rank as a belief or opinion,

learn, teach

rate as enjoyable

While careful development of the curricular objectives is a primary focus of the
development process, it is important to remember that most educational experiences
are much more than a list of preestablished objectives. Also considerable learning
occurs from unanticipated learning experiences within the curriculum and during
the pursuit of skill development as other learning needs are often identified by the
learner as a result of these experiences [8, 9]. So while a list of learning objectives
is important to the development of a curriculum, it should not be overwhelming,
limit creativity, or limit learning related to individual learner needs and

experiences.
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Educational Strategies

The clearly defined and measurable learning objectives of the curriculum will then
allow specific teaching techniques or educational strategies to be developed for each
of the objectives. After selecting the learning objectives and assessments for the
course, it is important to consider the various instructional activities that could be used
to engage students with the material and enable them to meet the objectives. Of course,
the key is to align instructional strategies with the objectives and assessment tools.
Many instructional strategies are flexible and can be used to address several learning
objectives, but some of them are better suited for a particular set of objectives.
Educational strategies can be considered within two broad categories related to
content and methods of the teaching. Content is the specific material to be included
in the curriculum and this flows directly from the specific measurable objectives.
Methods are the ways in which the curricular content can be presented and should be
selected appropriately for cognitive, affective, and psychomotor learning objectives.
It is important to maintain congruence between objectives and methods when devel-
oping these components of the curriculum. To meet different learning styles and
motivations, maintain learner interest, and reinforce the learning process to deepen
understanding and promote retention, it is important to use multiple educational
methods. These educational strategies should be chosen because of their feasibility
in the terms of available resources but also for their effectiveness in learning the skill.
The methods to address cognitive learning are well understood and developed by
educators and include readings, lectures, audiovisual materials, discussion, problem-
solving exercises, programmed or online learning, and assigned learning projects.
Examples of cognitive learning strategies for urology training

Cognitive learning

strategies Urology specific cognitive learning strategy
Readings Campbell’s Urology text

AUA Core Curriculum
Lectures Grand rounds lectures

Visiting professorships to department

Audiovisual materials | AUA laparoscopic and robotic surgery teaching videos

Webcast programs available through AUA and other urology specific
organizations

Discussion Morbidity and mortality rounds

Formal teaching sessions with expert faculty

GU oncology rounds, especially with interprofessional participation
Problem-solving GU oncology rounds — multidisciplinary review and discussion of
exercises specific clinical cases

Review of specific patient cases — during outpatient clinical work,
ward rounds on operative patients, and review of complications during
morbidity and mortality rounds

AUA clinical problem solving protocols

Morbidity and mortality rounds

Programmed or AUA clinical guidelines

online learning AUA clinical problem solving protocols with built-in evaluation
AUA Core Curriculum with built-in self-assessment testing

Assigned learning Resident assigned grand rounds presentations

projects Required resident research and/or manuscript development
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The methods for achieving affective objectives within a curriculum require expo-
sure to knowledge, experiences, or the views of respected experts and faculty that
either contradict undesired or confirm desired attitudes. Selection of well-respected,
reliable faculty with a commitment to clinical excellence and constructive educa-
tional participation in a training program are instrumental to the success of affective
learning for urology trainees. Trainee exposure to affective objectives can be through
readings, discussion, and clinical experiences. Facilitation of openness, introspec-
tion, and reflection are key to these encounters and usually need to be overseen by
faculty to ensure a constructive process. All personnel and faculty with whom resi-
dents train are role models, and it is critical that these educational encounters are
consistent and reflect the caring and professional attitudes we desire in our next
generation of urologists. It is important that senior and chief residents recognize that
they serve as important role models for medical students and junior residents and as
such are very visible attitudinal instructors within training programs.

Motor and psychomotor skill objectives are a salient aspect of any surgical train-
ing program. Kern and colleagues have similarly developed a model that integrates
the six-step principles of curriculum development and simulation design that is
applicable across surgical specialties [10]. Its use could lead to high-quality simula-
tion courses that integrate efficiently into an overall curriculum.

A variety of educational strategies can be used to teach the critical skill sets to
multiple specialties in surgery and medicine. Methods for achieving psychomotor
learning objectives include supervised clinical experiences, simulated learning and
practice sessions with artificial materials models, animal models, cadaveric models,
standardized patients, and role-playing sessions. In addition, audio and visual
reviews, such as video libraries for specific surgical procedures and techniques
available within the AUA Core Curriculum, can be very helpful for trainees devel-
oping their surgical skills and judgments. These help them identify good surgical
techniques and performance proficiency levels when developed by reliable expert
educators and have been shown to improve resident trainee operative task perfor-
mance [11].

Research has shown that repetitive distribution of motor skills learning is supe-
rior to single concentrated skills learning [12, 13]. The development of neural pat-
terns for long-term establishment of motor skills is facilitated by the cycle of
repetitive simulated practice to prescribed proficiency criteria [14]. Introduction to
skills learning is usually done through didactic presentations, demonstrations, and
discussion. On this framework of skills knowledge, it is then important to build
opportunities to practice the skills, experience errors or complications including
management of these undesired outcomes, and then reflect upon the entire learning
process and determine how to better address the skill practice at a subsequent learn-
ing session. Constructive, facilitative feedback from an expert to the learner is very
valuable in this process and is best administered during or immediately following
the learning experience. In this way the trainee can repeat the motor skill learning
cycle until they have mastered the skill to the predetermined proficiency level. This
is best accomplished in a safe and supportive learning environment. Structured sim-
ulation is an ideal platform for this type of learning because it allows for repetitive
practice of skills, to a prescribed and objectively measurable proficiency level, away
from the patient. Immediate feedback and re-practice with learned information from
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errors or complications experienced during the skills practice are the hallmarks of
simulation. Of critical importance, the simulated learning is completely learner-
focused rather than a patient-centered encounter where the learner is of secondary
importance to the naturally clinical demands of a patient. Also, it appears that pro-
viding a preoperative surgical warm-up with instructor feedback can improve oper-
ative performance compared to either a warm-up or feedback alone [15].

One of the key objectives of any curriculum is to foster or promote the learner to
become committed to self-directed learning. However, training the learner in the
skills relevant to self-directed learning is critical and sometimes difficult. This can
be achieved through self-assessment, information searching, critical appraisal, and
clinical decision-making. Surgeons are notoriously poor at self-assessment so this
process of learning self-directed learning must be overseen by educators providing
concrete feedback in the information searching, critical appraisal, and clinical
decision-making processes [11]. Independent learning projects and personal learn-
ing plans or contracts can also be useful strategies to promote self-directed learning.
Through this process, trainees can eventually formulate and answer their own ques-
tions which is the definition of self-directed learning. Once again role modeling, as
provided by educators and faculty, is an additional method by which the next gen-
eration of urologists will understand the importance of self-directed learning.

The clinical work in urology is dependent on effective teamwork as it pertains to
the operating room and multidisciplinary delivery of comprehensive care to com-
plex urologic patients such as those with oncologic diseases. As such, it is important
that the curriculum focuses on educational strategies for promoting teamwork.
These strategies can include collaborative learning experiences as experienced in
team-based learning, creating work environments that model effective teamwork,
regular review and assessment of team function in which the trainee is included, and
dedicated simulated training in team skills and functions [16]. Several researchers
have demonstrated that team-simulated practice of communication and technical
skills significantly improve these parameters in all team members and makes team-
work more efficient and effective. This type of training can be performed in situ
thereby assisting in the identification of institutional or environmental factors that
may directly impact on the effectiveness of the team.

Implementation

While the challenging initial work of creating a curriculum determines the learner
needs and establishes the learning objectives and teaching strategies, it is equally
important to plan an efficient and calculated implementation of the curriculum. To
accomplish this step of curriculum development, it is important to clearly identify
the resources that will be required to introduce and maintain the curriculum. These
resources include personnel, time, facilities, and funding costs. Personnel factors
will encompass not only educators and faculty but secretarial and administrative
support for the maintenance and evaluation of the curriculum. It is also important to
consider patients within this personnel support and how they will be impacted as
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well as interact with, and provide feedback for, the trainees. Patients need to be fully
informed of their participation in the training program so they are prepared for
encounters with trainees and providing assessment of the trainees and the training
program.

It takes time to enact an educational curriculum both in its development and
implementation. These time implications need to be defined for faculty, support or
administrative staff, and the learners and should be calculated in hours per week or
hours per month. In some groups of personnel, such as administrative staff, this will
translate into financial remuneration either directly or as part of their job descrip-
tion. Faculty will unlikely have financial remuneration directly for their involve-
ment in the implementation of the curriculum but must be prepared to dedicate time
to teaching responsibilities and have a clear understanding of how this impacts their
academic status within the department and institution. Much of the learning in a
curriculum occurs in physical space such as lecture halls, small group discussion
rooms, or simulation/education centers. The required times and locations must be
accurately determined and then reserved for specific education sessions. When
teaching occurs in clinical sites, it is important that the facility can accommodate all
the learners, educators, potential patients, and staff involved in both the educational
activity and the clinical process. Time allotments for patient encounters usually
need to be modified in the situation of a concurrent educational activity as these
have been shown to take more time than patient encounters not involving students.
Having an “educational culture” within your department is crucial for the successful
implementation of any curriculum. It takes the endorsement and affirmed valuation
of the educational program by the leader or head of the department to neutralize the
“naysayers” and pessimists to ensure implementation and successful execution of
the curriculum.

Determining funding costs of an educational curriculum can often be challeng-
ing as there are many variables in the component of implementation. The funding
costs may be directly calculable from facility and equipment requirements to admin-
istrative staff hours of support. However, many costs are hidden or opportunistic and
these can be very specific for individual institutions. For example, when developing
an animal model skills training laboratory session, the costs of technicians to han-
dle, anesthetize, and euthanize the animals may be built into the overall facility fee
for the event, whereas for other institutions these costs may be separate charges
within the activity. Having a clear understanding of the institution’s policies and
requirements for educational space, equipment, and support is important at the ini-
tiation of a specific educational curriculum. There are also very specific regulations
as to where funding, even as educational grants, may be procured to support various
educational programs and activities nationally, locally, and institutionally. It is the
responsibility of the curriculum developer to be fully aware of these requirements
and restrictions.

Educational programs and curricula will have associated financial costs which
must be met in order to implement the educational activities determined to be neces-
sary for effective learning. This support may be obtained internally from adminis-
trative authorities such as the dean’s office, hospital administration, and directly
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from departmental allocated educational funding. Occasionally financial support
may be available from outside sources such as government agencies, professional
societies, managed care, philanthropic donors for funding, and political groups.
Funding from industry should always be procured as an educational grant to the

department, institution, or education center.

Type of educational

support Internal External
Personnel Faculty Faculty educators outside
Administrative support department
Residents as educators Administrative support outside
department
Patients
Time Faculty Faculty educators outside
Administrative support department
Residents as educators Administrative support outside
department
Patients

Facilities and

Specific spaces for educational

Space for educational activities

equipment activities outside department
Specific equipment for educational | Equipment for educational activities
activities outside department
Online access to educational
programs outside department
Financial Departmental Dean’s office

Philanthropic
Institutional curricular or faculty
development resources

Hospital administration
Government agencies
Professional societies

Managed care

Philanthropic donors

Political groups

Curricular or faculty development
resources

Industry

Prior to the implementation process of curriculum development and preferably
early in the course of this initiative, it is important to anticipate and thereby address
potential barriers to implementation. The most obvious barrier is pertaining to financial
resources, and this is often the primary reason why a curriculum or specific compo-
nents of a curriculum are not obtainable. However, in addition there may be substantial
competing demands on personnel and time as defined by the curriculum. Finding solu-
tions for the personnel and the time they are required to dedicate to the curriculum can
be challenging especially if it is not a clear mandate of their job description or aca-
demic mandate. Also at play are attitudes and the sense of power that people may per-
ceive within and as a result of the curriculum implementation. It may be critical to
engage the departmental lead or dean’s office early in the curriculum development
process to ensure buy-in by all stakeholders in the delivery of the educational program.
Being able to provide assurance of specific personnel roles and job security may be
necessary in establishing long-term administrative support for a program.
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Evaluation and Feedback

When introducing a new curriculum or major curricular reform to a program, it will
be important to consider the process of this introduction. It is often prudent to make
the initial introduction of the curriculum a pilot experience or study and provide
ample opportunity for faculty, administrators, and learners to provide anonymous
feedback. Once there appears to be general acceptance or minimal required revisions
of the curriculum, it can then be phased-in over a specified period of time or across
variable years of the entire curriculum. Again in this phase-in process, there should
be ample opportunity to obtain constructive feedback and evaluation of the curricu-
lum. With successful acceptance of the curriculum, it can then be fully implemented.
Even after full implementation, it is imperative that continued evaluation and feed-
back continue for the maintenance and sustainability of the curriculum.

A curriculum is a dynamic process which is continually developing based on a
closed loop including evaluation and feedback. It is this ongoing acquisition of
information from educators, learners, and administrators that provides a guide to
improvement of components, and even, of the entire curriculum. In addition, evalu-
ation results can be utilized to seek continued or additional support for a curriculum,
assess individual achievements within the program, satisfy external requirements
such as those from ACGME, and serve as a basis for scholarly activity in the devel-
opment of presentations and publications.

The evaluation process should identify users, uses, and resources utilized by the
curriculum. It should also identify specific evaluation questions and designs and
choose measurement methods and construct instruments of assessment. Ethical con-
cerns within the curriculum should be addressed and the accurate collection, analyz-
ing, and reporting of the data must be insured in this process. These evaluations may
be formative, or internal to the curriculum, and are a method for judging the worth of
a program while the program activities are forming or in progress. Equally important
is summative evaluation of the curriculum where the focus is on the outcome of a
program to determine if the overriding goals of the educational program are being
achieved. An example of formative program evaluation is: After each didactic lecture
of the ambulatory urology rotation, learners completed an evaluation form. It was
discovered that students had already learned about UTIs in the AUA online clinical
problem solving on this topic, so the lecture was replaced with one on STDs. As an
example of summative evaluation: The final evaluation for the pilot basic ultrasound
skills training program showed residents had a high level of satisfaction and learner
proficiency, so additional educational grant funding was sought to ensure continued
resources and time to maintain and expand this program.

Most of the evaluation questions should relate to specific measurable curricular
objectives for the learner, the process or outcome of the curriculum. It is helpful if
questionnaires include items that do not relate to specific objectives and are open-
ended in nature or seek a short answer response in order to detect unexpected
strengths and weaknesses within the curriculum. Providing space and opportunities
for generalized comments or observations by learners and educators can be very
illuminating.
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A successful curriculum is constantly developing and changing ideally based on

a 360 degree feedback process. Understanding this process by sustaining and man-
aging the strength of the curriculum, changing or realigning the weaknesses, and
promoting further improvements will result in an educational program that success-
fully meets the needs of the learners and readily engages enthusiastic participation
by faculty.
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Measurement in Education: A Primer
on Designing Assessments

Collin Hitt

So you want to assess students on their attitudes and beliefs, on their surgical skills,
or on their knowledge and reasoning. This chapter will help you to find, or even
design, the right assessment tool.

Your choice of tool will depend on what you want to measure. You might use a
survey questionnaire, a third-party rating of surgical performance, or a multiple-
choice test. No matter what kind of assessment tool you use and no matter what
you're trying to assess, take the following advice. Before you ever use a tool to
assess students, first use it to assess yourself.

If you're giving students a survey questionnaire, fill it out for yourself. If you’re
rating their surgical performance, rate your own recent performance in the same
way, or have a colleague do so. If you’re giving students a test, take that test. In
doing so, you will gain a greater understanding of what you’re actually measuring.

Measuring skills and attitudes and knowledge is messy. Healthcare professionals
are accustomed to working with concrete numbers — blood pressure, oxygen levels,
and so forth. Surveys and tests and rating forms are designed to give us numerical
scores, and the numbers they produce have the appearance of being precise. For
example, a student may score a 3.88 on the Duckworth Grit scale, or a resident may
receive a 5.11 mean score on an operative performance rating during a laparoscopic
cholecystectomy. But these scores are not like vital signs. They are not precise mea-
sures. There’s no better reminder of this than to take an assessment for yourself.

In order to assess skills well, we must accept this uncomfortable fact. Even when
using the best tools available, the numbers we collect do not perfectly capture the
skills we’re trying to measure. Substantial “measurement error” is always involved,
and because such error is involved even in the best of circumstances, we have little
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room for other errors in the assessment process. This is why it is crucial to follow a
strict process when choosing or developing an assessment tool.

If we select a measurement tool that is not right for our purpose or if we design
a tool with bad questions, it will only make a messy situation worse. Mistakes are
easy to make when choosing and designing an assessment. If we make too many of
them, the numbers we collect will be useless.

This chapter is an introduction to the basics of developing a specific type of
assessment — ratings that use a multiple-choice format. These tools are by no means
the only way to assess skills, but they have distinct advantages. They can be effi-
ciently given to a large number of people. They are transparent and can easily be
shared with other researchers. And the results can be compared across different set-
tings and across separate studies.

The discussion in the chapter will alternate between two main types of multiple-
question assessments: self-reported questionnaires and third-party reports. Below
are examples of each from the surgical education literature:

Self-reported survey questionnaires:

Researchers at Stanford University examined whether having “grit” was an impor-
tant predictor of mental well-being for general surgery residents [13]. Grit —
defined as perseverance and a passion to pursue long-term goals — was measured
by giving each resident an eight-item questionnaire previously developed by psy-
chologist Angela Duckworth [6]. Each item on the questionnaire contained a
statement (e.g., “I am diligent” and “I finish whatever I begin”) with response
choices ranging from “not like me at all” to “very much like me.” Responses to
each item are scored from 1 to 5, using a simple rubric, and the average score
across all items provides a Grit score.

Later in residency, the study participants were given questionnaires on burnout and
psychological well-being. These questions followed a similar format. The
authors found that the association between grit and mental well-being was sig-
nificant. Residents who reported higher levels of grit reported lower levels of
burnout and higher levels of mental well-being.

Third-party reports:

Third-party reports can be used to collect measures on soft skills or personality
traits such as grit — observers rate subjects using questionnaires similar to those
used to collect self-reports. For example, teachers can be surveyed on individual
student attitudes and behaviors (e.g., [11]).

Third-party reports have another key use: performance ratings. For example,
researchers at Southern Illinois University have developed a series of operative
performance ratings that are available via the American Board of Surgery [10].
Residents (or any surgeon) can be monitored (either live or via video) during
surgery (real or simulated) and have their performance rated using a standard
scoring sheet that follows the steps of the surgery.

This chapter draws heavily on the literature surrounding the design of self-
reported measures. However, the principles discussed — regarding the selection and
design of an assessment — apply just as well to third-party reports.
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There is an important type of assessment that we will not explore in great detail:
standardized tests of knowledge and reasoning. The design principles we discuss
apply to tests as well, but standardized tests have a series of other properties that
make them considerably more complicated to create than surveys. That said, even if
your interest is in the kind of knowledge captured by a test such as the American
Board of Surgery In-Training Examination, the lessons of this chapter should prove
useful.

This chapter poses nine key questions. These questions follow a sequence. They
lay out a step-by-step process for choosing and designing an assessment. If you
commit to finding clear and convincing answers to each of these questions, you will
be following a rigorous process that is used by leading researchers from social psy-
chology to medical education.

This chapter is introductory and intentionally nontechnical. It will steer you to
more detailed guides and resources. As you search for answers to these nine key
questions, you’ll also discover additional resources on your own. You’ll find none
more helpful than the work of Hunter Gehlbach, Anthony Artino, and colleagues
(e.g., [1, 2, 9]). Their work heavily influences the structure of this chapter, and their
research again and again points to a common theme. Designing an assessment is a
social endeavor. It cannot be done alone. You will need to rely heavily on colleagues,
experts, and your target audience for feedback and advice. You may need to find a
statistician to work with, once data is collected. And you will rely on peers to review
your findings, should you attempt to publish research based on the data you
collect.

Nine Key Questions of Assessment

The process of designing assessments and collecting data can be long and compli-
cated. But each step comes down to very basic principles:

1. Who do you want to assess?

Define your target audience. Where are they in the learning process; what is
their professional status; what are their demographics and educational back-
grounds, etc.?

2. What are you trying to measure?

Define the attitude or skill or competency that you want to assess. This is
called your “construct.” It is likely complex, which means it has many compo-
nents. Give it a clear name, and clearly spell out the components that make up
the construct.

3. How have other researchers measured what you’re trying to measure?

Conduct a thorough literature review. Identify tools that others have used,
and draw upon previous research to improve how you define your construct.

4. What does your target audience think about what you’re trying to measure?

Assemble a focus group of people who resemble your target audience. Provide
them with the name of your construct. Ask them how they would define it. Note
how your definition of the construct differs from theirs.



38 C. Hitt

5. Once you start writing questions for your assessment, do your questions ask
what you mean for them to ask?

Choose your words very carefully. Make questions as straightforward as pos-
sible. The quality of your data depends on it.

6. What do the experts think about the questions you’ve written?

Find experts in the area you're focused on. Ask them for feedback on your
assessment items. Determine if any additional questions are needed and if all of
the questions you’ve written are relevant.

7. What does your target audience think about the questions you’ve written?

Again collect the thoughts of people who resemble your audience. Let them
see the items and questions you've developed.

8. It’s time to pilot your assessment: do the numbers come back as expected?

Check the variance, consistency, and validity of your data. This requires some
statistical skills. Just as importantly, it requires intuition regarding the statistical
tests needed.

9. Is your assessment interesting and useful to other researchers?

Make your assessment available to other educators and researchers. Present
your results at professional and academic conferences. Attempt to publish your
results in an academic journal.

Question 1: Who Do You Want to Assess?

Who are the learners you want to assess? A simple answer might be “residents” or
“surgical teams” or “nurses” or “‘surgeons.” Provide as much detail as possible. The
more information you have about your learners’ backgrounds, the better.

At this stage in the process, you may not have available all of the background
information you hope to eventually have. Make an educated guess about the charac-
teristics of your audience — this will be important later. Also, take notes of back-
ground information you’d like to have. When you assess your students, you can
include a form that gathers background information.

The level of background information you’ll want to collect is going to be deter-
mined by the skills you’re attempting to assess. There is some information, how-
ever, that you’ll almost certainly want to collect no matter what the context:
educational background, job title, and professional experience.

Question 2: What Are You Trying to Measure?

No matter what we’re trying to assess — skills or knowledge or attitudes — we have
the same problem. We are trying to measure something we can’t directly see, some-
thing that is complex.

In assessment terminology, the thing you are trying to measure is called the “con-
struct.” It’s a bland word but it fits. Consider a simple definition: a construct is an
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object made of multiple components. In surgical education, you are trying to mea-
sure something complex — a skill or attitude or body of knowledge made up of many
parts. Measuring that construct means you must define its component parts.

In the clearest terms possible, you must be able to answer the question, “What
are you trying to measure?” The following are a few examples of how your assess-
ment will be shaped by how you answer that question. An assessment of a construct
is, in essence, an assessment of its component parts:

Operative performance: The American Board of Surgery (ABS) requires that gen-
eral surgery residents be rated on their performance during operative procedures.
Rating tools for several different procedures are available on the ABS website,
developed by researchers at Southern Illinois University School of Medicine
[10]. Using these tools, evaluators observe a resident during an operation and
rate the performance on a standardized form.

The construct being measured is “performance during an operative procedure.” This
is a complex construct — because operations are complex procedures — made up
of several key components. The rating form for a laparoscopic cholecystectomy,
for example, asks evaluators to score residents on incision and port placement,
exposure, cystic duct dissection, cystic artery dissection, and gallbladder dissec-
tion. Residents are also scored on more general criteria: instrument handling,
respect for tissue, time and motion, and operation flow.

Performance in the operating room is, in many ways, an ideal example of a com-
plex construct. Performance in this context cannot be reduced to a single question.
The same is usually true when measuring attitudes or psychological traits.

Grit: The concept of “grit” has gained a great deal of attention. Developed and
popularized by personality psychologist Angela Duckworth, grit is defined a
“perseverance and passion for long term goals” [5, 6]. Take notice of the word
“and” — grit has two components. In order to measure grit, one must measure
both perseverance and passion for long-term goals.

An eight-item “short grit scale” is publicly available on the Duckworth Lab website.
Four of the items focus on perseverance. Four focus on long-term goals. The
items use a “Likert-type” format, meaning that response options are aligned
along a continuum, in this case from “very much like me” to “not like me at all.”
This format allows items to be scored numerically, from 1 to 5 in this instance.
Scores across all items can be averaged to form an overall Grit score.

The Grit scale has multiple items because grit is a multifaceted construct. But
there is another reason why the Grit scale and other scales like it ask multiple ques-
tions, because no single question perfectly captures a construct. Language is messy.
And since no single question is perfect, researchers ask about the same construct in
several different ways, with the hope that a common pattern will emerge across
answers.
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Self-esteem: The Rosenberg self-esteem scale is designed to measure a person’s
sense of self-worth. The concept of self-esteem has a singular component (or to
use the technical language of assessment, it is “unidimensional”). Grit, you’ll
recall, was two dimensional: perseverance and passion. Even so, measuring self-
esteem still requires several questions.

The United States Department of Education has used a version of the self-esteem
scale in surveys of tens of thousands of American schoolchildren. Students can
respond “strongly agree,” “agree,” “disagree,” or “strongly disagree” to a series
of seven items:

o [ feel good about myself.

e [ feel I am a person of worth, the equal of other people.
e [ am able to do things as well as most other people.

e On the whole, I am satisfied with myself.

e [ certainly feel useless at times.

e At times I think I am no good at all.

e [ feel I do not have much to be proud of.

In this case, items can be scored from 1 to 4, since four response options were given.
For the top four items, “strongly agree” is scored 4, while “strongly disagree” is
scored 1. The bottom four items are known as reverse-coded items, where
“strongly agree” is scored 1, while “strongly disagree” is scored 4. In the reverse
coded items, the construct is framed in negative terms, which is why the scores
run in the reverse order. Scores across all items can be combined to form a self-
esteem score.

These examples show how the structure of an assessment flows directly from the
definition of the construct. In defining our construct, we list its component parts,
and each component part forms the basis of a question that we ask.

Question 3: How Have Other Researchers Measured What You're
Trying to Measure?

After you have defined what you want to measure, the next step is to review the
scholarly literature on the topic. Has someone in the past tried to measure your
construct or any of its component parts? The only way to answer this question is to
do a thorough review of the literature.

A literature review can be tedious. Embrace it. This is not simply a perfunctory
step, something boring to be done before you begin the real work of writing ques-
tions and collecting data. It is the foundation of your entire project.

If you’ve reached this step, you have already developed a clear definition of the
construct you hope to assess — which means you’ve built a list of the construct’s
component parts. When doing a literature review, you’ll want to search by name for
articles covering your construct — and you’ll also want to search for studies covering
the component parts.
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Your literature review will yield one of three results:

The right assessment tools already exist. It’s possible that your literature review will
turn up a tool that measures exactly what you are trying to measure. If you are
attempting to measure “grit,” for example, you’d be in luck — your literature
review would reveal several publicly available, high-quality surveys on grit.
Likewise, if you are hoping to assess operative performance on a laparoscopic
cholecystectomy, you can find a validated tool online.

Some helpful tools exist, but they’re not an exact fit. At the very least, you probably
will find tools that partly cover what you hope to measure — you may be able to
use some items from those tools — but will need to write additional questions that
suit your needs. For example, a team of researchers at Southern Illinois University
School of Medicine sought to assess skill in urological operative procedures. The
operative performance rating forms available through the American Board of
Surgery formed the basis for a rating tool, but new items needed to be developed
for urological procedures [3].

No tools exist. This is the least likely outcome. It is possible that the construct you
hope to measure has never been empirically measured, even partly. This makes
the following steps more difficult, as you’ll be designing a tool from scratch. But
it also signals an opportunity: you’re covering a topic that is entirely new in the
scholarly literature.

A literature review will take time, but it will be one of the best uses of your time.
This chapter outlines how to build an assessment — a several-step process that
requires a great deal of work. It’s tempting to skip the literature review to begin
work on those steps. In reality, however, skipping the literature review would almost
certainly create more work than it would save. It would be a waste to build an
assessment tool if all along an adequate tool already existed.

When searching the literature, you will probably discover that others have
attempted to measure the skills, attitudes, or knowledge that you are trying to mea-
sure. Whenever this is the case, recall the advice that was given at the beginning of
this chapter. Find the assessment tool used, and fake it for yourself.

After examining a particular assessment tool, you may feel that it suits your
needs. However, if you find a tool that you think works, be sure to ask yourself
whether it measures exactly what you want to measure. A common pitfall in assess-
ment — and in survey-based work more generally — is when researchers use tools
that seem “‘good enough.” If you’re reading this textbook, it is likely because you
have specific educational goals and concerns about your learners. Your assessment
should be aligned to those goals and concerns as closely as possible.

Reviewing the literature will accomplish at least two goals: you will learn how
people have tried to measure your construct in the past, and at the same time, you
will gain greater knowledge about how researchers think about the construct. After
conducting a literature review, it’s important to consider updating the definition of
your construct — adding components that other authors identified and perhaps elimi-
nating components that seem at odds with the literature.
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Question 4: How Does Your Target Audience Think About What
You're Trying to Measure?

Designing an assessment tool is a social exercise. Question 1 asked, “Who is your
audience?” Your answer to this question is now the key.

At this stage, you’ve defined your construct and its component parts. You’ve
reviewed the literature to see how other researchers have tried to measure that con-
struct. You’ve likely come to the following place: you found some helpful tools that
you think you can adapt and improve upon, for your purposes. Or perhaps you
found nothing. In either case, it’s going to be necessary to write new items for your
assessment. But before you do that, it is beneficial to gather the thoughts of a group
of people who resemble your target audience.

This is not a step taken by all survey researchers. It is inspired directly by the
work of Hunter Gehlbach, Anthony Artino, and colleagues [1, 9]. They recommend
forming a focus group: “researchers need to hear how participants talk about the
construct in their own words, with little or no prompting from the researcher.” It is
important to give members of the focus group the chance to speak. In essence, mem-
bers of the focus group should be allowed to form their own definition of your
construct. What does it mean to them? What do they see as its component parts?

Face-to-face interactions are extremely valuable. Technology offers other
options. If done seriously, interviews with a focus group will provide nuanced
feedback.

If you’ve developed careful answers to Questions 1, 2, and 3, your construct
should resonate at least partly with your target audience. Their definition of the
construct should overlap with yours. But in reality you’ll never know what a focus
group is going to say, until you form one. It’s possible that your audience thinks
about your construct completely differently than you do.

If you follow the remaining steps, you’re going to build and refine an assessment.
One way or another, your audience’s understanding of your construct is going to
make its way into your assessment — either through specific feedback in the early
stages or through confused and unclear answers on the assessment itself. A consis-
tent theme throughout the assessment design process is this: it’s better to catch
problems early than to collect bad data later. A focus group can help you prevent
later missteps.

A literature review can help you refine the definition of your construct to fit with
previous research. A focus group can help you refine the definition of your construct
to fit with the ideas of your audience.

Question 5: It's Time to Start Writing Questions for Your
Assessment, But Do Your Questions Ask What You Mean for Them
to Ask?

You’ve developed an initial definition of your construct. You’ve conducted a litera-
ture review to see how others have defined and measured that construct, and you’ve
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gathered information of how your target audience defines the construct. You’ve
updated your definition based on that feedback. So now you have a list of compo-
nents that make up your construct, and you should develop (or refine) a question for
every single one of them.

It’s easy to write a bad question. Writing a good question requires work. Bad
questions will yield bad data, and, for this reason, it is important to scrutinize every
part of every question you write.

To paraphrase the late Jacques Barzun, the writing of a sentence isn’t finished
until its meaning is clear, until it means just one thing. The same rule should be
applied when writing assessment questions: a question isn’t finished until its answer
means just one thing. If a question is unclear or confusing, then so will be the data
you collect.

Consider the following survey item:

My peers are conscientious and caring:

* Always
e Sometimes
e Never

There is nothing wrong with the grammar of this item. It seems clear enough —
one could imagine it placed in a survey on workplace morale. And yet, in nine
words, there are no fewer than six serious errors.

There are many rules to writing assessment items. Not all of them can be covered
here, but we can cover common and completely avoidable errors.

Avoid conjunctions: No word has a simpler meaning than and. Yet and is perhaps
the most problematic word in the example item above. In assessment jargon, this
is called a “double-barreled” question, because it asks the respondent to consider
two ideas at once: “my peers are conscientious” and “my peers are caring.” This
creates confusion. If, for example, a person’s peers are always conscientious and
sometimes caring, the correct answer is unclear.

The simplest way to avoid double-barreled items is to break the question into sepa-
rate items. Two items — “My peers are conscientious” and “My peers are car-
ing” — work far better than the confusing single item.

When writing a survey question, you must scrutinize every word. Conjunctions
are easy to spot. It’s more difficult to check one’s vocabulary: are you using words
that your readers understand?

Avoid big words, rare words, and jargon: If your reader doesn’t know what a word
means, then you can’t know what her answer means. Consider our example item:
“my peers are conscientious.” One word should stand out — conscientious. You may
know what the word means, but is it a word that your readers know so well that they
would be comfortable using it themselves? If your answer to that question is any-
thing other than “definitely yes,” then you need to find another, simpler word.
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Avoid jargon and technical language whenever possible: Avoid long words in gen-
eral (like “conscientious”). This is a common rule for writing. Rules have excep-
tions: you are reading this chapter because you are interested in assessing the
skills of people who are doing surgery. If asking questions about a laparoscopic
cholecystectomy, some medical terminology may be necessary, but this is not a
license to use big words at will. Your readers will know certain terms and jargon,
as part of their profession. However, just because members of a surgical team
probably know words like “pneumoperitoneum,” it doesn’t mean that they know
what “conscientiousness’” means.

“Conscientious” is a big and relatively rare word. So is “pneumoperitoneum.”
But there’s also a major difference. “Pneumoperitoneum” is very specific in mean-
ing. “Conscientious” is much more complex.

Avoid complex words: What does it mean to be conscientious? The word brings to
mind a certain person: hardworking, responsible, orderly, honest, punctual, deci-
sive, and with a respect for the rules [12]. Conscientious, is a single word that
captures a complex idea. So when your reader answers that his peers are “some-
times” conscientious, what are you to make of it? Does it mean that his peers are
all of these things sometimes, some of these things sometimes, some of these
things always but others never? The complexity of the word conscientiousness
creates numerous ways to interpret the same answer.

In lieu of using a complex word, two easy alternatives exist.

One, you can break apart the complex concept and ask questions about its various
parts. Several clear and simple questions are better than one unclear, complicated
question. Rather than using an unclear and complicated phrase like “my peers
are conscientious,” it is better to break the question into simpler items like “my
peers are hardworking,” “my peers are responsible,” “my peers are orderly,” and
SO on.

Two, if you want to stick to a single question, you can focus on the part of the con-
cept best suits your purpose. Let’s continue with the example of the word “con-
scientious.” Including seven items about the different facets, conscientiousness
may be overkill. Perhaps your main interest is in whether members of the surgical
team are “hardworking.” In this case, the lone item of “my peers are hardwork-
ing” is preferable to “my peers are conscientious.”

99 <

Complex words make your data messy. Vague words have the same effect — even
if they are short, simple, and common.

Avoid vagueness: In our example, the word conscientious stands out, but there is
another problematic word hiding ahead of it — peers. It is a simple and common
word, but, without context, peers is vague. Imagine you asked the above question
to every member of a surgical team, as part of an assessment of team morale.
How might, say, a general surgery resident interpret the word peers? Would she
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answer with the whole operating room team in mind or with respect only to other
surgeons? to other surgeons? Perhaps she would be thinking about her fellow
residents or her friends outside of work. The item above gives no guidance at all
on this issue. Unless you know what your reader has in mind with respect to her
peers, you do not know how to interpret her answer.

One solution to this problem is to replace “my peers” with a more specific term,
such as “my co-workers in the operating room.” Our items would then read, “My
co-workers in the operating room are caring,” “My peers in the operating room
are hardworking,” and so on.

Another alternative is to offer a prompt before the series of items that ask about
one’s peers: ‘“Please answer questions about your co-workers in the operating
room. The questions below refer to them as your peers.” A problem with prompts
and vignettes is that readers sometimes don’t read or remember them.
Nevertheless, it’s better to include a prompt at the top of the page than to leave
readers on their own to interpret a vague word like “peers.”

We must also scrutinize syntax. The general rules of writing apply. Survey items
should be simple and direct. As sentences get longer, they get harder to follow.
Shorter isn’t always better, but words should be added only when necessary. Adding
words, like we did above when replacing “my peers” with “my co-workers in the
operating room,” comes at a cost.

Avoid questions that are too wordy for your audience: When building an assessment
for schoolchildren, an unofficial rule is that a question should be readable to
students three—five grade levels below the target audience. There are methods for
calculating readability. Word processing software can provide readability statis-
tics for highlighted text, or formulas for calculating readability can be found
online. The first sentence in this paragraph, for example, is written at a 12th
grade level, according to its score on the Flesch-Kincaid readability test. Knowing
your audience is key when writing items (see Question 1). If writing a survey for
a college-educated audience, a 12th grade reading level is about the right read-
ability target, if possible. The item “My co-workers in the operating room are
hardworking” is written at 9th grade reading level.

So far, we have adjusted almost every word of our survey item. We haven’t yet
discussed how to structure response options.

Avoid answer choices that are too narrow: Our example item offers the response
options “always,” “sometimes,” and “never.” Two of those words are very clear,
and one is very vague. When using Likert-type items, a certain amount of ambi-
guity is unavoidable. The consensus in the literature is that a Likert-type item
should offer at least five response options (e.g. [1, 2, 8, 9]). For our example item,

EEINT3

most of the time,” “some-

9

a considerable improvement would be “always,

EEINT3

times,” “rarely,” and “never.”
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We started with a simple item:
My peers are conscientious and caring:

* Always
e Sometimes
e Never

And following a few simple rules of item design, our initial item has expanded
into at least two longer but clearer items:
My co-workers in the operating room are hardworking:

* Always

*  Most of the time
e Sometimes

* Rarely

e Never

My co-workers in the operating room are caring:

* Always

*  Most of the time
e Sometimes

* Rarely

e Never

The differences between our initial item and this pair of revised items may appear
small, but the difference in quality is substantial. Writing the initial item was easy.
Editing and refining the item was much more difficult. And the editing work might
not be done yet.

The number rules and bits of advice for creating survey items are more numerous
than we can explore here. For example, some research suggests that items should be
written as questions not statements (e.g., “Are your co-workers in the operating
room hardworking?”’). Related research suggests that response options be written as
complete thoughts, rather than as single words (e.g., “My co-workers always work
hard” as opposed to “Always”). There is no definitive rule for such decisions, but it
is important to consider every alternative (e.g., [2, 8]).

Question 6: What Do the Experts Think About the Questions
You've Written?

In your literature review, you likely identified researchers who are experts in the
concepts covered by your questions. Moreover, if you are focused on a particular
procedure in surgery, you may know experts in that procedure. Attempt to build a
panel of experts to review the items you’ve written.
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You should provide reviewers with the definition of your construct and the full
list of items you’ve developed. It is best to provide them with a standard reviewer
form, different versions of which are readily available.

Questions to ask your reviewers fall along the following lines. Is each question
clearly written? Is each question relevant to the construct? Are there other relevant
questions I should be asking?

Question 7: What Does Your Target Audience Think About
the Questions You've Written?

In response to Question 4, you assembled a focus group that resembled your target
audience. Do this again, but on a one-on-one basis. Earlier in the process, you gath-
ered thoughts on the construct. Here you want to gather thoughts on the questions
you’ve written. This process has been called “cognitive interviewing” — you want
respondents who resemble your target audience to fill out your questionnaire and
then provide details about what they think the question means. This essentially is an
opportunity for your audience to answer Question 5, in their own words: do your
questions ask what you mean for them to ask?

There are various approaches and guides to conducting cognitive interviews. Here
again the work of Artino and colleagues is the most useful in medical education [1, 14].

Question 8: It's Time to Pilot Your Assessment; Do the Numbers
Come Back as Expected?

The first time you administer your assessment should be considered a pilot run.
You’'re assessing real learners in the actual setting you’re interested in.

After we have fielded our assessment and collected pilot data, it is time to analyze
the numbers. This will require some expertise in statistics, as well as special software.
In this chapter, we won’t focus on the formulas for calculating various test statistics. It’s
more important to understand the intuition behind each step in your data analysis.

The key property that we will examine in our data, time and again, is variation.
Is there variation in the data we collect? How does our data vary?

We began this exercise because we were interested in a certain construct — a set
of skills or attitudes that we believe varies from person to person. We believe that
measuring this construct is important because we believe the construct correlates
with other important, measurable factors. What explains the variation in our con-
struct? What does variation in our construct help us to explain? Questions like these
can only be answered if the data we collect meets certain conditions.

Do Answers to Each Question Vary?

Our initial data analysis should examine one question at a time. Each question is
designed to help us tell people apart in terms of a given concept. Therefore we are
interested in the variation in responses that we get to our questions.
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There are many measures of variation (e.g., variance, standard deviations).
Simple tabulations are the safest place to start: what is the frequency of each
response to each question? The goal for each question should be that it returns a
variety of responses.

A lack of variation is a problem. If every respondent gives the same answer to a
given question, the item will not help us distinguish between people on a given
concept — because every answer is the same. Likewise, if nearly everyone returns
the same answer, the item’s usefulness in distinguishing between people is very
limited.

However, the opposite is not true. Just because there is variation in responses to
a given item, it doesn’t mean that the variation is meaningful. Recall our conversa-
tion above: a badly written item can produce a wide variety of answers simply
because your readers are confused.

Here, intuition plays a role. Does the spread of answers resemble what you would
expect? This is not a statistical question, but a conceptual one, based on how you’ve
defined the concept that you’re attempting to measure with that question.

Then there is the question of whether our items fit together. When examining a
single question, we want responses to vary. When looking across several questions,
we examine whether they covary.

Are Answer Patterns Consistent?

This chapter has focused on the development of multiple-question assessments. We
might combine the answers into a single composite score. This is somewhat strange
exercise, taking answers to qualitative questions and averaging them into a single,
quantitative score. After all, we couldn’t take answers to any two random questions
(e.g., “My co-workers in the operating room are hardworking” and “My co-workers
in the operating room are fans of major league baseball”’) and combine them to into
a meaningful measure. So what justifies our doing so with the data we’ve collected?
Psychometric tests are needed.

We ask multiple questions for two main reasons, when trying to measure a single
construct. The first is that our construct is complex — it has many parts — and we
need different questions to cover different parts of our construct. The second is that
language is messy — there is no perfect way of asking about a given thing, so we
sometimes ask redundant questions, with the hope that the common theme across
several answers will be more accurate than the answer to any single question.

Put more simply: in a multi-item assessment, each question is really just a differ-
ent way of asking about the same construct. Therefore, we would expect a person’s
answer to one question to resemble her answers to other questions on the same
assessment. That is, throughout our data, we would expect answers across items to
be correlated with one another.

Consider a hypothetical two-item assessment. If answers to the first item were
completely unrelated to answers to the second, it would be difficult to argue that the
items were measuring the same thing.

This intuition is the basis for what in psychometrics is called “internal consis-
tency and reliability.” Various statistical tests of reliability exist. When analyzing
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individual items, an “item-rest” correlation is one of the most popular tests. This
straightforward statistic simply tells us the correlation between answers to a given
item and the average score for all other items on the assessment (see [7]).

Overall, answers to each item in a given assessment should be correlated with
answers on the remaining items. We should be able to reasonably predict the answer
to any single item using answers given to the other items on the assessment. If
answers to an item are weakly correlated with answers to other items, this probably
means that the item shouldn’t be grouped with all of the others.

A measure called Cronbach’s alpha is the most common test of internal consis-
tency and reliability. It provides an overall estimate of how closely correlated our
items are with one another. If we find that our items are weakly correlated, it means
that all of our items are not measuring the same thing — and therefore our items are
not all measuring our construct. A low level on internal consistency does not, how-
ever, mean that none of our items are capturing our construct. It is possible that a
few items are weakly correlated with most of the others and are dragging down the
overall consistency levels. Virtually every statistics package that calculates
Cronbach’s alpha would help to spot such items.

Another popular, related measure explores the relationship in answers to our
assessment: factor analysis. Factor analysis can be used to explore internal consis-
tency, but it can also be used to explore dimensionality. Exploratory factor analysis,
in layman’s terms, can examine whether a subset of your items are intercorrelated
to a stronger (or weaker) degree than all of the items together.

Cronbach’s alpha and factor analysis are powerful tools. They are surprisingly
easy to conduct using everyday statistics software. Too easy perhaps. You should
not proceed with these tests without studying them more closely than we have done
here. The purpose of this section is to highlight the intuition behind these psycho-
metric procedures — not the mathematical mechanics or the deeper theoretical
underpinnings, which are important. If you’ve never used these procedures before,
work with someone who has. Again, assessment is a social enterprise.

Our goal has been to create a measure that is drawn from a composite of answers
to multiple questions. Our data must pass certain tests in order for us to combine
answers into an average score (which can be raw or weighted). However, simply
passing tests of internal consistency is only a step. It means that our questions have
the appearance of measuring something in common. But it does not yet mean that
our questions measure what we think they measure.

Does Your Measure Predict Other Outcomes?
You are developing an assessment because you want to measure a skill (i.e., con-
struct) that you believe is important to the real world of surgery. Scores on your
assessment should be measurably related to outcomes in the real world — this is the
intuition behind a concept called predictive validity.

We have mentioned the example of “grit” throughout this chapter. Grit was
defined by Duckworth and colleagues as perseverance and passion for long-term
goals. Therefore scores on the Grit scale should be predictive of outcomes in instances
where these traits are important. In a now seminal article, Duckworth and colleagues
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demonstrated that grit scores predicted retention among cadets at West Point, as well
as success among contestants in the Scripps National Spelling Bee [5].

Throughout this chapter, we’ve also discussed operative performance ratings.
Presumably, operative performance ratings are predictive of patient outcomes in
future operations — but such data are scarcely available to researchers. However,
another real-world factor is absolutely measurable: experience. Multiple studies
have found that the year of residency is strongly related to operative performance
ratings — greater experience predicts higher performance, exactly as one would
expect [3, 10].

Another test of validity is called concurrent validity — are scores on your assess-
ment correlated with scores on other assessments that measure a similar construct?
Grit has been shown in repeated studies to be related to self-reports of conscien-
tiousness, as one would expect (e.g., [15]). A validation study of an operative per-
formance rating system in urology showed that performance during a kidney stone
procedure was correlated with performance during other urological operations.
These are examples of concurrent validity.

When piloting your assessment, it might be desirable to assess your students
using other tools found in the literature review. This might seem odd. Presumably,
you developed a new assessment tool because you believed it was different than
what was available. However, if similar measures exist to your own, it is worthwhile
to deploy them during your pilot testing. This has two benefits. It allows you to test
for concurrent validity, and it allows you to test whether your assessment has greater
predictive validity than other assessments.

Beyond predictive and concurrent validity, there are other concepts of whether a
measure is “valid” (e.g., divergent validity and curricular validity). These should be
examined too, if relevant.

But more importantly, we must remind ourselves that no amount of evidence can
prove that our assessment measures what it purports to measure. We are trying to
measure something that we can’t see, and so we can never know for certain whether
our assessment is truly valid. Stephen M. Downing puts it nicely: “Assessments are
not valid or invalid; rather, the scores or outcomes of assessments have more or less
evidence to support (or refute) a specific interpretation.” [4]

Question 9: Is Your Assessment Interesting and Useful to Other
Researchers?

If you have found satisfactory answers to Question 1 through 8, you have produced
an assessment tool that you should be proud of. It can be the basis for a publishable
paper. You have followed the same process used by leading researchers in assess-
ment research. Don’t let your effort end there.

A final test of your assessment can come through peer review. And by peers, we
mean “your co-researchers in surgical education.” If you can clearly answer
Questions 1 through 8, then you have the clear framework for an academic publica-
tion. Present the work at conferences, and submit it to a journal. The feedback you
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receive will sharpen your work further, and publication of your work will allow
others to consider using the tool you’ve developed. There’s no measure of validity
that quite compares to seeing other teachers use your tool to assess their students.

References and Further Reading

1. Artino AR Jr, La Rochelle JS, Dezee KJ, Gehlbach H. Developing questionnaires for educa-
tional research: AMEE guide no. 87. Med Teach. 2014;36(6):463-74.

2. Artino AR Jr, Gehlbach H, Durning SJ. AM last page: avoiding five common pitfalls of survey
design. Acad Med. 2011;86(10):1327.

3. Benson A, Markwell S, Kohler TS, Tarter TH. An operative performance rating system for
urology residents. J Urol. 2012;188(5):1877-82.

4. Downing SM. Validity: on the meaningful interpretation of assessment data. Med Educ.
2003;37(9):830-7.

5. Duckworth AL, Peterson C, Matthews MD, Kelly DR. Grit: perseverance and passion for long-
term goals. J Pers Soc Psychol. 2007;92(6):1087.

6. Duckworth AL, Quinn PD. Development and validation of the short grit scale (GRIT-S). J
Pers Assess. 2009;91(2):166-74.

7. Hitt CE. Just filling in the bubbles: using careless answer patterns on surveys as a proxy mea-
sure of noncognitive skills. Chapter in Doctoral Dissertation (Character Assessment: Three
Essays). Fayetteville: Department of Education Reform, University of Arkansas; 2016.

8. Gehlbach H. Seven survey sins. The Journal of Early Adolescence. 2015;35(5-6):883-97.

9. Gehlbach H, Brinkworth ME. Measure twice, cut down error: a process for enhancing the
validity of survey scales. Rev Gen Psychol. 2011;15(4):380.

10. Larson JL, Williams RG, Ketchum J, Boehler ML, Dunnington GL. Feasibility, reliability and
validity of an operative performance rating system for evaluating surgery residents. Surgery.
2005;138(4):640-9.

11. Poropat AE. Other-rated personality and academic performance: evidence and implications.
Learn Individ Differ. 2014;34:24-32.

12. Roberts BW, Lejuez C, Krueger RF, Richards JM, Hill PL. What is conscientiousness and how
can it be assessed? Dev Psychol. 2014;50(5):1315.

13. Salles A, Cohen GL, Mueller CM. The relationship between grit and resident well-being. Am
J Surg. 2014;207(2):251-4.

14. Willis GB, Artino AR Jr. What do our respondents think We’re asking? Using cognitive inter-
viewing to improve medical education surveys. J Grad Med Educ. 2013;5(3):353-6.

15. Zamarro GE, Cheng A, Shakeel M, Hitt C. Comparing and validating measures of character
skills: Findings from a nationally representative sample, 4th coming, J Behav Exp Econ.



Performance Assessment in Minimally
Invasive Surgery

Evalyn I. George, Anna Skinner, Carla M. Pugh,
and Timothy C. Brand

Introduction

Since the mid-1980s, the method of choice for the most high-volume surgical pro-
cedures has shifted from traditional open surgery to laparoscopic surgery, also
referred to as minimally invasive surgery (MIS). This form of surgery reduces the
risk of infection, shortens postoperative hospitalization and recovery time, and
decreases postoperative pain and scarring [1].

The benefits are abundant, but there is a cost, and one that falls particularly heav-
ily onto the surgeon: MIS techniques are difficult to master. Laparoscopy involves
the use of long and often awkward instruments operating through an unintuitive
fulcrum. The length of the instruments exacerbates any tremor from the surgeon’s
hands as the surgeon performs delicate, dexterous tasks within small spaces.
Traditional laparoscopy also requires the surgeon to work within a 3-dimensional
space while relying primarily on visual feedback in the form of a 2-dimentional
video feed on a screen.

Robot-assisted laparoscopic surgery (RALS) reduces issues of tremor through
the use of robotic arms controlled by the surgeon from a surgical console, which
also provides the surgeon with better depth perception via stereoscopic vision.
However, the stereoscopic (3-dimentional) vision must be used to overcome the
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lack of haptic feedback a surgeon receives when directly controlling laparoscopic
instruments. Furthermore, RALS necessitates training with millions of dollars of
equipment that is often tied to the operating room (OR) and therefore is available in
only a limited capacity for initial skill acquisition and rehearsal. As a result, these
techniques require specialized training and assessment beyond the scope of tradi-
tional methods.

This chapter provides an overview of current assessment methods for both lapa-
roscopic and RALS skills, both during simulation and operative procedures. Some
of the most exciting means of doing so are virtual reality simulators that automati-
cally output scores, but they are far from the only option. Laparoscopic surgery
features an extensively accepted testing and certification process, called the
Fundamentals of Laparoscopic Surgery. This multistep curriculum later became the
basis for a similar program in RALS, the Fundamentals of Robotic Surgery. As MIS
continues to grow, the importance of specialty-specific and indeed procedure-
specific simulation and testing has been highlighted. Further development of these
curriculums is ongoing.

Smaller scale and more individualized means of assessment are also available,
including global rating scales, motion tracking devices and software, technology-
based data export, idle time analysis, and combined analysis of technical and non-
technical skills.

Validation and Training

Past models of medical training revolved around students rehearsing skills on actual
patients — a questionable process that has since been largely jettisoned. The
Halsteadian model of medical education was introduced in the early twentieth cen-
tury as a way for experience to be gradually gained from patients under the supervi-
sion of experienced physicians. The advent of medical simulation presents a viable
alternative to this practice. Suturing can be rehearsed with artificial tissue models,
intubation can be practiced on life sized manikins, and entire surgical procedures
can be simulated in virtual reality. The patient can thus be safely removed from the
technical aspect of training.

Specifically for minimally invasive surgery, there are countless training options
ranging from homemade box trainers adapted from a shoebox to six-figure virtual
reality simulators. With such a wide range, surgical educators must determine how
best to train and assess students based on a variety of factors, not the least of which
is cost. Traditionally, options are set as the “gold standard,” a broadly accepted and
validated objective that can be reproduced at most sites. Validation includes several
factors. Face validity, how realistic, or how a method feels, and content validity,
how applicable of an instructional tool it is, are both subjective — meaning that they
are at mercy to the assessor’s opinions and beliefs. Commercial simulators often
rely heavily on face validity, using the realism of their product as a selling point.

In the old dictum, objective measures of validity which are those independent of
personal influence, were defined as construct, concurrent, and predictive. Research
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in surgical education focused on demonstrating construct validity, with this form of
validity typically being one of the first to be cited in the research literature once a
new method of training became available. It was defined as the ability to distinguish
between experts and novices and can be easily tested in a variety of settings.
Following traditional assessments of construct validity, new curriculums, simula-
tors, and trainers are then compared to the gold standard to establish concurrent
validity. Predictive validity remained the most elusive. In order to be established,
one needs to show how the teaching tool can estimate future performance and neces-
sitating long-term studies without participant attrition.

These definitions were based on the American Psychological Association (APA)
and American Educational Research Association (AERA) 1985 Standards for
Educational and Psychological Testing [2]. The Standards were revised in 1999,
which presented validity as a unitary concept, rather than a tripartite approach of
content, criterion, and construct validity [3]. The unitary view places construct
validity as the keystone and other forms of validity falling beneath it [4]. The 1999
Standards have since been widely supported but have yet to make their way into the
majority of MIS literature.

Both subjective and objective assessments aid in a trainees’ learning; however, a
wealth of technological tools now exist that can make subjective assessment less
central to a training regimen. Subjective assessment isn’t inherently bad, but is less
dependable between raters as well as expensive in terms of monetary cost and time.
Minimally invasive surgery is a growing field but populated by only a limited num-
ber of expert surgeons. Even with the small pool, there can be large discrepancies as
to what critical skills should look like or even which skills should be critical to
progression.

Objective measures allow for higher accountability and precise measurement of
skills, with the goal of a higher standard of patient safety; however, more research
is needed to link assessment of skills to increase in skill level. Being told where on
a scale one is can stimulate self-evaluation and targeted practice; however there is a
paucity of literature supporting one objective measure over another. In order to
practice both safe and efficient medical training, the medical community needs to
advance currently used and antiquated educational methods.

Laparoscopic Training and Assessment Platforms
MISTELS/FLS

Some standards have been established for MIS training and evaluation, including
standardized credentialing requirements. Within laparoscopic surgery, the McGill
Inanimate System for Training and Evaluation of Laparoscopic Skills (MISTELS), a
physical video box simulator was developed in an effort to provide a standardized
method for training and assessing fundamental technical skills associated with perfor-
mance of laparoscopic procedures. The five MISTELS manual skills tasks have shown
to be reliable, valid and to provide a useful educational tool [5], which has been
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incorporated into the manual skills training practicum portion of the Society of
American Gastrointestinal and Endoscopic Surgeons (SAGES) Fundamentals of
Laparoscopic Surgery (FLS) training program. SAGES began development of the
FLS curriculum back in the late 1990s with four goals in mind; to improve cognitive
and psychomotor skills, to focus on uniquely laparoscopic material, to avoid anatomic
specificity, and to both assess and instruct MIS skills [22]. Completion of the FLS
curriculum requires completion of didactic material, originally via CD-ROM and now
via online courseware/assessment in addition to training and testing of the five manual
skills on the MISTELS portable pelvic video box trainer. MISTELS was purposefully
selected over VR simulation options to keep site costs low as well as the fact that the
system is easily transported and reproduced. MISTELS includes an opaque box
trainer, optical system, and laparoscopic instruments that resemble those found in the
OR. FLS box trainer scores have been shown to be independently predictive of intra-
operative laparoscopic performance as measured by the Global Operative Assessment
of Laparoscopic Skills (GOALS), described in more detail below. This lead the FLS
training program to be recognized as the current “gold standard” in laparoscopic train-
ing and resulting in its rapid adoption as a primary component of many general sur-
gery residency programs [6-8]. Furthermore, recently SAGES has developed a
technical skills curriculum specifically designed for use in residency training pro-
grams, which can be found at  http://www.flsprogram.org/index/
fls-program-description/.

Before trainees begin the psychomotor skills training component, they must first
complete the didactic curriculum, which divides laparoscopic skills across five
modules, listed below in Fig. 5.1 [6-8].

Manual skills training includes exercises done with the current version of the
MISTELS box trainer, which is referred to as the FLS box trainer. Each exercise has

Module | — Preoperative Considerations
* § Laparoscopic Equipment
* § Energy Sources
*§ OR Set Up
 § Patient Selection / Preoperative Assessment
 § Preoperative Assessment

Module Il — Intraoperative Considerations

* § Anesthesia & Patient Positioning

* § Pneumoperitoneum Establishment & Trocar Placement
 § Physiology of Pneumoperitoneum

* § Exiting the Abdomen

Module Ill — Basic Laparoscopic Procedures

* § Current laparoscopic procedures
* § Diagnostic Laparoscopy

* § Biopsy

* § Laparoscopic Suturing

* § Hemorrhage & Hemostasis

Module IV — Postoperative Care and Complications

* § Postoperative Care
 § Postoperative Complications

Module V — Manual Skills Training

Fig. 5.1 FLS skill module progression
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been set to a nationalized and validated standard. The curriculum is proficiency-
based, whereby trainees are oriented to the materials and self-practice until expert-
derived performance levels are reached.

The following provides a description of each of the FLS manual skills tasks,
including the recommended proficiency requirements for each task.

Recommended proficiency requirements for each task:

The peg transfer exercise requires the trainee to lift six objects (shown in Fig. 5.2)
with a grasper first in his or her nondominant (i.e., left) hand and to transfer the
object midair to the dominant hand. Each object is then placed on a peg on the right
side of a peg board. There is no importance placed on the color of the objects or the
order in which they are placed. Once all six pegs have been transferred, the process
is reversed. Each peg is lifted using the dominant (i.e., right) hand from the right
side of the pegboard, transferred midair to the left hand and placed on the pegs on
the left side of the board. The required proficiency score is 48 s with no pegs dropped
out of the field of view. Proficiency scores must be achieved on 2 consecutive repeti-
tions and on 10 additional (nonconsecutive is acceptable) repetitions.

This exercise requires trainees to cut out a circle from a square piece of gauze
suspended between alligator clips, as shown in Fig. 5.3. The required proficiency
score is 98 s with all cuts within 2 mm of the line (either side) Proficiency scores
must be achieved on 2 consecutive repetitions only.

In this task trainees are required to place a pre-tied ligating loop or endoloop
around a tubular foam appendage on a provided mark as seen in Fig. 5.4. Once they
have positioned the endoloop properly, they must break off the end of the plastic
pusher at the scored mark on the outside of the box and secure the knot on the mark
near the base of the foam appendage by sliding the pusher rod down. A penalty is
assessed if the knot is not secure and for any distance that the tie misses the mark.
The required proficiency score is 53 s with up to 1 mm accuracy error; no knot
security errors (slippage) are allowed. Proficiency scores must be achieved on two
consecutive repetitions only.

Fig.5.2 Task 1: Peg
transfer (Fundamentals of
Laparoscopic Surgery®
(FLS) Program is owned
by Society of American
Gastrointestinal and
Endoscopic Surgeons and
American College of
Surgeons. Images used
with permission)
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Fig.5.3 Task 2: Pattern
cut (Fundamentals of
Laparoscopic Surgery®
(FLS) Program is owned
by Society of American
Gastrointestinal and
Endoscopic Surgeons and
American College of
Surgeons. Images used
with permission)

Fig. 5.4 Task 3:
Placement and securing of
ligating loop (endoloop)
(Fundamentals of
Laparoscopic Surgery®
(FLS) Program is owned
by Society of American
Gastrointestinal and
Endoscopic Surgeons and
American College of
Surgeons. Images used
with permission)

This suturing task requires trainees to place a simple stitch through two marks in
a longitudinally slit Penrose drain as shown in Fig. 5.5. Trainees are then required
to tie the suture extra corporeally, using a knot-pushing device to slide the knot
down. They must tie the knot tightly enough to close the slit in the drain, being care-
ful not to avulse the drain off the foam block. At least three square throws are
required to ensure that the knot will not slip under tension. The required proficiency
score is 136 s with up to 1 mm accuracy error; no knot security errors (slippage) are
allowed. Proficiency scores must be achieved on 2 consecutive repetitions and on 10
additional (nonconsecutive is acceptable) repetitions.

This suturing task requires trainees to place a suture precisely through two marks
on a Penrose drain that has been slit along its long axis as shown in Fig. 5.6. Trainees
are then required to tie the knot using an intracorporeal knot. They must place at
least three throws that must include one double throw and two single throws on the
suture and must also ensure the knots are square and won’t slip. Between each throw
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Fig.5.5 Task 4: Simple
suture with extracorporeal
knot (Fundamentals of
Laparoscopic Surgery®
(FLS) Program is owned
by Society of American
Gastrointestinal and
Endoscopic Surgeons and
American College of
Surgeons. Images used
with permission)

Fig.5.6 Task 5: Simple
suture with intracorporeal
knot Fundamentals of
Laparoscopic Surgery®
(FLS) Program is owned
by Society of American
Gastrointestinal and
Endoscopic Surgeons and
American College of
Surgeons. Images used
with permission

trainees must transfer the needle to their other hand. Skills required include proper
placement of the needle in the needle holder, needle transferring, suturing skills, and
knot tying. A penalty is applied for any deviation of the needle from the marks, for
any gap in the longitudinal slit in the drain and for a knot that slips when tension is
applied to it. If the drain is avulsed from the block to which it is secured by
VelcroTM, a score of zero will be applied. The required proficiency score is 112 s
with up to 1 mm accuracy error; no knot security errors (slippage) allowed.
Proficiency scores must be achieved on 2 consecutive repetitions and on 10 addi-
tional (nonconsecutive is acceptable) repetitions.

BLUS

The American Urological Association (AUA) stood on the shoulders of FLS to cre-
ate BLUS, the Basics of Laparoscopic Urologic Surgery. As FLS was created to
apply to all specialties who might utilize laparoscopic surgery, it purposefully
avoids anatomic specificity. BLUS simply adds to FLS to make it more appropriate
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Fig. 5.7 BLUS renal artery clipping exercise before (a) and after (b) clipping

as a urologic training model by removing endoloop and extracorporeal knot-tying
procedures, adding didactic material, and clip-applying exercise as well [9]. BLUS
was designed by the Laparoscopic, Robotic, and New Surgical Technology (LRNST)
Committee, with the renal artery model developed by the University of Minnesota
Center for Research in Education and Simulation Technologies (CREST).

The renal artery module was made from organosilicate materials from CREST’s
human tissue database. Each 6 cm artery, pictured in Fig. 5.7, is filled with artificial
blood and marked with two black lines for clip placement, then attached to a machine
that simulates arterial pulsing. Surgeons were tasked with placing to clips on each
side of the artery and cutting between the marks. Scores were decreased for improper
clip placement, crossing clips, and leaking from the clips. The exercise illustrated
evidence for face, content, concurrent, and convergent validity by Sweet et al. [9].

A later BLUS study found that all tasks showed evidence for construct validity
when based on skill categories from their demographic survey, but only the peg transfer
and suturing skill tasks earned construct validity when based on established objective
metrics [10]. This discrepancy in construct validity, or how well a test can distinguish
between skill levels, emphasizes how self- reporting values (as in the demographics
questionnaire researchers presented consented subjects with) may be disappointingly
inaccurate. The authors noted that some of the values reported were simply impossible
(it isn’t possible to do 2 procedures every week while simultaneously reporting 2 pro-
cedures per month). This analysis led them to a larger and even more concerning ques-
tion: if subjects can’t even accurately describe the number of cases they’ve done, will
their reported performance benchmarks be any more reliable?

While the renal artery clipping exercise showed evidence for validity, it is not yet
commercially available and must be assembled by hand. The proposed urology-
specific didactic material is still currently being developed. As of yet, BLUS has yet
to be implemented, but does look promising, and may serve as a model for other lapa-
roscopic specialties to implement their own specific FLS-based training curricula.

Simulation
In order to enable rehearsal of the psychomotor skills unique to laparoscopic sur-

gery, so-called box trainers, which consist of an inanimate physical task, placed
inside an enclosed box with a lighted camera and instruments inserted from outside,
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have commonly been used. A variety of box trainers have been developed over the
years, running a wide spectrum of technological complexity. The simplest can be
constructed with a smartphone, a box, a video display screen, and some non-sterile
or expired laparoscopic instruments (YouTube provides numerous demonstrations
and instructions for building these), while the more advanced have sophisticated
integrated cameras and realistic mimetic tissue models for procedural practice.

Virtual reality (VR) simulators have integrated metrics that grade each perfor-
mance, whereas “dry lab” rehearsal relies on either self-evaluation or that of a proc-
tor. Herein lies the problem — what is the basis of this assessment? Time to complete
a task, as well as many overt errors such as instrument collisions, suture breakage,
and drops, can be immediately and easily identified and quantified; however, detec-
tion and analysis of more subtle errors and techniques is increasingly difficult. With
the addition of a trained observer, further skills such as keeping instruments in view
of the camera, dissection and suturing patterns, and proper handoff techniques can
be gauged. However, without extra hardware and software, box trainers lack the
ability to track and analyze motion-based metrics such as path length and economy
of motion, among other metrics important for successful surgery.

For laparoscopic surgery there are a multitude of VR trainers available, but not
all record metrics of assessment in the same way. As one of the first medical simula-
tors that recorded objective measures, the Minimally Invasive Surgical Trainer,
Virtual Reality by Mentice Medical Simulation, MIST-VR emerged in the late
1990s as the forerunner of what would soon be a highly competitive and technologi-
cally advanced market. MIST-VR functioned with handles mimicking laparoscopic
instruments attached to gimbals with motion information transferred to an adjacent
computer and the monitor displaying relative VR instrument tips. Foot pedals could
also be operated for simulated energy application.

Unlike the advanced modules seen on simulators today, MIST-VR made no
attempt to create simulated tissues or surgical materials, like suture. Instead,
MIST-VR required trainees to perform hand to hand transitions and object manipu-
lation with a virtual ball. This could include instrument exchanges, diathermy appli-
cation, and highly specific object placement tasks. The computer would log time
duration of the exercise, any designated errors that occurred, and overall accuracy
of the performance [11]. MIST-VR was intentionally not representative of a surgical
environment as it was intended to be used for assessment rather than training [11].

Since MIST-VR, the medical industry has seen a surge in VR technology, pro-
ducers of simulators, and growth in laparoscopic procedures. As a result, there are
numerous laparoscopic VR simulators on the market with the ability to focus on
both training and assessment. Only two will be discussed here; however a variety of
other reputable options exist.

The LAP Mentor, by 3D systems (formerly Simbionix) is one such example. The
latest iteration includes an adjustable height tower housing a 24" touch screen moni-
tor, PC with processor, and foot pedals. Operative tools include exchangeable
instrument handles with haptic feedback and five degrees of freedom and a multi-
angle endoscope. The LAP Mentor can be connected to other devices for team train-
ing, such as the LAP Express, a portable laparoscopic simulator, or the RobotiX
Mentor, discussed below.
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Fig. 5.8 LAP Mentor
virtual reality simulator
(Image courtesy of 3D
Systems, formerly
Simbionix)

Fig. 5.9 Lap Mentor
simulation illustrating use
of unique instrumentation
(Image courtesy of 3D
systems, formerly
Simbionix)

LAP Mentor, shown in Fig. 5.8, houses a wide panel of modules, from basic
orientation tasks to simulated laparoscopic cases for multiple surgical specialties.
Basic tasks include orientation, various levels of suturing practice, as well as tasks
based on FLS modules such as peg transfer and circle cutting. More complex are the
procedural exercises, cholecystectomy, cholangiography, appendectomy, incisional
hernia, gastric bypass, sigmoidectomy, hysterectomy, vaginal cuff closure, and
lobectomy. For gynecology, there are additional “essential” tasks, including tubal
sterilization, salpingostomy, salpingectomy, and salpingo-oophorectomy. Figure 5.9
shows a sample screen for using a new tool in a procedure.

Once a module has been completed, an automatically generated performance
report appears, illustrated in Figs. 5.10a, b. Metrics are defined for particular
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simulations but include measures such as total procedure time, idle time in seconds,
number of movements, total path length, and average speed individually for left and
right instruments. Any task complications, such as bleeding or tissue damage, are
also reported. Task-specific metrics would be seen for energy application, correct
knots, etc. An attempt can be compared to those previously completed using the
displayed learning curve.

The proficiency score board marks a check mark if the task reached proficient
levels, as well as indicating the best score measured as a percentage, a star if the
required number of consecutive or nonconsecutive attempts was made (this quantity
is set by an administrator), total count of attempts, and the required skill level.
Clicking on this reveals more refined information, such as total time, path length,
accuracy, and additional task-specific metrics.

Benchmarks are set on a scale from 1 to 5. Less than 2 is noted as poor, between
2 and 4 average, with a 4 being the set proficient mark. Greater than 4 yields an
expert, or even superior level when over 4.5. Benchmarks are only seen when met-
rics have a defined skill level. The scale is color coordinated, with poor and average
scores being red and yellow, respectively, while scoring a 4 or higher shows green.
Scores can be viewed and exported to a CSV file.

Another laparoscopic VR simulator that has demonstrated validity is the LapVR,
created by CAE Healthcare of Sarasota, Florida. LapVR, similar to the Lap Mentor,
is a single tower unit, with an internal computer, flat screen monitor, foot pedals,
and exchangeable instrument grips. The simulated camera and instruments provide
haptic feedback to the trainee.
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LapVR has many modules available, catering to various skill levels. Most basic
are the essential skills, with camera navigation, clip application, cutting, peg trans-
fer, knot tying, and needle-driving exercises, each having several skill levels avail-
able. Trainees can then progress to procedural skills, rehearsing adhesiolysis,
running the bowel, and varying suturing and knot-tying tasks.

Lap VR also has a number of full-length procedures catering to general and
obstetrics/gynecology surgery, such as appendectomy, cholecystectomy, bilateral
tubal occlusion, tubal ectopic pregnancy, and salpingo-oophorectomy. Each proce-
dure has multiple cases available, with and individual patient histories, as well as
notes on procedural perpetration and aftercare.

Once an exercise or case is complete, users can view the results tab. Results
are tailored to the task at hand and are highly detailed. For example, comple-
tion of one of the appendectomy cases will be evaluated based on groupings of
time, proficiency, dexterity, and use of virtual aid. Each of these contains
detailed results. The time header carries information on the duration of the total
procedure and energy application. The proficiency group details cc’s of blood
lost, number of clips placed, length of appendix stump, and adhesion removal,
among others. Dexterity remarks on left- and right-hand path lengths, as well
as errors like excessive force on tissue. Each result is directly compared to an
acceptable score. If the two correlate, the user earns a green check mark adja-
cent to their result. If ever metric has a check, the result is labeled a successful
completion. Reports can be viewed after completion and printed for external
evaluation.

Several studies have demonstrated that virtual reality training translates to
improved laparoscopic skills in the operating room [12—15]. However, the primary
methods of assessment include supervision by trained instructors and documenta-
tion of the time required to perform standardized drills. Supervision by instructors
is an inherently subjective method of assessment. It has also been demonstrated that
time to completion is a poor metric for the objective assessment of laparoscopic task
performance compared to analysis of accuracy [6, 16].

While early results suggest that VR simulators and video trainers such as the FLS
have an important role to play in the determination of what constitutes surgical skill
proficiency and how it is to be objectively assessed within training, further valida-
tion of the specific metrics used within these training systems is needed, particularly
with respect to objectivity, and novel objective metrics are needed to enable accu-
rate and reliable assessment of laparoscopic surgical skills training, proficiency, and
decay/retention [17]. These metrics must demonstrate reliability, validity, practical-
ity, and consistency with measures of high-quality surgery in the operating room in
order to provide the basis for proficiency-based learning programs. [5] Proficiency-
based training has been shown to result in laparoscopic skills that are durable up to
11 months and retention of such skills was also shown by Hiemstra, Kolkman, Van
de Put, and Jansen (2009) to be durable for up to 1 year for three MIS-related tasks,
similar to FLS tasks [18, 19]. However, these studies have relied primarily on sub-
jective metrics for assessment.
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Robotic-Assisted Laparoscopic Surgery Training
and Assessment Platforms

Simulators

The da Vinci surgical robot (Intuitive Surgical, Sunnyvale, CA) is currently the most
widely used surgical robot and is the only surgical robot approved for use in the
United States by the Food and Drug Administration (FDA).

Intuitive Surgical Inc. (ISI) provides a four-step training pathway for the da
Vinci. The first phase includes an online course, procedural video review, and
robotic system in service guided by an ISI representative [20]. Prospective surgeons
then proceed with skill development during phase two. Here, surgeons work to
develop proficiency on critical skills, using multiple forms of simulation [20].Phase
three works to introduce more advanced techniques and instrumentation to the
developing robotic surgeon, as well as gaining experience as the bedside assistant in
surgical cases [20]. By the fourth phase, surgeons will take on the role of console
surgeon [20]. Each step has recommended time commitments, ideal scoring ranges,
and case involvement.

Many hospitals and simulation centers also offer both wet and dry surgical train-
ing labs, which may be supported by personnel from ISI or external simulation
companies and also by in-house simulation technicians. The majority of facilities
will only house one simulator, but institutions specializing in training MIS tech-
niques have the capacity to train in a group setting, demonstrated in Fig. 5.11.

Additionally, as with open surgery and laparoscopic surgery, junior robotic sur-
geons often perform partial procedures, with a senior surgeon observing and the
option of performing more difficult parts of the procedure. The dual console

Fig.5.11 Group simulation with Mimic dV-Trainer
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capacity of the da Vinci offers unique opportunities of training while in the
OR. When two consoles are available, both show the same image visualized by the
patient cart’s endoscope. Instruments can be handed back and forth between con-
soles, either one at a time or all three arms at once. The operative field can also be
visualized from the surgical tower’s 2D touchscreen. Any guiding telestration on the
touchscreen will be visible in both consoles.

Mimic Technologies was the first to produce a robotic-specific box trainer, shown
in Fig. 5.12. MLabs features three physical dry lab training modules, which are also
replicated in VR on the dV-Trainer and dVSS VR simulators (described below): the
Pick & Place, Matchboard1, and Pegboard1 tasks. All three represent basic robotic
skills.

As with laparoscopic skills, assessing RALS dry labs can be difficult. Traditional
laparoscopic box trainers may be better than nothing for low-fidelity simulation but
lack the ability to judge and test depth perception that robotic surgery necessitates.
The MLabs trainer has been successfully evaluated evidence in several validity con-
structs including usability (face), content, known-groups (construct), and concur-
rent validity by Ramos et al. [21] This trainer provides an objective and low-cost
way to rehearse and assess robotic skills. This particular study was unique in that it
assessed validity evidence not only for the physical tool for training but a broader
evaluative one as well, discussed below.

There are several VR robotic simulators available on the market, each with their
own charms and detriments, and numerous others on the fringes of entering the
scene. So far, four simulators, each presented in Fig. 5.13, have demonstrated valid-
ity evidence as training tools for robotic surgery; the dV-Trainer by Mimic
Technologies out of Seattle, WA; the da Vinci Skills Simulator from Intuitive in
Sunnyvale, CA; the Robotic Skills Simulator through Simulated Surgical Skills
LLC, Williamsville, NY; and the RobotiX mentor by 3D Systems in Littleton,
CO. Each system has its own graded metrics, grading scale, and presentation of
score.

The da Vinci Skills Simulator (dVSS or “backpack™) is made by the same com-
pany that produces the da Vinci robot. Unlike other simulators, the dVSS is

Fig.5.12 MLabs box
trainer
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Fig. 5.13 Four robotic simulators, their controllers, and representative simulation

integrated into the robot’s surgeon console, utilizing the master controllers, stereo-
scopic viewer, and foot pedals. The dVSS simply hooks onto the back of the console
and connects to the console with the same cables used for integrating the robot in
the OR.

Mimic developed most of the software available on the dVSS; as such the grad-
ing metrics are very similar to those found on the dV-Trainer. Originally they looked
nearly identical, but upgrades to both simulators have caused them to diverge over
time. The majority of exercises found on the dVSS target improvement of robotic
handling and basic surgical skills, like transferring shapes from one hand to another,
moving a ring along a wire, retracting a panel using the third arm, needle driving,
and energy application.

Each attempt garners an overall percentage score, which is the summation of
numerous weighted metrics, such as completion time, economy of motion, instru-
ment collisions, excessive force, instruments out of view, master of workspace
range, and additional exercise specific values, such as drops, broken vessels, blood
loss, or misapplied energy. The majority of these scores are self- explanatory, but
the economy of motion and master of workspace range earn some confusion.
Economy of motion references instrument tip path length within the simulation, in
centimeters. Master of workspace range is the radius of the master controller’s
motion from user manipulation in the physical environment. The distinction appears
subtle but in reality can assess how effectively trainees are clutching their instru-
ments and making hesitating or unnecessary movements. Clicking on each metric
reveals a brief explanation of the score and weight.

The dVSS also houses a set of suturing exercises created by 3D systems. Each
task is graded on time to complete, time efficiency, knot tying, and needle handling.
Instead of a percentage score, for each metric, the trainee receives a green or red dot
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or a gold star. Clicking on each score opens a secondary score sheet with a more
detailed explanation and key. These detailed reports can also be expanded to show
descriptions of each metric as well as a color-coded scale marking the range of
results.

Once the score sheet has been exited, it can be viewed again, upon any other
exercise’s completion. Metrics can also be compared over time by a bar graph on
each score report.

Data can also be drawn from the dVSS using a USB memory drive and viewed
on an external computer. With the skills simulator software, the drive must be wiped
of data and prepared for data upload. Once the drive is plugged into the simulator,
user data will automatically be copied over. Another method is to simply plug a
blank drive into the simulator and under the administrator login and export user
reports. This method will only show the number of attempts and highest score for
each module.

Mimic Technologies has made their own simulator as well, featuring many of the
same modules as the dVSS. The dV-Trainer is a standalone device that sits on an
adjustable table with a panel of foot pedals below. Processing and navigation occur
through an adjacent PC and monitor. Scores are automatically presented upon com-
pletion of a task. Each completion generates an overall percentage of success, which
is a summation of individual metrics described above for the dVSS. The metrics
graded are still dependent on the task (i.e., needle drops is a redundant score when
there was no needle present). The dV-Trainer has a plethora of additional exercises
not found on the dVSS, including full-length procedures with their Maestro-AR
augmented reality software. Trainees can perform partial nephrectomies, inguinal
hernia repairs, hysterectomies, and prostatectomies with VR instrumentation lay-
ered over actual 3D surgical video.

The Robotic Skills Simulator (RoSS) is also a standalone device. It looks similar
to the surgeon console for the actual da Vinci but is slightly smaller. Whereas the
dV-Trainer has utilized a tension-based system, RoSS uses standard linkage connec-
tions that simulate the master controller robotic arms. Simulated exercises for RoSS
are independent from the dVSS or dV-Trainer and range from basic coordinating
skills to full-length procedures. RoSS presents scores as a bar for each metric, which
starts out red, but turns green when a certain level is reached.

RoSS was also designed to perform more holistic evaluations using Fundamental
Skills of Robotic Surgery (FSRS) metrics. Four FSRS tasks are performed, with the
safety in operative field, critical error, economy, bimanual dexterity, and time met-
rics weighted and averaged [22]. In general, metrics are scored as an amalgamation
of camera movement, left and right tool grasps and number of times out of view, and
any instrument collisions or drops. RoSS also allows for data export under the
administrator login.

The final robotic simulator is also the most recently released. The RobotiX
Mentor by is a standalone device that has several unique features. Most obviously,
the simulated master controllers aren’t under any tension — they’re basically free
floating — and are only connected by a cord on each side. Each metric is scored on a
percentage, as with the dV-Trainer and most of the dVSS.
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RobotiX Mentor metrics are in some ways more detailed than the other simula-
tors, offering kinematic results such as left and right instrument as well as camera
path length, the path length of instruments that traveled out of view, as well as total
time, number of movements per right and left instrument, instrument collisions, and
clutch usage.

Working at any of these simulators, it is usually clear if an attempt at a particular
exercise went successfully or if it went poorly. It is not clear, unfortunately, what
that success necessarily entailed or how that success correlates to success on a simi-
lar exercise on a different simulator.

Fundamentals of Robotic Surgery

The Fundamentals of Robotic Surgery (FRS) is a robotic surgical skills training and
assessment program that was developed through a consensus conference involving
subject matter experts from varied backgrounds including surgeons, medical educa-
tors, behavioral psychologists, and cognitive scientists. The goal of the development
process for FRS was to develop a proficiency-based curriculum of basic technical
skills on which surgeons could be trained and assessed in order to ensure that they
have acquired the basic technical skills in robotic surgery before beginning training
in RALS procedures across a wide range of specialties. The FRS curriculum in its
current form is divided into four modules, including an introduction to surgical
robotic systems, didactic instructions, psychomotor skills curriculum, and team
training.

Training begins with a rigorous four-course online curriculum which focuses
upon skills needed for performing surgical procedures. Although it does include
some pre- and postoperative care beyond manual skills once the patient is in the
confines of the operating floor, the main focus is upon all the technical skills from
the time the patient enters the operating room until the patient leaves. In addition, it
includes information on the physical robot component vernacular and identification,
as well as emergency protocols and communication skills. The didactic component
does not include basic surgical knowledge such as indications and contraindica-
tions, importance of comorbidities, postoperative complications, and nonsurgical
complications; the training begins and ends at the operating room door.

Processes such as operating room arrangement, port and robotic arm placement,
docking and undocking, and instrument operation are all presented. Each psycho-
motor exercise is introduced. The seven tasks that need to be completed and poten-
tial errors are presented. Each of the four courses is followed by a short quiz which
requires a minimum of 70% correct to proceed. The entire curriculum has a larger,
cumulative, cognitive test as well upon module completion.

FRS validation testing was done with both VR simulation using the dVSS and
dV-Trainer, as well as a physical dome model, which was created using the identi-
cal VR exercises which are on both simulators. Each study group included the
same seven psychomotor skill exercises; docking and instrument insertion, ring
and rail transfer, knot tying, suturing, fourth arm cutting, puzzle piece dissection,
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Fig.5.14 FRS Task 1: Ring tower transfer. The trainee removes a ring from the top right middle
tower and places it on the lower left side tower. Then the ring from the top left middle tower is
removed and placed on the lower right side tower. Primary skills: eye-hand instrument coordina-
tion, camera navigation, use of camera pedal, and wristed instrument maneuvering. Secondary
skills: wrist articulation and ambidexterity

Fig.5.15 FRS Task 2:
Knot tying. The trainee ties
a surgeon’s knot to
approximate the two
eyelets such that they touch
each other and then back
up the knot with two more
throws. Primary skills:
appropriate handling of
suture material and tying
secure knots. Secondary
Skills: Wrist articulation,
hand-eye instrument
coordination, and
ambidexterity

and vessel energy dissection. Six of the psychomotor skill tasks are described in
Figs. 5.14, 5.15, 5.16, 5.17, 5.18, and 5.19 below. Each task had to be completed
two consecutive times to the proficiency benchmark level. Proficiency was set to
benchmark performances by expert surgeons, which were determined indepen-
dently for each task of each simulator (i.e., the number of errors that were the
benchmark score on VR simulators and the physical dome varied for each exercise,
as per the expert performances). Visual representations of the same six exercises
are seen in Fig. 5.20.

The validation trial of the psychomotor skills included pre- and post-tests with
avian tissue models, evaluated with both a numeric metric checklist by the proctor
and a video analysis of both the checklist and a GEARS scoring. In the future, an
advanced fundamentals of specialty-specific basic skills have been (and others will
be) developed by the 12 participating specialties.
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Fig. 5.16 FRS Task 3: Railroad track. The trainee must perform horizontal mattress suturing
through a series of target points to approximate the tissue, followed by anchoring the needle by
passing it through the final two target points twice. Primary skills: holding and manipulation of the
needle, following the curve of the needle, utilizing the full range of motion of the endowrist, and
using graspers. Secondary skills: eye-hand instrument coordination, passing objects between
instruments, appropriate handling of suture material, and running suture

Fig.5.17 FRS Task 4: [

Third arm cutting. The
trainee must switch control
between different
instruments to use the
monopolar scissors to cut
the vein transversely at the
hash marks. Primary skills:
switching between and
controlling multiple arms
and cutting. Secondary
skills: atraumatic handling
of tissue and eye-hand
instrument coordination

FRS was designed with the agreement of the various surgical specialties that
each specialty would develop an advanced, specialty-specific FRS which empha-
sized the basic skills unique to their specialty that was not common to all specialties
(and therefore not included in the FRS) — for example, clipping and stapling were
not included in FRS because all of the specialties did not use surgical clips or
staples.

Development within the gynecologic branch, FRGS has already been completed
and that for thoracic surgeons is under development. While many of the skills criti-
cal to safe and effective robotic handling are constant across different specialties,
the actual procedures vary widely. Proposed additions to FRGS include VR
simulation-based training on the dissection of the bladder flap, the colpotomy inci-
sions, the closure of the vaginal cuff, and the dissection of the ureter.
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Fig.5.18 FRS Task 5:
Puzzle piece dissection. In
this task, the trainee must cut
the puzzle piece pattern
between the lines without
incising the underlying tissue
or cutting outside of the lines.
Primary skills: dissection,
cutting, atraumatic tissue
handling, and sharp and blunt
dissection. Secondary skills:
eye-hand instrument
coordination and wrist
articulation

Fig.5.19 FRS Task 6: Vessel energy dissection. The trainee must dissect through the fat layer to
expose the vessel then coagulate the vessel at two points and finally cut the vessel between the two
coagulated points. Primary skills: accurate activation and use of energy sources, dissection of ves-
sels and tissues, cutting and coagulation of vessels, and multiple arm control. Secondary skills:
atraumatic tissue handling and eye-hand instrument coordination

Fig. 5.20 FRS modules from dVSS
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MIS Assessment Methods and Metrics
Da Vinci Application Programming Interface

The da Vinci robot stores vast amount of user information, but in a “black box” of
proprietary algorithms and inaccessible data, both raw and processed. There is cur-
rently no way, as with the simulators, to download operative data to an external
drive.

The da Vinci’s application programming interface (API) is a bridge between this
data and the outside world. Live information can be streamed through an Ethernet
connection to another computer containing kinematic data of the user. This data
includes how the patient cart joint angles were set up, how the master controllers are
positioned and moved, Cartesian positions of the master controllers, patient side
instruments and endoscope, and velocity of the master controllers and patient side
joints. Any actions taken by the surgeon at the console are also saved, including data
from the head sensor trigger, and standby and ready button usage, as well as master
clutch, camera control, and arm swap pedals.

API data is not openly available. Those who are interested in using it must first
enter a legal agreement with ISI. The agreement defines liability and intellectual
property rights and is only awarded if specific conditions are met. Intuitive requires
that research is designed for long-term results that is cohesive with current internal
research, that the researchers have experience with the tasks at hand and work in a
supportive clinical environment, and that the researchers and clinic can communi-
cate effectively [23]. Only then will the API interface be activated, and onsite train-
ing by intuitive on how to best utilize the resource can proceed.

API motion data is transferred over a frequency ranging from 10 to 100 Hz at 334
different data measurements. This massive amount of information can be utilized in
a number of ways for skills analysis [23].

Kumar et al. employed the API to quantify expert proficiency and differentiation
from nonexpert task completion by measuring master controller movement while
instruments were clutched [24]. In doing so, they measured only operative skills.
Operative skills are those involved with how the operator (surgeon) interacts with
the machine (robot). Typical Halsteadian training focuses instead on procedural
skills (like suturing) or the surgical technique. By eliminating measurement of other
skills, they were able to directly assess how a person was utilizing the technology,
rather than their overall adeptness at surgery.

The data measured from master movement during clutching were translated into
a vector with a Cartesian position plot. Analysis of the vectors led to 87-100% accu-
racy in identifying expert and nonexpert trainees [24]. Setting thresholds on the vec-
tor values noted at expert values for trainees would ensure an objective and
quantifiable means of assessment for robotic operational skills. The assessment
could even take place without interfering with other training or clinical schedules, as
the API is integrated into the da Vinci system with minimal additional hardware.

Da Vinci’s API can do more than assess proficiency. Several teams have used the
technology to analyze what movements define a particular task. Lin et al. asked
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what discrete and fundamental motions (or “surgemes’) make up a simple vertical
suturing task [25]. They found eight surgemes for each throw with the needle, but
not all of the eight were utilized by every surgeon [25]. For example, a surgeon
would not need to tighten the suture after a throw with their left hand and their right
hand. Knowing which surgemes are distinctive to training level would help to model
a truly proficient surgeon. As this study only tested one expert and one intermediate
surgeon (albeit over a number of trials), the definition cannot be made yet.

An important note is that the API’s data stream is only one way. Data moves from
the robot to an external computer, never the opposite direction.

ProMIS

ProMIS is a surgical simulator with known validity evidence for laparoscopy but
can be adapted for assessing robotic performance by punching an extra hole in the
simulated abdomen and adding tracking tape to da Vinci instruments [26]. Already
equipped with optical tracking software and objective performance metrics, ProMIS
proved readily adaptable to robotic applications. ProMIS had already been docu-
mented to show validity evidence as a laparoscopic training tool, and as such was a
useful benchmark in assessing how VR simulators (like the dV-Trainer or da Vinci
Skill Simulator) can train surgeons.

A primary challenge in RALS training as it currently exists is that there is not yet
an established “gold standard.” Therefore, VR simulators may be useful devices, but
without a baseline to which their progress can be compared, data showing user
improvements isn’t as elucidating as it could be. McDonough et al. sought to resolve
this problem using ProMIS, pictured docked to the da Vinci below in Fig. 5.21.
They were able to confirm evidence for face, content, and construct validity for the

Fig.5.21 ProMIS
simulator with docked da
Vinci [27]
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da Vinci-ProMIS interface as well as proposing that ProMIS be instated as a regular
form of robotic training at the institution [26].

ProMIS was found to have known-groups validity again by Jonsson et al., by
comparison of novice and experts during four tasks [28]. Required exercises included
stretching rubber bands, dissecting a shape, suturing and knot tying, and an anasto-
mosis. Researchers compared path length, duration, and evenness in movement. Path
length did not exhibit statistical significance, but the other two factors did [28].

ProMIS is advantageous to box trainers in that it generates objectively measured
metrics such as time, efficiency of motion, and path length. Blatant errors, such as
instrument collisions or incorrect cuts, were added in as a penalty by an observer.
Together, these metrics cover most of what is assessed using a VR simulator.

Motion Tracking Sensors

Another means of collecting data on tool paths and economy of motion includes the
use of electromagnetic or optical monitoring systems. Generally, a small marker is
placed on the tool tip that needs to be monitored, while a larger device generates an
electromagnetic field. There are several brands available.

One such device is the trakSTAR Tool Tip Trackers, by Ascension Technology
Corporation in Burlington, VT, visualized in Fig. 5.22. Utilization of three-
dimensional electromagnetic transponder and trackers allows for generation of a
complete Cartesian position. Tausch et al. showed that novice, and expert surgeon’s

Fig. 5.22 da Vinci
training instrument fitted
with trakSTAR tool tip
tracker [27]
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plots look remarkably different, in that the expert surgeon has condensed and con-
cise movements, whereas the novice generates an amorphous heap of unnecessary
motion [29]. The trakSTAR system costs around $4000 and is easily attached to da
Vinci tools or other laparoscopic instruments.

Using the FLS block transfer and intracorporeal suturing tasks as well as a novel
ring tower exercise, time (s), path length (cm), and economy of motion (cm/s) were
tested using trakSTAR technology. In all areas the experienced surgeon scored bet-
ter than the novices, and the generated position plots demonstrated why. Graphs
plotting instrument tip paths in Fig. 5.23a, b illustrate how the expert surgeon can
distinguish left- and right-hand motions to their respective sides of the given task, as
well as minimizing excessive or unnecessary motions. The expert was shown to
have clean, distinct motion depictions, while novices have a cloud of extraneous
movement. Experts also utilize less three-dimensional space than the novices are
able to, marking greater precision with their instruments [29].

Other trackers that have been utilized for laparoscopic techniques include
AURORA from Northern Digital Inc., Ontario, Canada, which functions with an
electromagnetic field like trakSTAR but is a smaller system, and TrENDO, from
Delft University of Technology, Delft, the Netherlands, which is only an optical
tracker. TrTENDO is a two-axis three-sensor gimbal device [30]. The instrument is
inserted through the sensors, which can then measure four degrees of freedom.
Information about the motions is transferred across 100 Hz. The setup is bulkier
than other options and is integrated into the box trainer itself.

Data from tracker systems such as these is useful but requires some vector analy-
sis for the information to have any meaning. They also can only be used on a box
trainer, never applied to a clinical setting, severely limiting when assessment can
occur. Trackers also fail to grade the quality of the surgeon’s work. Things like
incorrect knots, broken suture, missed cuts, and instrument collisions must either be
counted by an observer or forsaken.
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Fig.5.23 3D Cartesian coordinates of novice (a) and expert (b) robotic tool tips during FLS block
transfer task plotted from trakSTAR system [29]
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Some simulators have integrated tracking capabilities, such as the Electronic
Data Generation for Evaluation (EDGE) device by the Simulab Corporation out of
Seattle, WA, shown with the FLS peg transfer task in Fig. 5.24a, b. EDGE utilizes
six sensors to measure exercise duration, path length, rotation, and force used on the
instruments in reality-based simulation. Depending on the goal of a particular train-
ing session, different tasks can be placed in the trainer. Comparison of expert and
novice tool tip paths with EDGE in Fig. 5.25a, b appears similarly to those mea-
sured with trakSTAR; dominating features are left- and right-hand distinctions as
well as discrete instrument paths traveled [10, 17].

The haptic forces measured by EDGE can also distinguish between experts and
novices. The plots below (Fig. 5.26a, b clearly illustrate that novice surgeons use
more force and more frequently. This data is inherently valuable, as excessive force
can cause irreparable tissue damage during operative procedures).

Fig.5.24 (a, b) Simulab EDGE laparoscopic simulator

a Novice Tool Tip Path - FLS Peg Transfer e b Expert Tool Tip Path - FLS Peg Transfer . et

B Right I Right

Fig.5.25 Novice (a) and expert (b) instrument tip path during FLS peg transfer [27]



78 E.l. George et al.
Fig.5.26 Novice (a) and a4 Novice
expert (b) grasp force over '
time during FLS peg transfer 2 % 1
[27] g 20 1
£ 15 !
12}
é!; 10 i
5 d
% 50 100 150 200 250 300
Time (sec)
b 30 Expert
- 25 - Left
z ” ~ Right
(o}
<]
& 15
Q
8 10
R WA
0 l Ay l L .l Ll | 1 ll " k ‘ 1 0 Il l
0 20 40 60 80 100
Time (sec)
Idle Time

While previous work has demonstrated that motion-based metrics provide reliable
and objective measures of surgical skill components [4], periods of nonmovement
(idle time) have been largely ignored. Recent surgical skills research has identified
anovel metric that focuses on periods during surgical task performance in which the
hands are not moving: idle time. Idle time is characterized as, “a lack of movement
of both hands and may represent periods of motor planning or decision making that
can be used to differentiate performance” [31]. Specifically, idle time may reflect
momentary pauses in task performance related to underlying cognitive, perceptual,
and psychomotor skill components. Preliminary analyses applying idle time as a
metric to existing data sets have revealed promising correlations between idle time
characteristics and independent variables such as level of expertise and task
difficulty.

Idle time as a metric of surgical assessment was initially defined through a
conference-based consensus effort of surgical trainers who were members of the
crucial surgical societies and boards responsible for the education, training, and
certification of surgeons [10]. Subsequently, this metric has been quantified using
tool/hand motion data and has been used to stratify surgical skills [5, 11-15]. This
metric has been successfully used in analysis of performance on a suturing board [5]
dataset and assessment of performance in 5 of 10 needle insertion during subclavian
central line placement [15]. With these intriguing, preliminary results, further
exploration of “idle time” within surgeon speech is warranted as this potentially
may indicate cognitive overload, particularly in the case of novices.

More recently, Crochet et al. included a measure of idle time as one of several
metrics in an evaluation of the validity of a laparoscopic hysterectomy (LH) module
using the Lap Mentor VR simulator [32]. However, Crochet et al. refer to idle time
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as being “nonproductive” time, and, specifically, “total time the movements of the
instruments do not make tissue contact” [32]. While this study only assessed total
idle time and did not examine the temporal location or duration of each idle event,
it succeeded in demonstrating initial construct validity of the idle time metric.
Significant (p=0.0001) differences in idle time were reported for each of the three
experience levels 8 experienced (M = 357 s), 8 intermediate (M = 654 s), and 24
inexperienced surgeons (M = 747 s) [32]. It is worth noting that idle time is a rela-
tively new metric that appears on few of the currently available VR simulators.

Global Rating Scales

OSATS

The objective structured assessment of technical skill (OSATS) was one of the first
assessments to utilize a global rating scale, which became widely accepted for eval-
uating surgical residents during open procedures. Along with a global rating scale
represented in Table 5.1, OSATS also includes a detailed checklist. Checklists are
procedure specific and individually validated for each additional evaluated surgery.

The global rating scale was first validated for an inferior vena cava repair necessi-
tated by a stab wound, on both a bench trainer and live porcine model [33]. The global
ratings scale outperformed the checklist in consistency between models (box trainer and
animate porcine tissue) [33]. An outcome of this is that MIS-specific objective assess-
ment tools are based on the global ratings scale portion of OSATS, to be discussed later.

However, more recent research shows that the checklist may be a more valuable
tool than initially thought. Checklists have defined yes or no answers and are thus
designed to have low ambiguity, making it easier for studies to establish interrater
reliability [34]. Direct comparison of checklists and global rating scales shows that
interrater reliability was significantly higher for the checklist evaluations, though
this study was disadvantaged by having only two raters [34].

Presented above is the global ratings scale from OSATS. Each metric is graded
with a numeric anchored Likert scale. Rensis Likert, a psychologist at the University
of Michigan in the mid-1900s, developed the Likert scale as a way to uniformly test
people’s attitudes toward a subject. There are several qualifications to being a Likert
scale. Firstly, they must have multiple metrics that are being graded. A Likert scale
is said to be anchored by using labeled integers as the score for each item.
Descriptions of the score must be arranged symmetrically and evenly. Summing the
scores generates the overall score, though they can be averaged. OSATS, and the
other global ratings scales we’ll discuss here, only anchor points 1, 3, and 5, which
does give the assessor slightly more freedom.

Note that use of assistants metric is not critical, or even relevant in some proce-
dures, and thus this metric is frequently absent. Depending on the task at hand,
assessors add in metrics such as suture handling or scales of overall performance
and quality of final product, which are not found on the original global ratings scale
[35]. Martin’s original scale also included a final pass/fail question, though this was
lost in later versions due to poor reliability [33].
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Table 5.1 OSATS

Respect for 1 3 5
time Frequently used Careful handling of Consistently handled
unnecessary force tissue but tissues appropriately
on tissue or caused occasionally caused with minimal
damage by inadvertent damage damage
inappropriate use of
instruments
Time and 1 3 5
motion Many unnecessary Competent use of Economy of
moves instruments although movement and
occasionally maximum efficiency
appeared stiff or
awkward
Instrument 1 3 5
handling Repeatedly makes Competent use of Fluid moves with
tentative or instruments although instruments and no
awkward moves occasionally awkwardness
with instruments appeared stiff or
awkward
Knowledge of |1 3 5
instruments Frequently asked Knew the names of Obviously familiar
for the wrong most instruments and with the instruments
instrument or used used appropriate required and their
an inappropriate instrument for the names
instrument task
Use of 1 3 5
assistants Consistently placed Good use of Strategically used
assistants or failed assistants most of the assistant to the best
to use assistants time advantage at all
times
Flow of 1 3 5
operation and Frequently stopped Demonstrated ability Obviously planned
forward operating or needed for forward planning course of operation
planning to discuss next with steady with effortless flow
move progression of from one move to
operative process the next
Knowledge of 1 3 5
specific Deficient Knew all important Demonstrated
procedure knowledge. Needed aspects of the familiarity with all

specific instruction
at most operative
steps

operation

aspects of the
operation

Adapted from Martin et al. [33]

OSATS is thorough but demands extensive time and resources from both the exam-
iners and examinees. The question changed from how to evaluate technical skills to
how to efficiently evaluate technical skills. Issues also arise from potential examiner
bias. Instructors grading their own students are motivated to give students higher
scores in order to reflect well on themselves, even inadvertently. Blinding is impossi-
ble unless the procedure is recorded and evaluated later (see section “C-SATS”).
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OSATS was created with open surgical skills in mind but served as a platform for
later MIS-specific objective measures.

GOALS

For the most part, OSATS has held up well for evaluating technical skills in open
procedures but needed adaption for minimally invasive procedures. There are any
number of global rating scales for MIS but few that could be used universally for the
huge variety of surgical skills and presentations seen in MIS. Take, for example,
ORCS, the objective component rating scale for a Nissen fundoplication. It is a vali-
dated and reliable tool, but only for one particular surgery, and only during opera-
tive procedures [36].

The result was Global Operative Assessment of Laparoscopic Skills (GOALS)
[37]. While similar to OSATS with different metrics graded on Likert scale from 1
to 5, GOALS clearly tests different factors, confirmed in Table 5.2. Depth percep-
tion is certainly an aspect in open procedures but is compounded and vastly more
complicated when viewing an image generated by a monocular endoscope. OSTATS
tested time and motion, and in GOALS this is more clearly outlined under the “effi-
ciency” metric while blended with the original “flow of operation.” Bimanual dex-
terity is critical to MIS — and as such has earned its own metric. OSATS’s “respect
for tissue” translates to “tissue handling” but is asking the same question. Similarly,
“knowledge of specific procedure” becomes the similar “autonomy” grade, which
inquires how well the procedure was performed without outside aid [37].

To test GOALS, researchers compared the prospective global scale against a
procedure-specific ten-item checklist and two 10 cm visual analogue scales (VAS).
The VAS asked raters to place a mark on the line for the degree of difficulty, ranging
from “extremely easy” to “extremely difficult” and overall competence extending
from “maximum guidance” to “fully competent” [37]. The checklist could not dif-
ferentiate skill level, was only applicable to a laparoscopic cholecystectomy, and
had poor interrater reliability. The VAS similarly failed between proctors but did
have construct validity. Overall, there was no added benefit to adding in the check-
list or VAS, as such they were excluded from the final version of GEARS. Vassilou
suggested that the VASs were too lenient, and the checklists too rigid, but that the
global ratings scale fell somewhere in the middle [37].

The transition from OSATS to GOALS has proven to be a consistent one. Dual
analysis of novice laparoscopic surgeons reveals high correlation between OSATS
and GOALS scores [38].

GOALS have achieved evidence for construct validity several times over. Gumbs
et al. showed that novice and experienced residents can accurately be differentiated
from each other using GOALS during laparoscopic cholecystectomy and laparoscopic
appendectomy procedures [39]. Experienced surgeons (PGY 5-6) consistently outper-
formed novice surgeons (PGY 1-3) with statistical significance during laparoscopic
cholecystectomy and laparoscopic appendectomy procedures [39]. On a finer scale,
GOALS could distinguish even between novice and graduating surgical fellows [40].

In the Gumbs study, attending surgeons completed GOALS as part of each case’s
operative note, with the scale automatically generated. This method not only
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Table 5.2 GOALS

Depth 1 3 5

perception Constantly Some overshooting Accurately directs
overshoots target, or missing of target instruments in the
wide swings, slow but quick to correct correct plane to target
to correct

Bimanual 1 3 5

dexterity Uses only one hand, Uses both hands but Expertly uses both
ignores does not optimize hands in a
nondominant hand, interaction between complimentary manner
poor coordination hands to provide optimal
between hands exposure

Efficiency 1 3 5
Uncertain, Slow but planned Confident, efficient,
inefficient efforts; movements are and safe conduct;
many tentative reasonably organized maintains focus on
movements; task until it is better
constantly changing performed by the way
focus or persisting of an alternative
without progress approach

Tissue 1 3 5

handling Rough movements, Handles tissues Handles tissues well,
tears tissue, injures reasonably well, applies appropriate
adjacent structures, minor trauma to traction, negligible
poor grasper adjacent tissue (i.e., injury to adjacent
control, grasper occasional structures
frequently slips unnecessary bleeding

or slipping of the
grasper)

Autonomy 1 3 5
Unable to complete Able to complete Able to complete task
entire task, even task safely with independently without
with verbal moderate guidance prompting
guidance

Adapted from Vassilou et al. [37]

contributed to a large number of cases to evaluate (51 laparoscopic cholecystecto-
mies and 43 laparoscopic appendectomies) but is an easily sustainable way for an
institution to collect GOALS.

One potential flaw with this method of assessment is lack of blinding. Attending
surgeons completing GOALS for their residents would certainly know who they
were and be subject to their own biases about both the person and procedure in
question. Particularly in situations where remediation is being considered, unbiased
and objective assessment could be a valuable tool. A solution is blinded video
review by high-performing laparoscopic surgeons. In a direct comparison of blinded
video review and direct observation, studies established that it is possible but have
highlighted the necessity of evaluator training [41, 42].

An interesting question, and one that presented itself uniquely for GOALS
though is likely evident in other global ratings scales, was if any of the metrics were
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more discriminating than the others. Watanabe et al. found that by utilizing item
response theory, they were able to calculate which aspects of GOALS are more dif-
ficult over an impressive 12-year time period with a total of 396 evaluations [43].
These metrics included the bimanual dexterity, efficiency, and autonomy items and
were also found to show nonlinear regression in achieving marks on the higher side
of the scales. This means that not only are certain aspects more difficult but that it is
increasingly more difficult to earn a higher score the further to the right on the
global rating scale one goes [43].

GEARS

Robotic-assisted surgery comes with new challenges for robotic-assisted surgery
and thus for assessment. At the present, there isn’t technology to support haptic
feedback during robotic-assisted surgery, though this will likely be changing shortly.
As a consequence, gaining skill in force sensitivity and robotic handling are critical,
yet tricky, businesses that differentiate robotic from laparoscopic surgery. Another
distinguishing skill is addition of 3D stereoscopic visualization, compared to lapa-
roscopies 2D endoscopes.

To generate the means of assessing these differences, Goh and his team based a
global ratings scale off of GOALS that measured robotic-specific skills, pictured
below in Table 5.3 [44].

Since GEARS' development it has undergone extensive validation. Evidence of
construct validity has been shown many times over by various studies [21, 44—47],
as well as face, content, and concurrent validity [21]. The majority of GEARS
research has been done with in vivo cases, though construct validity has also
extended to dry lab simulation [21]. Interrater reliability has also been illustrated,
across a number of different grading groups.

Nabhani et al. took GEARS further with evaluations on surgeons immediately
after robotic prostatectomies and robotic partial nephrectomies [48]. They took a
slightly different approach to completing evaluations, using faculty, fellows, resi-
dents, and surgical technicians. The findings were not surprising; surgeons with
higher levels of experience had better correlation than the other groups, particularly
resident self-evaluations and the surgical technicians. Overall though, GEARS per-
formed well as an assessment for live surgery [48].

GEARS not only can be utilized for evaluating skills acquisition during surgery
or dry lab rehearsal but also for assessing progress during dry lab or VR robotic
simulation and for full-length procedures [46, 49]. All VR simulators utilize varying
metrics to grade performance, but GEARS can be used as a baseline score generator
to compare viability as a training tool for the different devices.

C-SATS

Crowd sourcing is a plausible solution to the notoriously long wait times for expert
review. In a study evaluating possible means of scoring BLUS tasks and earlier
robotic attempts at FLS modules, researchers found that Amazon.com’s Mechanical
Turks could rate exercises as well as both expert reviewers and motion capture tech-
nology [50, 51]. (Why Turks? The story goes the Napoleon Bonaparte, brilliant
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Table 5.3 GEARS

Depth 1 3 5

perception Constantly Some overshooting Accurately directs
overshoots target, or missing of target instruments in the
wide swings, slow but quick to correct correct plane to the
to correct target

Bimanual 1 3 5

dexterity Uses only one Uses both hands but Expertly uses both
hand, ignores does not optimize hands in a
nondominant hand, interaction between complementary way to
poor coordination hands provide best exposure

Efficiency 1 3 5
Inefficient efforts; Slow but planned Confident, efficient, and
many uncertain movements are safe conduct; maintains
movement reasonably organized focus on task, fluid
constantly progression
changing focus or
persisting without
progress

Force 1 3 5

Sensitivity Rough moves, tears Handles tissues Applies appropriate
tissue, injuries reasonably well, tension, negligible
nearby structures, minor trauma to injury to adjacent
poor control adjacent tissue, rare structures, no suture
frequent suture suture breakage breakage
breakage

Autonomy 1 3 5
Unable to complete Able to complete Able to complete task
entire task, even task safely with independently without
with verbal moderate guidance prompting
guidance

Robotic 1 3 5

Control Consistently does View is sometimes Controls camera and

not optimize view,
hand position, or
repeated collisions
even with guidance

not optimal.
Occasionally needs
to relocate arms;
occasional collisions
and obstruction of
assistant

hand position optimally
and independently.
Minimal collisions or
obstruction of assistant

Adapted from Goh et al [44].

strategist and chess player, was beaten at the game by an 1800s version of a robot,
painted and dressed to look Turkish. The defeat was of course not from artificial
intelligence but from man, one who would puppeteer the device while hidden inside).
Mechanical Turks complete Human Intelligence Tasks (HITs) for pay; some are
very simple and only earn a few pennies, and others require specific skill and can
earn several dollars. HITS are approved by the agency requesting the task, and each
workers approval rating can be viewed before they are hired for a task.
Crowd-sourcing videos of surgeons performing dry lab or operative procedures
is becoming an increasingly popular means of evaluating training regimes. The first
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to do so, Chen et al. took videos from a previous study, which filmed surgeons per-
forming Fundamentals of Laparoscopic Surgery tasks using the da Vinci robot [52].
501 Amazon.com crowd workers and 110 Facebook users were selected as the
crowdsourced reviewers, and ten expert robotic surgeons were recruited for the con-
trol group. All participants reviewed the same video and completed only three
domains of GEARS to grade: depth perception, bimanual dexterity, and efficiency.
Facebook users and experts received no compensation; the Mechanical Turks
received $1.00 per HIT.

Crowed sourced scores that did not fall within a 95% confidence interval of the
gold standard set by the expert reviewers as a benchmark were excluded. This elimi-
nated one expert, 92 of the Mechanical Turks, and 43 of the Facebook users (90%,
82%, and 63% retained, respectively) [51]. Response times were also highly vari-
able. Whereas it took expert surgeons 24 days to review the video, it took Mechanical
Turks only 5. Facebook users took the longest, at 25 days. Chen’s study was limited
to only one video, but it was able to show that the Mechanical Turks were efficient
and reliable assessors than social media in general.

Kowalewski et al. advanced C-SATS further, beginning with 24 videos taken
from the BLUS validation study of the pegboard and suturing exercises [10, 50].
Each was reviewed approximately 60 times by individual crowd — workers, who had
first been evaluated for calibration and attention. This involved discontinuation of
participation with workers who failed to notice a trick question or whose answers
strayed too far from the norm [50]. 1,438 reviews passing the exclusion tests arrived
within 48 hours, far surpassing the 10-day period it took to get a mere 120 ratings
from the expert reviewers [50]. The crowd workers were also more discriminating
than the expert reviewers, marking 10 videos as failing versus the experts’ 8. Out of
what the experts designated passing and failing videos, the crowd workers passed
no failing performers and failed 89% of what experts claimed was only “question-
ably good” [50]. Direct comparison of expert and crowd worker scores yielded
between a 1.16 and 1.57 line of best fit, illustrated in Fig. 5.27 for the suturing and
pegboard tasks, again showing that the experts gave slightly higher scores than
crowd workers [50].

In the Turks evaluation against EDGE tracking devices, the crowd workers
were equally reliable and advantageous in terms of cost. Each Turk earned $0.67
per video, costing a total of around $1200. EDGE itself costs several times that
number and cannot evaluate every possible metric, as some do not include tool
movement [10].

The goal of a global ratings scale is to have a universal and objective model for
scoring. However, even with anchored points along the Likert scale, there is a mea-
sure of objectivity. A human is still required for the test and thus introduces their
biases, perceptions, and potential for error. Some researchers consider global rating
scales to be subjective means, while only computer-generated scores can be truly
objective [53].

All of these methods have been extensively validated by a multitude of different
sites and teams. However, there is some evidence that this kind of assessment may
fail to accurately assess the end result — the actual surgery done on a patient.
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Anderson et al. assessed residents with OSATS during articular fracture reductions
and found that higher OSATS scores did not correlate with restoring articular con-
gruity [54]. They concluded that OSATS may overestimate surgical skills, at least
for orthopedics. No such studies have been conducted evaluating GOALS or
GEARS.

Combined Metrics: Epistemic Network Analysis

Global rating scales, such as OSATS, do not include generalizable metrics for non-
technical skills and fail to include any metrics on errors and procedural outcomes
[33]. During a skills assessment comparing OSATS ratings with task-specific
checklist ratings and final product analysis, results have shown that OSATS did not
correlate with multiple task-related errors or predict final product quality [31].
Current assessment metrics for nontechnical skills, including teamwork, leadership,
communication, situational awareness, and decision-making, focus on these skills
in isolation of technical skills [55]. As such, performance feedback is usually one-
dimensional and fails to elucidate the connection between technical and nontechni-
cal skills or how these skills relate to procedural errors and outcomes. Consequently,
the use of checklists and global rating scales as isolated assessment tools limits the
type of feedback trainees receive and increases the risk of rating clinicians as com-
petent despite the possibility of having critical performance deficits.

Surgical competency requires mastery of numerous, widely diverse, technical,
and nontechnical skills that must be integrated seamlessly in fast-paced, stressful
environments. Technical competency represents a highly complex class of skills
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requiring integration of psychomotor, cognitive, and perceptual skill components
within the context of operative procedures with multiple steps and decision points
[56-58]. Problem: Technical skills have traditionally been the primary focus of sur-
gical training and performance assessments, for which the gold standard metrics
comprise procedure-specific checklists and global rating scales completed by expe-
rienced observers [33, 59]. The emphasis on technical skills fails to appreciate the
importance of critical nontechnical aspects of surgical performance such as leader-
ship, teamwork, error recognition and management, and communication. While
there has been increasing emphasis on nontechnical skills, and development of mul-
tiple evaluation techniques, these skills are largely assessed in an isolated fashion
away from technical skills [55, 60—66]. Moreover, while technical and nontechnical
skills metrics have shown validity and application to clinical care, there is still a lack
of appreciation for how these metrics relate to one another [62, 63, 67, 68]. Solution:
As the concept of workplace-based assessment draws attention to assessing clinical
skills, they are actually used — in a complex, integrated fashion, a way to achieve the
goal of integrated and holistic assessments must be found [69-71].

Preliminary research using epistemic network analysis (ENA), a sophisticated
mathematical modeling technique, has shown promise in the ability to (1) integrate
performance metrics from a variety of data sources and (2) generate holistic assess-
ment models that reveal the complex interactions between performance metrics.
ENA has been used in multiple domains to model complex thinking and problem-
solving [72]. Recently, preliminary data analysis using ENA revealed significant
correlations between procedural outcomes (quality and errors) and how surgeons
talk during a simulated surgical procedure [73-75]. One of the most significant find-
ings of preliminary work using ENA is the discovery of a relationship between
procedural outcomes and how surgeons talk during a simulated surgical procedure
[73-75].

Conclusion

In a recent review of surgical assessment methods, 202 individual research
papers documented 567 different metrics of analysis; yet time was by far the
most prevalent, appearing in 69.8% of the reviewed material. [76] Task time can
correlate with objective skill, in some cases to near perfection [77]. However, the
peril with using a stopwatch to gauge surgical skill is immeasurable. How can
areas of improvement be identified without analysis of errors? In the same
review, laparoscopic and MIS were the most predominant skills setting and the
most frequently occurring skills cited overall. [76] Clearly this is a time where
the continued development and appraisal of MIS should foster a culture of incen-
tivized learning and analysis.

An estimated 48,000-90,000 people died in the year 2000 due to medical
errors [78]. How many of those deaths were due to errors because of poorly
earned or maintained MIS skill isn’t known or likely even calculable; however,
there are several recognizable truths. Surgical skill correlates to surgical out-
come, and training improves operating room performance [8, 67]. The final key
is that training becomes more meaningful when used alongside an equally mean-
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ingful assessment. A number can have no meaning out of context, and a percent-
age is useless without comparison. Assessment is the context for learning, while
“learning is a euphemism for potentially avoidable harm” [79].

In this dynamic, fast-paced field of surgery, it is unacceptable to allow experi-
ence, or learning in any form, to come from clinical mistakes. Some harm is
horribly unavoidable but is the duty of medical professionals to strive for excel-
lence. Excellence needs to mean more than the best at one’s institution or a flashy
new technique. It needs to be defined and continually refined by measureable
standards. Only through assessment methods as advanced as the techniques they
aim to evaluate can these standards can be set.
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RACE Robotic Anastomosis and Competency Evaluation

Current Paradigms of Surgical Education

The teaching of surgeons is unique in that surgical trainees must not only acquire
fundamental specialty-specific knowledge and sound clinical judgment outside of
the operating room but also achieve mastery of technical surgical skills within it.
Though still largely based on the Halsteadian model of graduated responsibility
with progression through residency training, the current model of surgical education
has been shaped by advances in educational theory, the rise of cost-conscious care,
and national concerns regarding patient safety and litigation, as well as novel devel-
opments in surgical technology [1, 2]. Though surgical competency was tradition-
ally believed to be accomplished by sheer volume of clinical exposure, changes in
the modern clinical practice of surgery, including increasing patient complexity,
burgeoning administrative burdens, and work-hour limits, have led surgical training
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programs to reexamine and restructure their educational approach to training resi-
dents. Furthermore, volume-based advancement ensures that patients will be
exposed to surgeons in their learning curves which may be negatively correlated
with outcomes. Given the rapid pace of new technological developments within
surgery over the past few decades, similar challenges are also being faced by gradu-
ated surgeons already in practice trying to master new surgical techniques and skills
not learned in residency.

Several other factors have contributed to renewed interest in how to foster mas-
tery of technical skills within the current training paradigm. National patient safety
concerns have drawn attention to the role of healthcare systems and practitioners in
preventable medical errors and spurred quality initiatives throughout the healthcare
system [3-5]. National malpractice claims have demonstrated that overall 41% of
errors in surgical and perioperative care resulting in patient injury are due to errors
in technical competence; of those cases, a trainee’s lack of technical competence
was implicated 40% of the time [6]. In this context, surgical skills development
takes on implications beyond simply training individual residents, as developing
technical competence directly impacts patient outcomes [7].

Cost is also a significant consideration in the current model of surgical education.
Resident involvement in operative cases decreases efficiency. Multiple studies of
general surgical procedures have demonstrated that resident involvement increases
operative time in almost all cases [8—10]. Given the high cost of operating room
time, which has been estimated at $900-1200 per hour, the annual cost burden
attributed to extra operating room time for resident education has been estimated at
$53 million [8, 11]. The efficient development of surgical proficiency both within
and beyond the operating is therefore paramount.

To appropriately address the need for more efficient development of technical
skills, it is critical to understand the current educational theory surrounding the
acquisition and mastery of procedural skills. Much of the foundation for mechani-
cal and surgical learning theory is based on the classic three-stage theory of motor
skills acquisition proposed by Fitts and Posner in 1967. This separates learning
into cognitive, associative, and autonomous stages (Table 6.1). In the cognitive
stage, the task and its mechanics are largely intellectualized; the procedure is car-
ried out in a series of small steps, and the task performance is often erratic and
inefficient. In the associative phase, knowledge about how to perform the task is
translated into task performance. With deliberate practice and feedback, task per-
formance becomes more efficient. In the final autonomous stage, task performance
becomes fluid and continuous through continued feedback and refinement of per-
formance, with minimal dependence on conscious cognitive thought [12]. As
applied to surgical training, it is this autonomous mastery of basic skills such as
knot tying or suturing that allows trainees to focus on the more complex technical
and nontechnical aspects of operating and to grow as surgeons. Thus, it has been
suggested by some that the cognitive and associative stages should be practiced by
trainees largely outside of the operating room to maximize the utility of intraopera-
tive time [1]. Such calls have paralleled the increasing use of simulation in surgical
training.
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Table 6.1 The Fitts-Posner three-stage theory of motor skills acquisition

Stage Goals Method Characteristics

Cognitive Establish task goals Explicit Slow, inconsistent,
Determine appropriate knowledge interrupted movements
sequence of actions to
achieve desired goal

Associative Understand and perform Exploration of More fluid and efficient
mechanics details
Attention to specific subparts | Deliberate
and transitions within the practice
sequence Feedback

Autonomous Task performance is honed Continued Accurate, consistent,
Development of automatized | feedback fluid, continuous
routine Repetition

Adapted, Fitts and Posner [12]

Ericsson’s theories on the development of expertise further inform current mod-
els of surgical education. Experts are those individuals whose performance of a
particular task is identified as reproducibly superior to that of their peers. For these
individuals, continued improvement in performance occurs gradually and over
extended periods of time. Indeed, 10 years or 10,000 h is generally regarded as the
time investment required to attain expert levels of performance. Mastery of a task
requires motivation on the part of the trainee, detailed, immediate feedback on their
task performance, and repeated practice. This concept has been termed “deliberate
practice” [13]. In contrast with previous theories by Sir Francis Dalton implicating
innate ability as the primary factor for expert performance, the idea of deliberate
practice suggests that expertise is attainable primarily through motivated and
focused practice.

A critical component of deliberate practice and attainment of expert performance
is both the quantity and nature of feedback. Within the education literature, there
remains disagreement as to the optimal timing and quantity of feedback to maxi-
mize procedural mastery. Across several studies, frequent, intermittent, and imme-
diate feedback appears to be most effective in improving procedural performance,
decreasing error, and improving learning curves among cohorts of novice trainees
[14, 15]. However, other studies have demonstrated that too intense feedback during
the early stages of learning may actually hinder learning [16]. Regardless, the role
of feedback is central to the development of expert performance and plays a critical
role in the education of surgical residents in the current training paradigm.

Current methods of surgical skills evaluation are limited in scope, timing, and
objectivity. Accreditation Council for Graduate Medical Education (ACGME) oper-
ative case logs serve as an overall surrogate for a trainee’s surgical exposure and, by
extrapolation, the development of their surgical skills. However, this remains an
imprecise marker for technical skill, as it does not completely capture the extent of
a trainee’s involvement in the case, their innate surgical ability and clinical judg-
ment, or technical progress. Moreover, it depends on accurate and appropriate log-
ging of cases by the trainee and is therefore prone to a degree of subjectivity. Surveys
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examining the perceptions of surgical residents and faculty regarding the degree of
resident involvement in operative cases have demonstrated that there is poor agree-
ment between faculty and residents regarding the role and percent of the case per-
formed by the resident; in only 47-58% of cases was there good correlation [17,
18]. Though ACGME operative case logs provide a general assessment of operative
case volume, their use to assess the overall surgical skill of trainees carries obvious
limitations.

Day to day, most trainees receive constructive feedback on specific operative
performances and technique from their attending surgeons to refine operative skills.
Such feedback may be provided informally and directly in the moment within the
operating room or more commonly may be presented indirectly in aggregate as part
of a formalized feedback mechanism at the conclusion of a rotation. However, the
quality, quantity, and formative values of this feedback may be highly variable.
Such feedback represents a single surgeon view, may carry a significant degree of
bias, and usually applies to a limited repertoire of observed surgical procedures [19,
20]. Moreover, the timing of such feedback may be significantly delayed. In one
survey conducted at a large academic orthopedic surgery program, 58% of residents
reported that end-of-rotation evaluations were rarely or never completed in a timely
fashion, with more than 30% of such evaluations completed over 1 month after a
rotation’s end. Moreover, the majority of residents and faculty members felt that
such end-of-rotation evaluations were inadequate for surgical skills feedback [21].

In practice, patient outcomes might provide an additional indirect measure of a
surgeon’s technical skills, as this has previously been linked to postoperative com-
plications [7]. However, as trainees operate under the supervision of more experi-
enced attending surgeons, their technical missteps are often immediately corrected
and therefore may not necessarily be reflected in a patient’s clinical course.
Moreover, postoperative outcomes are influenced by many other nonoperative vari-
ables such as patient disease, ancillary therapies, and post-hospitalization care that
limit direct correlation between outcomes and specific surgical techniques. The
delayed nature of such feedback also makes it challenging to directly link specific
technical aspects of the operation to the overall patient outcome. Lastly, the rotation-
based nature of surgical training programs does not always ensure the continuity of
care for trainees necessary for this to be a consistently useful form of feedback.

In an attempt to minimize the variability and subjectivity inherent in standard
evaluative mechanisms, more structured assessment tools have been developed to
help standardize and formalize feedback for specific surgical tasks (Table 6.2).
These include the validated Objective Structured Assessment of Technical Skills
(OSATS), the Global Operative Assessment of Laparoscopic Skills (GOALS), and
the Global Evaluative Assessment of Robotic Skills (GEARS) [22-24]. These
assessment tools have been largely used in evaluating videotaped performance in
simulation tasks but have also been used to assess intraoperative skills and have
been correlated to patient surgical complications and outcomes [7, 25]. While these
tools allow evaluators to provide uniform and more objective feedback for a surgical
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Table 6.2 Validated surgical technical skills assessment instruments
(a) Objective Structured Assessment of Technical Skills (OSATS) [22]
Respect for 1 2 |3 4 |5
tissue Frequently used Careful handling of Consistently handled
unnecessary force on tissue but tissue appropriately
tissue or caused occasionally caused with minimal damage
damage by inadvertent damage
inappropriate use of
instruments
Time and 1 2 |3 4 |5
motion Many unnecessary Efficient time/motion Economy of
moves but some movement and
unnecessary moves maximum efficiency
Instrument 1 2 |3 4 |5
handling Repeatedly makes Competent use of Fluid moves with
tentative or awkward instruments although instruments and no
moves with occasionally awkwardness
instruments appeared stiff or
awkward
Knowledge 1 2 13 4 |5
of Frequently asked for Knew the names of Obviously familiar
instruments | the wrong instrument most instruments and with the instruments
or used an used appropriate required and their
inappropriate instrument for the names
instrument task
Use of 1 2 |3 4 |5
assistants Consistently placed Good use of Strategically used
assistants poorly or assistants most of the assistant to the best
failed to use time advantage at all times
assistants
Flow of 1 2 |3 4 |5
operation Frequently stopped Demonstrated ability Obviously planned
and forward | operating or needed for forward planning course of operation
planning to discuss next move with steady with effortless flow
progression of from one move to the
operative procedure next
Knowledge 1 2 |3 4 |5
of specific Deficient knowledge. Knew all important Demonstrated
procedure Needed specific aspects of the familiarity with all
instruction at most operation aspects of the
operative stages operation
Opverall on this task, should this candidate: o Pass o Fail
(b) Global Operative Assessment of Laparoscopic Skills (GOALS) [23]
Depth 1 2 3 4 |5
perception Constantly Some overshooting Accurately directs

overshoots target,
wide swings, slow to
correct

or missing of target,
but quick to correct

instruments in correct
plane to target

(continued)
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Table 6.2 (continued)

(b) Global Operative Assessment of Laparoscopic Skills (GOALS) [23]

Bimanual 1 2 |3 4 |5

dexterity Uses only one hand, Uses both hands but Expertly uses both
ignores non- does not optimize hands in a
dominant hand, poor interaction between complimentary
coordination hands manner to provide
between hands optimal exposure

Efficiency 1 2 |3 4 |5
Uncertain, inefficient Slow but planned Confident, efficient,
efforts, many movements are and safe conduct,
tentative movements, reasonably organized maintains focus on
constantly changing task until it is better
focus or persisting performed by way of
without progress an alternative

approach

Tissue 1 2 3 4 |5

handling Rough movements, Handles tissue Handles tissues well,
tears tissue, injures reasonably well, applies appropriate
adjacent structures, minor trauma to traction, negligible
poor grasper control, adjacent tissue (i.e., injury to adjacent
grasper frequently occasional structures
slips unnecessary bleeding

or slipping of the
grasper)

Autonomy 1 2 |3 4 |5
Unable to complete Able to complete Able to complete task
entire task, even with task safely with independently
verbal guidance moderate guidance without prompting

(c) Global Evaluative Assessment of Robotic Skills (GEARS) [24]

Depth 1 2 3 4 |5

perception Constantly Some overshooting Accurately directs
overshoots target, or missing of target, instruments in correct
wide swings, slow to but quick to correct plane to target
correct

Bimanual 1 2 3 4 |5

dexterity Uses only one hand, Uses both hands, but Expertly uses both
ignores non- does not optimize hands in a
dominant hand, poor interaction between complimentary
coordination hands manner to provide

best exposure

Efficiency 1 2 |3 4 |5
Inefficient efforts, Slow but planned Confident, efficient,
many uncertain movements are and safe conduct,
movements, reasonably organized maintains focus on

constantly changing
focus or persisting
without progress

task, fluid progression
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Table 6.2 (continued)

Force 1 3 5
sensitivity Rough moves, tears Handles tissues Applies appropriate
tissue, injures nearby reasonably well, tension, negligible
structures, poor minor trauma to injury to adjacent
control, frequent adjacent tissue, rare structures, no suture
suture breakage suture breakage breakage
Autonomy 1 3 5
Unable to complete Able to complete Able to complete task
entire task, even with task safely with independently
verbal guidance moderate guidance without prompting
Robotic 1 3 5
control Consistently does View is sometimes Controls camera and
not optimize view, not optimal. hand position
hand position, or Occasionally needs optimally and
repeated collisions to relocate arms. independently.
even with guidance Occasional collisions Minimal collisions or
and obstruction of obstruction of
assistant assistant

task, they remain imperfect. The resources required to record trainees’ task perfor-
mances, as well as the time investment and associated cost required on the part of
each surgeon to watch and assess each task performance, limit the scalability of this
means of evaluation across a large cohort of residents [26, 27]. Indeed, the limita-
tions of our current surgical feedback mechanisms have become so significant that
a recent consensus of the Association for Surgical Education has prioritized the
determination of the best methods and metrics for assessment of technical and non-
technical surgical performances as a top ten research priority for twenty-first-
century surgical simulation research [28].

One proposed means to better foster mastery of surgical skills is the use of surgi-
cal coaches. Work by Greenberg and colleagues from the University of Wisconsin
has provided a framework by which peer-based surgical coaching might be inte-
grated into a program for surgical skills development, both for surgeons in training
and experienced surgeons in practice. Surgical coaches are poised to optimize
“deliberate practice” by setting goals, providing motivation and encouragement,
and providing guidance within the context of a collegial relationship [29]. Such an
approach could address not only the technical aspects of surgical skills development
but also cognitive and nontechnical areas as well. With the increasing volume of
laparoscopic and minimally invasive approaches in surgery, video-based peer surgi-
cal coaching has also been introduced as a potential alternative to traditional feed-
back mechanisms [30]. However, even with such innovative approaches, the
challenges of scalability and time investment remain, as these frameworks continue
to rely on the expertise of a limited number of expert surgeons to advance the skills
of numerous residents and peer surgeons.
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Crowdsourcing Technology: Definitions and Evolution

In the context of such constraints in our current surgical training paradigm, increas-
ing interest in crowdsourcing has developed. This term refers to a large-scale
approach to accomplishing a task by opening it to a broad population of decentral-
ized individuals who may complete the task more effectively in aggregate than any
single individual or group of individuals [31]. Despite its recent rise in popularity,
such a large-scale approach to problem-solving dates back as far as 1714, with the
British Parliament’s establishment of the Longitude Act. This declaration offered up
to £20,000 to any individual who could provide a simple, practical, and accurate
method of determining the longitude of a ship at sea. It has since been applied
across multiple fields from astronomy to ornithology, with the advantages of effi-
ciency, scalability, flexibility, and diversity to solving the particular problem at hand
[32]. The success of crowdsourcing lies in aggregating the collective intelligence of
all participants, such that the distributed wisdom of the group surpasses that of any
single individual [33].

Over the past few decades, the widespread integration of the Internet has further
helped to shape the evolution of crowd-based wisdom. The aggregate value of
crowds networked through the Internet has been termed by some as “collective
intelligence,” an entity that is constantly changing, growing, and evolving in real
time [34]. The Internet has not only allowed for the rapid connection of individuals
in the pursuit of a single problem’s solution but has also facilitated the formal orga-
nization of such virtual individuals into an easily accessible entity that can solve a
wide range of problems, from straightforward tasks to complex problems requiring
critical intellectual input.

The Amazon Mechanical Turk is one example of this phenomenon. This market-
place service provides access to more than 500,000 “Turker” crowdworkers from
over 190 countries who perform a range of “human intelligence tasks,” including
data processing, information categorization, business feedback, and content mod-
eration. Such tasks are generally deemed too challenging or inefficient for current
artificial intelligence algorithms to complete. For each completed task, workers are
paid a small sum. One survey of these workers actually found that monetary incen-
tive was the primary reason for their participation in such tasks, particularly for
those not based in the United States [35].

Such organization of crowdworkers has allowed for the recent rapid and wide-
spread adoption of crowdsourcing across a multitude of fields. Within the business
realm, several corporations have been built around crowd-based wisdom, capitaliz-
ing on their collective intelligence to sell merchandise, amass repositories of photo-
graphs, and develop innovative research and development solutions [33]. The reach
of crowdsourcing also extends into the healthcare realm, where it has served a myr-
iad of roles in the areas of molecular biology, comparative genetics, pathology, and
epidemiology [36]. Challenges in computational molecular biology have been read-
ily addressed by large-scale problem-solving, which has been used to discover ter-
tiary protein folding patterns [37] and to generate phylogenetic arrangements of
genetic promoter regions from vast numbers of nucleotides [38]. Crowdsourcing
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has also been demonstrated to be a powerful resource in diagnostic challenges
involving high volume data processing, with crowdworkers successfully able to
identify colonic polyps [39] and red blood cells infected with malaria [40].
Crowdsourcing has even been used to generate epidemiologic symptom maps for
the flu, which have corresponded well to the Centers for Disease Control and
Prevention data [41].

Within the realm of clinical medicine, there has been significant interest in
crowdsourcing technology in the diagnosis and discrimination of disease processes.
In urology, large-scale evaluation has been used to help validate confocal laser
endomicroscopy as a potential technology for the diagnosis of urothelial carcinoma,
with crowdworkers able to correctly diagnose urothelial carcinoma of the bladder
92% of the time [42]. Within the field of ophthalmology, crowdworkers have been
used to identify abnormal fundi among diabetic patients and glaucomatous optic
disks, though sensitivity was high for both tasks, ranging from 83 to 100%, specific-
ity remained limited at 31-71% [43, 44]. Additional refinement of crowdsourcing
for clinical diagnosis applications is clearly warranted, but this technology carries
enormous potential in the future of clinical medicine.

Recent research in medical education has also explored the potential of collec-
tive crowd wisdom to teach future generations of medical providers. A crowd-based
approach has been used to generate curricular content for trainees at both the pre-
medical and graduate medical education levels with initial success [45, 46].
However, one of the most promising applications of crowdsourcing technology lies
in optimizing technical skills development for surgical trainees, which has been
demonstrated to be an area in particular need of innovation and adaptation for the
current training environment.

Crowdsourcing and Surgical Evaluation

One of the primary challenges in the current paradigm of surgical training is in pro-
viding, individualized, timely, and cost-efficient, feedback to trainees regarding
their technical skills. Moreover, the widespread trend toward simulation in surgical
education further generates a need for objective, formative feedback on a large scale
[1]. Indeed, simulation without feedback has been demonstrated to result in more
errors among trainees [14], suggesting that feedback is a critical part of simulation-
based learning. Given these demands, reliance on surgeon feedback alone becomes
difficult to sustain. The application of crowdsourcing to surgical skills evaluation
addresses these issues of efficiency, cost, and scalability.

In 2014, Chen and colleagues performed an initial study demonstrating the added
value of crowdsourced evaluation, which has provided a methodology upon which
most subsequent research on large-scale technical skills evaluation has been based.
Three groups were recruited to evaluate recorded robotic knot tying performance:
409 Amazon.com Mechanical Turk users, 67 Facebook users, and 9 faculty sur-
geons. Subjects first answered a qualification question by rating side-by-side videos
of Fundamentals of Laparoscopic Surgery peg transfer task performed by
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high-skilled and intermediate-skilled surgeons. Then, they were asked to rate a vid-
eotaped robotic suturing task on three GEARS domains. Embedded within this task
was an attention question. Ratings from the expert surgeons served as a “gold stan-
dard” for the true quality of the task performance. Mean scores among the groups
were markedly similar; the mean surgeon rating was 12.22 (95% CI 11.11-13.11)
as compared to 12.21 (95% CI 11.98-12.43) and 12.06 (95% CI 11.57-12.55) for
Amazon Mechanical Turk workers and Facebook users, respectively. Notably,
responses were obtained from all Amazon Mechanical Turk users within just 5 days,
as compared to 25 days for Facebook users and 24 days for the faculty surgeons.
Moreover, more complex feedback from the crowdworkers appeared to correlate
with the expert ratings, suggesting that it might also be possible to identify higher-
quality responses to optimize this form of feedback [47]. This study was the first to
suggest that inexperienced crowdworkers could evaluate surgical simulation task
performance in a manner consistent to expert surgeons and in a markedly more
expeditious fashion.

One of the most important aspects of crowd-based feedback is its apparent equiv-
alency to feedback provided by surgical experts for specific technical tasks.
Published studies in the literature using well-established objective scoring systems
have demonstrated good correlation between crowdsourced ratings and expert sur-
geon ratings for technical tasks across a wide range of specialties (Table 6.3).
Several studies have demonstrated a strong linear relationship between the two
groups, with Pearson’s coefficients ranging from 0.74 to 0.89 [48-54] and r* values
for such correlations ranging between 0.70 and 0.93 [27, 49, 55]. Others have quan-
tified this relationship by comparing mean composite rating scores between crowd-
workers and surgical experts using Cronbach’s a scores, with scores greater than 0.9
indicating “excellent agreement,” 0.9-0.7 indicating “good agreement,” and scores
below 0.5 indicating “poor and unacceptable” levels of agreement. Multiple studies
using this analysis have demonstrated Cronbach’s a from 0.79 to 0.92 across a wide
range of tasks, including robotic and laparoscopic pegboard transfer and suturing,
as well as a simulated cricothyroidotomy exercise [49, 50, 56].

It is notable that in one study examining medical student performance on a vari-
ety of surgical skills tasks, poor correlation has been described. Twenty-five medi-
cal students performed four simulation-based tasks for open knot tying, robotic
suturing, laparoscopic peg transfer, and a fulguration skills tasks on the LAP Mentor
©, acommercially available virtual reality laparoscopic simulator. For the first three
tasks, videos were assessed both by faculty experts and crowds using the C-SATS
platform employing OSATS, GEARS, and GOALS, respectively. For the fulgura-
tion task, candidates were evaluated using a proprietary ranking score generated by
the LAP Mentor ©, in lieu of expert evaluation. There was fair agreement of crowd
assessments for the knot tying task (Cronbach’s a = 0.62), good agreement for the
robotic suturing task (Cronbach’s a = 0.86), and excellent agreement for the laparo-
scopic peg transfer (Cronbach’s a = 0.92). However, the proprietary assessments
generated by the LAP Mentor © had poor agreement with crowd assessments with
Cronbach’s a of 0.32 [56]. Given the consistent agreement between crowds and
experts for the other simulation tasks, the authors attributed such poor correlation to
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the different criteria used by crowdworkers and the simulation software to generate
their respective assessments. Given the existing literature regarding crowd-based
feedback, this suggests that perhaps this form of surgical evaluation may actually be
superior to current artificial intelligence-based models, in that it more closely
approximates the assessments of expert human surgeons.

Large-scale evaluation using crowdworkers has also been shown to be economi-
cally efficient. Across multiple published studies, crowdworkers such as Amazon
Mechanical Turks are compensated small monetary sums ranging from $0.50 to
$1.00 per task [27, 47, 49, 50, 55]. For crowdworkers, the amount of remuneration
has been linked to the rapidity of feedback, which may provide further opportunities
to improve the efficiency of this method of technical assessment [47]. In contrast,
the cost for an expert surgeon assessment of a 5—10-min video is estimated to range
from $54 to $108 or about $10 per minute, assuming an annual surgeon salary of
$340,000 per year and a 2000-h work year [50]. Aggregate calculations based on the
available data in the literature estimate that the cost of feedback provided by sur-
geons ranges from 1.15 to 8.38 times more expensive than that provided by crowds
for the same task [57]. Thus, crowd-based evaluation of surgical task performance
videos is consistently more cost-effective, particularly when scaled to multiple vid-
eos for an entire group of residents.

A 2016 systematic review highlighted that crowdworkers consistently completed
evaluation tasks significantly faster than experts, ranging from 9 to 144 times faster
[57]. In the current published literature, the time required for crowdworkers to
return feedback for a specific task ranges from 5 days to as little as 2 h and 50 min,
with variation depending on the length of task video and complexity of the task. In
contrast, the time for expert surgeons to return feedback for the same tasks ranges
from 26 h to 60 days [27, 47, 49, 51, 52, 54-56].

Though the value of crowd-based evaluation in dry lab simulation settings has
been repeatedly validated, the impact of crowdsourced feedback on live intraopera-
tive performance has been less extensively studied. Systematic reviews investigat-
ing skills transfer for laparoscopic and endoscopic simulation tasks suggest that
such training improves operative performance [58], but there has been limited data
on skills transfer from robotic simulation tasks [59]. Unlike simulation tasks, intra-
operative performance is not limited to a single skill or task segment, with success-
ful performance requiring nuanced surgical judgment in addition to basic technical
fluency. Thus, equivalency between crowd-based evaluation and expert evaluation
for the performance of a narrow scope of simulation tasks may not be maintained
for more complex operative procedures performed in real time.

To address this issue, several groups have investigated the use of crowd-based
feedback in the assessment of live operative video. Powers and colleagues gener-
ated 14 10-min video clips of renal hilar dissection performed at varying skill levels
by 5 postgraduate year 3 or 4 urology residents and surgical attendings. Using the
validated GEARS tool plus a novel renal artery dissection question, the videos were
assessed by Amazon Mechanical Turk workers and urologic surgeons with exper-
tise in robotic-assisted laparoscopic surgery and robotic partial nephrectomy.
Complete ratings were returned by 14 expert surgeons in 13 days, as compared to
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11 h and 33 min for the crowdworkers. Interestingly, the internal consistency of
videos rated by experts was low, with an intra-class correlation coefficient of 0.38;
this variability again highlights one of the limitations of our current system of feed-
back for surgical trainees. There was consistent correlation between the expert and
crowdsourced ratings of video in aggregate (R = 0.82, p < 0.001), when separated
by surgeon level (R = 0.84, p < 0.001), and for task-specific assessment (R = 0.83,
p <0.001). Though there were several limitations to this study, it suggests that large-
scale evaluation may indeed be generalizable beyond dry lab simulation tasks to live
human surgical procedures [51].

The increasing body of literature on the efficiency, cost-effectiveness, and
parity of large-scale feedback to expert feedback for a wide range of technical
tasks and surgical procedures has garnered the interest of the entrepreneurial
world. Emerging companies such as C-SATS, Inc. (Seattle, WA) have capitalized
on crowd-based wisdom to provide online platforms for surgical skills evalua-
tion. Such technology is becoming increasingly utilized for a multitude of surgi-
cal procedures across the fields of gynecology, urology, general surgery,
orthopedics, and reconstructive and plastic surgery. The promise of such large-
scale evaluation is also beginning to become recognized by educational leaders
across surgical subspecialties, such that it is starting to be explored in the devel-
opment of nationally standardized technical skills curricula as a means of vali-
dating new educational material [60]. Though several barriers remain to the
widespread adoption of crowdsourcing for technical skills evaluation, including
surgeon “buy-in,” requirement for intraoperative video capabilities, and a need
for a cultural shift in residency education [61], the current body of literature sug-
gests that it carries great potential for rapid and widespread use across surgical
training programs.

Models for the Integration of Crowd-Based Evaluation
in Surgical Skills Education

The early application of crowdsourced technology to surgical skills development
has largely utilized Amazon Mechanical Turk workers and examined surgical task
performance videos in a dry lab simulation setting using a variety of predefined
laparoscopic, robotic, and procedural tasks, including laparoscopic and robotic peg
transfer, suturing, and intracorporeal knot tying [27, 47, 50, 52, 54]. In the simula-
tion setting, the primary value of large-scale feedback lies in its objective, prompt,
and cost-effective assessment of trainees’ technical skills. Crowdsourcing has been
proposed as a mechanism to allow training programs to more efficiently identify
those trainees who lag behind in basic technical skills early in their training and
provide a consistent means of feedback to facilitate rapid remediation [27]. For
other trainees, feedback from crowds may facilitate the acquisition and mastery of
basic technical skills by providing the necessary feedback critical to successful
motor learning and deliberate practice [12, 13].
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One of the limitations of the feedback provided by crowdworkers is that it is
largely reflective rather than formative. Most of the published studies on crowd-
sourced feedback for technical skills asked crowds to evaluate the performance of a
specific task using an objective numeric scoring system, rather than to provide a
subjective critique. In contrast, subjective feedback from expert surgeons might be
not only reflective but also corrective, thereby facilitating refinement in surgical
technique. Even in studies where subjective feedback was solicited from crowd-
workers, the potential utilization of such comments to generate subtle improve-
ments in technique was not specifically examined [47, 54]. It is notable, however,
that subjective evaluation of expert and crowd comments regarding the same task
performance reveal that the two encompass similar content, suggesting that perhaps
either form of feedback might be of similar value to the trainee [54]. Moreover,
there is evidence to suggest that specific and individualized feedback may not be as
critical for adequate technical skills development as previously believed, particu-
larly among novice learners [62].

Though most of the literature on crowdsourced feedback focuses on refining the
technical skills of surgical trainees, emerging work has suggested that this technol-
ogy might be further applied to refine the skills of those already considered to be
“expert surgeons.” Even attending surgeons and surgeons in practice are not imper-
vious to error. Indeed in a study of national malpractice claims, 58% of technical
errors resulting in patient harm involved a surgeon practicing within his or her own
specialty but lacking in technical expertise [6]. Moreover, whether it is to maintain
a pre-existing skill set or to become proficient with new surgical technology, even
experienced surgeons will need to develop and hone their surgical skills throughout
the course of their careers.

Ghani and colleagues studied the use of crowd-based evaluation through the lens
of quality improvement in a population of practicing urologists through the Michigan
Urological Surgery Improvement Collaborative (MUSIC). Overall, 76 video clips
of technically challenging portions of nerve-sparing robotic-assisted laparoscopic
prostatectomy from 12 surgeons within the consortium were selected for evaluation
by at least 4 surgical experts and at least 30-55 Amazon Mechanical Turk workers
per clip using the GEARS assessment and the Robotic Anastomosis and Competency
Evaluation (RACE) for urethrovesical anastomosis video segments. Both GEARS
and RACE scores between the two groups were strongly and significantly correlated
(Pearson’s correlation = 0.78 and 0.74, respectively; p < 0.001). There was signifi-
cantly greater intra-peer variability in ratings from expert surgeons (p < 0.001).
Expert peer reviewers took 15 days to return both global skills and anastomosis
ratings, whereas crowdworkers returned global ratings on average in 21 h and anas-
tomosis ratings in 38 h. Moreover, both the crowdworkers and experts were able to
identify the bottom five surgeons ranked by technical skill for this procedure [53].
The use of crowdsourced feedback may therefore be valuable for experienced sur-
geons as well, as it may provide a model for continued surgical skills refinement,
facilitate future peer evaluation of currently practicing surgeons, and lend itself to
quality improvement initiatives in practice.
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Future Applications of Crowd-Based Evaluation

Crowdsourced technology can identify those trainees requiring additional surgical
skills improvement and might also provide the potential to prospectively identify
those trainees who may be surgically precocious. Indeed, there is evidence to sug-
gest that in addition to deliberate practice, individual factors and ability play a sig-
nificant role in the acquisition of expertise, particularly in situations where the tasks
are unfamiliar or particularly complex [63]. In the surgical arena, where even com-
monly performed procedures remain unique, challenging, and complex due to indi-
vidual patient factors, anatomy, and clinical context, trainees with innate ability
might therefore be more apt to efficiently develop expertise.

This is particularly germane in the context of residency trainee selection, as prior
research has demonstrated that completing a surgical residency program alone does
not ensure competence. One longitudinal study suggested that about 5-10% of
trainees in a 5-year surgical training program did not reach technical proficiency by
the completion of their residency program [64]. Another survey of North American
fellowship directors revealed that 21% of fellows were deemed unprepared for the
operating room, with 66% unable to operate independently for more than 30 con-
secutive minutes [65]. In this setting, identifying those future trainees with the
strongest potential for technical aptitude is critical, given the large time and finan-
cial investments in the surgical training of residents. Despite a large body of work
investigating the predictive value of personal questionnaires and tests of innate apti-
tude, manual dexterity, visual-spatial ability, and basic performance resource tests,
no single test or combination of tests has yet been identified to reliably and accu-
rately predict technical aptitude [66].

Among surgical residency program directors, there has been growing interest in
including technical skills as a factor when considering applications from future sur-
gery trainee [66]. Long-term correlation between pretraining skills assessments and
the final performance of these applicants within their respective training programs
remains to be elucidated, though there is evidence from the otolaryngology field to
suggest that such a relationship may indeed exist [67]. Crowd-based feedback on
directly observed technical tasks might provide a means to efficiently accomplish
this assessment during the residency recruitment process. Such application of
crowdsourcing technology would potentially have significant implications on the
identification and selection of future cohorts of surgeons particularly suited to high-
risk or complex surgery.

In 2016, Vernez and colleagues at the University of California, Irvine, explored
this idea by applying crowdsourcing technology to a group of 25 medical students
applying into a urologic residency program. Applicants were asked to perform a
series of surgical simulation tasks and were then ranked in order of desired match
by both expert surgeons and crowds based on task performance scores alone.
Interestingly, the final submitted residency match rank list had poor concordance
with both match lists generated solely on crowd scores and on expert scores
(Cronbach’s a = 0.46 and 0.48, respectively). However, among those ranked in the
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bottom five on the match rank list, three of the five were identified by crowds, and
two of the five were identified by faculty to be among the bottom five performers in
these simulation tasks [56]. These findings suggest that technical performance alone
is not the primary predictor of success within surgical training. Indeed, there are
multiple other intangible factors assessed during an interview, such as tenacity, flex-
ibility, creativity, discipline, and emotional intelligence, which contribute to success
in residency training. However, this study further suggests that crowd-based skills
assessment may be particularly useful to identify those who are weak in surgical
skills and provides a framework by which crowdsourced evaluation could be used
to incorporate technical skills assessments into the complex process of resident
recruitment.

Though a critical component of surgical competency, excellent technical skill
alone clearly does not define excellent surgical care. This also involves complex
preoperative and intraoperative decision-making, surgical knowledge, and interper-
sonal patient care skills. These are more challenging to develop but are equally
essential parts of a comprehensive surgical education. With the recent adoption of
milestone-based competency for surgical training, there is increased focus on help-
ing trainees achieve competency in not only technical performance but also in the
realms of professionalism and communication, which are more difficult to objec-
tively measure. Surgical curricula directed toward these proficiencies have histori-
cally been evaluated using standardized patient interactions and the Objective
Structured Clinical Examination [68, 69]. However, such evaluative measures carry
the same challenges of cost, time investment, and subjectivity inherent to surgical
skills feedback. To date, large-scale evaluation of such competencies has not yet
been explored, but integration with these existing assessment tools might be a novel
application of this technology. The use of crowdsourcing to enhance such nontech-
nical aspects of surgical education remains a potential area of new research.

Conclusions

The use of crowd-based evaluation in the realm of surgical education remains
relatively novel, but the present literature has demonstrated that this technology
may address a significant challenge in the current paradigm of surgical educa-
tion. The consistency, economics, and rapidity of crowd-based feedback may be
one means by which the attainment of technical proficiency among surgical
trainees can be facilitated in the face of current work-hour limitations, adminis-
trative burdens, and inconsistent feedback mechanisms that constrain residency
training programs across multiple surgical specialties. As new surgical technolo-
gies and techniques continue to develop, crowdsourcing may also prove to be an
integral part of continuing medical education and skills development for those
surgeons already in practice. Moreover, given the initial promise of this technol-
ogy within the realm of technical skills development, crowd-based evaluation
may soon become even more broadly used to help trainees develop nontechnical
skills, validate national surgical curricula, and inform the selection of future
surgical trainees.
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Additional research is warranted to more directly define the relationship
between crowdsourced evaluation and surgical development among trainees.
Particularly in the areas of live operative feedback, individualized formative
feedback, and assessment of nontechnical competencies, the role of large-scale
evaluation platforms is yet to be explored. The efficacy of this technology as part
of a formalized surgical skills curriculum remains to be fully assessed. However,
given the initial promise of crowdsourcing as an emerging technology in surgical
education, this has already begun to be introduced into surgical training curricula
across a few institutions. As the value of large-scale feedback becomes further
established, this platform is poised to become more widely adopted across surgi-
cal training programs and practices and has the potential to become an integral
component of our model of surgical skills development in the future.

References

10.

11.

12.

13.

14.

15.

. Reznick RK, MacRae H. Teaching surgical skills — changes in the wind. N Engl J Med.

2006;355(25):2664-9.

. Polavarapu HV, Kulaylat AN, Sun SHO. 100 years of surgical education: the past, present, and

future. Bull Am Coll Surg. 2013;98(7):22-7.

. Kohn LT, Corrigan JM, Donaldson MS. To err is human: building a safer health system.

Washington, D.C.: National Academy Press; 2000. 360 p.

. Altman DE, Clancy C, Blendon RJ. Improving patient safety — five years after the IOM

report. N Engl J Med. 2004;351(20):2041-3.

. Leape LL, Berwick DM. Five years after to err is human what have we learned? JAMA.

2005;293(19):2384-90.

. Rogers SO Jr, Gawande AA, Kwaan M, Puopolo AL, Yoon C, Brennan TA, et al. Analysis

of surgical errors in closed malpractice claims at 4 liability insurers. Surgery. 2006;140(1):
25-33.

. Birkmeyer JD, Finks JF, O’Reilly A, Oerline M, Carlin AM, Nunn AR, et al. Surgical skill and

complication rates after bariatric surgery. N Engl J Med. 2013;369(15):1434-42.

. Bridges M, Diamond DL. The financial impact of teaching surgical residents in the operating

room. Am J Surg. 1999;177(1):28-32.

. Babineau TJ, Becker J, Gibbons G, Sentovich S, Hess D, Robertson S, et al. The “cost” of

operative training for surgical residents. Arch Surg. 2004;139(4):366-70.

Papandria D, Rhee D, Ortega G, Zhang Y, Gorgy A, Makary MA, et al. Assessing trainee
impact on operative time for common general surgical procedures in ACS-NSQIP. J Surg
Educ. 2012;69(2):149-55.

Macario A. What does one minute of operating room time cost? J Clin Anesth. 2010;22(4):
233-6.

Fitts PM, Posner MI. Human performance. Belmont: Brooks/Cole; 1967. p. 469-98.

Ericsson KAK, Krampe RRT, Tesch-Romer C, Ashworth C, Carey G, Grassia J, et al.
The role of deliberate practice in the Acquisition of Expert Performance. Psychol Rev.
1993;100(3):363—406.

Boyle E, Al-Akash M, Gallagher AG, Traynor O, Hill ADNP. Optimising surgical train-
ing: use of feedback to reduce errors during a simulated surgical procedure. Postgr Med J.
2011:87(1030):524-8.

Bosse HM, Mohr J, Buss B, Krautter M, Weyrich P, Herzog W, et al. The benefit of repetitive
skills training and frequency of expert feedback in the early acquisition of procedural skills.
BMC Med Educ [Internet]. 2015;15(1):22. Available from: http://www.pubmedcentral.nih.
gov/articlerender.fcgi?artid=4339240&tool=pmcentrez&rendertype=abstract.


http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4339240&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4339240&tool=pmcentrez&rendertype=abstract

Crowdsourcing and Large-Scale Evaluation 115

16.

17.
18.

19.
. Williams RG, Klamen DA, McGaghie WC. Cognitive, social and environmental sources of

20

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Stefanidis D, Korndorffer JJ, Heniford B, Scott D. Limited feedback and video tutorials
optimize learning and resource utilization during laparoscopic simulator training. Surgery.
2007;142(2):202-6.

Perone J, Fankhauser G, Adhikari D, Mehta H, Woods M, Strohmeyer J, et al. Who did the
case? Perceptions on resident operative participation. Am J Surg. 2017;213(4):821-6.
Morgan R, Kauffman DF, Doherty G, Sachs T. Resident and attending perceptions of resident
involvement: an analysis of ACGME reporting guidelines. J Surg Educ. 2016;74(3):415-22.
Reznick RK. Teaching and testing technical skills. Am J Surg. 1993;165(3):358-61.

bias in clinical performance ratings. Teach Learn Med. 2003;15(4):270-92.

Gundle K, Mickelson D, Hanel D. Reflections in a time of transition: orthopaedic faculty and
resident understanding of accreditation schemes and opinions on surgical skills feedback. Med
Educ Online. 2016;21(1):30584.

Martin JA, Regehr G, Reznick R, Macrae H, Murnaghan J, Hutchison C, et al. Objective struc-
tured assessment of technical skill (OSATS) for surgical residents. BrJ Surg. 1997;84(2):273-8.
Vassiliou MC, Feldman LS, Andrew CG, Bergman S, Leffondré K, Stanbridge D, et al. A
global assessment tool for evaluation of intraoperative laparoscopic skills. Am J Surg.
2005;190(1):107-13.

Goh AC, Goldfarb DW, Sander JC, Miles BJ, Dunkin BJ. Global evaluative assessment of
robotic skills: validation of a clinical assessment tool to measure robotic surgical skills. J Urol.
2012;187(1):247-52.

Hogg M, Zenati M, Novak S, Chen Y, Jun Y, Steve J, et al. Grading of surgeon technical per-
formance predicts postoperative pancreatic fistula for Pancreaticoduodenectomy independent
of patient-related variables. Ann Surg. 2016;264(3):482-91.

Shah J, Darzi A. Surgical skills assessment: an ongoing debate. BJU Int. 2001;88(7):655-60.
Holst D, Kowalewski TM, White LW, Brand TC, Harper JD, Sorensen MD, et al. Crowd-
sourced assessment of technical skills: differentiating animate surgical skill through the wis-
dom of crowds. J Endourol. 2015;29(10):1183-8. 150413093359007

Stefanidis D, Arora S, Parrack DM, Hamad GG, Capella J, Grantcharov T, et al. Research
priorities in surgical simulation for the 21st century. Am J Surg. 2012;203(1):49-53.
Greenberg CC, Ghousseini HN, Pavuluri Quamme SR, Beasley HL, Wiegmann
DA. Surgical coaching for individual performance improvement. Ann Surg [Internet].
2015;261(1). Available from: http://journals.lIww.com/annalsofsurgery/Fulltext/2015/01000/
Surgical_Coaching_for_Individual_Performance.8.aspx.

Greenberg C, Dombrowski J, Dimick J. Video-based surgical coaching: an emerging approach
to performance improvement. JAMA Surg [Internet]. 2016;151(3):282-3. Available from:
https://doi.org/10.1001/jamasurg.2015.4442.

Howe J. The rise of crowdsourcing. Wired Mag [Internet]. 2006;14(6):1-5. Available from:
http://www.clickadvisor.com/downloads/Howe_The_Rise_of Crowdsourcing.pdf.
Garrigos-Simon FJ, Gil-Pechudn I, Estelles-Miguel S. Advances in crowdsourcing. Cham:
Springer; 2015. p. 1-183.

Brabham DC. Crowdsourcing as a model for problem solving: an introduction and cases.
Converg Int J Res into New Media Technol. 2008;14(1):75-90.

Lévy P. Collective intelligence: Mankind’s emerging world in cyberspace [internet].
Challenges. 1997:277 p. Available from: http://portal.acm.org/citation.cfm?id=550283
Ipeirotis P. Demographics of mechanical turk. Working Paper CeDER-10-01. 2010. http://hdl.
handle.net/2451/29585

Ranard BL, Ha YP, Meisel ZF, Asch DA, Hill SS, Becker LB, et al. Crowdsourcing — har-
nessing the masses to advance health and medicine, a systematic review. J Gen Intern Med.
2014;29:187-203.

Cooper S, Khatib F, Treuille A, Barbero J, Lee J, Beenen M, et al. Predicting protein structures
with a multiplayer online game. Nature. 2010;466:756-60.

Kawrykow A, Roumanis G, Kam A, Kwak D, Leung C, Wu C, et al. Phylo: a citizen science
approach for improving multiple sequence alignment. PLoS One. 2012;7(3):e31362.


http://journals.lww.com/annalsofsurgery/Fulltext/2015/01000/Surgical_Coaching_for_Individual_Performance.8.aspx
http://journals.lww.com/annalsofsurgery/Fulltext/2015/01000/Surgical_Coaching_for_Individual_Performance.8.aspx
https://doi.org/10.1001/jamasurg.2015.4442
http://www.clickadvisor.com/downloads/Howe_The_Rise_of_Crowdsourcing.pdf
http://portal.acm.org/citation.cfm?id=550283
http://hdl.handle.net/2451/29585
http://hdl.handle.net/2451/29585

116 J.C. Dai and M.D. Sorensen

39. Nguyen TB, Wang S, Anugu V, Rose N, McKenna M, Petrick N, et al. Distributed human
intelligence for colonic polyp classification in computer-aided detection for CT colonography.
Radiology. 2012;262(3):824-33.

40. Mavandadi S, Dimitrov S, Feng S, Yu F, Sikora U, Yaglidere O, et al. Distributed medical
image analysis and diagnosis through crowd-sourced games: a malaria case study. PLoS One.
2012;7(5):e37245.

41. Freifeld CC, Chunara R, Mekaru SR, Chan EH, Kass-Hout T, Iacucci AA, et al. Participatory
epidemiology: use of mobile phones for community-based health reporting. PLoS Med.
2010;7(12):e1000376.

42. Chen SP, Kirsch S, Zlatev DV, Chang TC, Comstock B, Lendvay TS, et al. Optical biopsy of
bladder cancer using crowd-sourced assessment. JAMA Surg. 2016;151(1):90-2.

43. Brady CJ, Villanti AC, Pearson JL, Kirchner TR, Gupta OP, Shah CP. Rapid grading of
fundus photographs for diabetic retinopathy using crowdsourcing. J Med Internet Res.
2014;16(10):e233.

44. Mitry D, Peto T, Hayat S, Blows P, Morgan J, Khaw KT, et al. Crowdsourcing as a screening
tool to detect clinical features of glaucomatous optic neuropathy from digital photography.
PLoS One. 2015;10(2):e0117401.

45. Bow HC, Dattilo JR, Jonas AM, Lehmann CU. A crowdsourcing model for creating preclinical
medical education study tools. Acad Med. 2013;88(6):766-70.

46. Blackwell KA, Travis MJ, Arbuckle MR, Ross DA. Crowdsourcing medical education. Med
Educ. 2016;50(5):576.

47. Chen C, White L, Kowalewski T, Aggarwal R, Lintott C, Comstock B, et al. Crowd-sourced
assessment of technical skills: a novel method to evaluate surgical performance. J Surg Res.
2014;187(1):65-71.

48. Malpani A, Vedula SS, Chen CCG, Hager GD. A study of crowdsourced segment-level
surgical skill assessment using pairwise rankings. Int J Comput Assist Radiol Surg.
2015;10(9):1435-47.

49. Aghdasi N, Bly R, White LW, Hannaford B, Moe K, Lendvay TS. Crowd-sourced assessment
of surgical skills in cricothyrotomy procedure. J Surg Res. 2015;196(2):302-6.

50. White LW, Kowalewski TM, Dockter RL, Comstock B, Hannaford B, Lendvay TS. Crowd-
sourced assessment of technical skill: a valid method for discriminating basic robotic surgery
skills. J Endourol. 2015;29(11):1295-301.

51. Powers MK, Boonjindasup A, Pinsky M, Dorsey P, Maddox M, Su L-M, et al. Crowdsourcing
assessment of surgeon dissection of renal artery and vein during robotic partial nephrec-
tomy: a novel approach for quantitative assessment of surgical performance. J Endourol.
2016;30(4):447-52.

52. Polin MR, Siddiqui NY, Comstock BA, Hesham H, Brown C, Lendvay TS, et al.
Crowdsourcing: a valid alternative to expert evaluation of robotic surgery skills. Am J Obstet
Gynecol. 2016;215:644.e1-7.

53. Ghani KR, Miller DC, Linsell S, Brachulis A, Lane B, Sarle R, et al. Measuring to improve:
peer and crowd-sourced assessments of technical skill with robot-assisted radical prostatec-
tomy. Am J Obstet Gynecol. 2016;69:547-50.

54. Deal SB, Lendvay TS, Haque MI, Brand T, Comstock B, Warren J, et al. Crowd-sourced
assessment of technical skills: an opportunity for improvement in the assessment of laparo-
scopic surgical skills. Am J Surg. 2016;211(2):398—404.

55. Holst D, Kowalewski TM, White LW, Brand TC, Harper JD, Sorenson MD, et al. Crowd-
sourced assessment of technical skills: an adjunct to urology resident surgical simulation train-
ing. J Endourol. 2015;29(5):604-9.

56. Vernez SL, Huynh V, Osann K, Okhunov Z, Landman J, Clayman R V. C-SATS: assessing
surgical skills among urology residency applicants. J Endourol. 2016;31(S1):S-95-S-100. doi:
https://doi.org/10.1089/end.2016.0569.

57. Katz Al. The role of crowdsourcing in assessing surgical skills. Surg Laparosc Endosc
Percutan Tech. 2016;26(4):271-7.


https://doi.org/10.1089/end.2016.0569

Crowdsourcing and Large-Scale Evaluation 117

58.

59.

60.

61.

62.

63.

64.
65.

66.

67.

68.

69.

Sturm LP, Windsor JA, Cosman PH, Cregan PC, Hewett PJ, Maddern GJ. A systematic review
of surgical skills transfer after simulation-based training. Ann Surg. 2008;248(2):166-79.
Moglia A, Ferrari V, Morelli L, Ferrari M, Mosca F, Cuschieri A. A systematic review of vir-
tual reality simulators for robot-assisted surgery. Eur Urol. 2016;69(2):1065-80.

Lee JY, Andonian S, Pace KT, Grober E. Basic laparoscopic skills assessment study — valida-
tion and standard setting among Canadian urology trainees. Eur Urol. 2017;197(6):1539—44.
Lendvay TS, White L, Kowalewski T. Crowdsourcing to assess surgical skill. JAMA Surg.
2015;150(11):1086-7.

Phillips A, Matthan J, Bookless L, Whitehead I, Madhavan A, Rodham P, et al. Individualised
expert feedback is not essential for improving basic clinical skills performance in novice learn-
ers: a randomized trial. J Surg Educ. 2017;74(4):612-20.

Kulasegaram KM, Grierson LEM, Norman GR. The roles of deliberate practice and innate abil-
ity in developing expertise: evidence and implications. Med Educ [Internet]. 2013;47(10):979—
89. Available from: https://doi.org/10.1111/medu.12260.

Cuschieri A. Lest we forget the surgeon. Semin Laparosc Surg. 2003;10(3):141-8.

Mattar SG, Alseidi AA, Jones DB, Jeyarajah DR, Swanstrom LL, Aye RW, et al. General sur-
gery residency inadequately prepares trainees for fellowship: results of a survey of fellowship
program directors. Ann Surg [Internet]. 2013;258(3):440-9. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/24022436.

Louridas M, Szasz P, de Montbrun S, Harris KA, Grantcharov TP. Original reports: optimiz-
ing the selection of general surgery residents: a national consensus. J Surg Educ [Internet].
2017; Available from: http://10.0.3.248/j.jsurg.2016.06.015%5Cnbhttps://ezp.lib.unimelb.edu.
au/login?url=https://search.ebscohost.com/login.aspx ?direct=true&db=edselp& AN=S193172
0416300915&site=eds-live&scope=site.

Moore EJ, Price DL, Van Abel KM, Carlson ML. Still under the microscope: can a surgical apti-
tude test predict otolaryngology resident performance? Laryngoscope. 2015;125(2):E57-61.
Iramaneerat C. Instruction and assessment of professionalism for surgery residents. J Surg
Educ. 2009;66(3):158-62.

Hochberg MS, Kalet A, Zabar S, Kachur E, Gillespie C, Berman RS. Can professionalism be
taught? Encouraging evidence. Am J Surg. 2010;199(1):86-93.


https://doi.org/10.1111/medu.12260
http://www.ncbi.nlm.nih.gov/pubmed/24022436
http://www.ncbi.nlm.nih.gov/pubmed/24022436
http://10.0.3.248/j.jsurg.2016.06.015/nhttps:/ezp.lib.unimelb.edu.au/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=edselp&AN=S1931720416300915&site=eds-live&scope=site
http://10.0.3.248/j.jsurg.2016.06.015/nhttps:/ezp.lib.unimelb.edu.au/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=edselp&AN=S1931720416300915&site=eds-live&scope=site
http://10.0.3.248/j.jsurg.2016.06.015/nhttps:/ezp.lib.unimelb.edu.au/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=edselp&AN=S1931720416300915&site=eds-live&scope=site

Teaching Residents to Teach:
Why and How

James Feimster, Alexandria D. McDow,
and John D. Mellinger

Teaching Residents to Teach: Why and How

The teaching role of a resident is a fundamental aspect of modern surgical train-
ing and education. Not only are surgical residents themselves training for a career
that requires a strong knowledge base and refined technical skills, but they also
play critical roles in educating more junior residents and medical students at their
institutions. In this chapter, we will outline why teaching residents to teach is
both challenging and essential to contemporary surgical education, review current
memory and learning science theory, and detail how residents can apply clinical
teaching models to enhance the surgical knowledge and skills of their students and
colleagues.

Importance of Residents as Teachers

Contemporary surgery has become a complex team-based exercise that involves
multidisciplinary workgroups in which residents and medical students are together
embedded. In the social context of such activities, studies have shown that residents
have a greater summative influence on not only the knowledge but also the attitudes
and behavioral standards adopted by medical students, given their intimate involve-
ment in the students’ learning environment [1, 2]. Medical students also rate the
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percentage of knowledge gained from residents as equal to or greater than that
gleaned from faculty, second only to what is gathered from their own independent
study efforts [1, 3-5].

Challenges Encountered in Preparing Residents to Teach

In order for surgical residents to teach junior house staff and medical students, the resi-
dent must first themselves develop the technical skills and clinical knowledge required
to perform operative tasks and manage complex patients. The increasing demands of
documentation and electronic health records, alongside the pressures of duty hour
reform, have created a challenging environment for such development. Recent studies
have shown that there is a gap between the amount of experience US general surgery
graduates receive while in residency and what is expected [6]. Bell et al. performed a
study which categorized operative procedures that graduating residents were expected
to be able to perform independently. This study identified a large variation of experience
between residents nationwide and many cases in which residents had limited or no expe-
rience yet were expected to achieve competence. Accordingly, many graduating resi-
dents do not feel confident to enter independent general surgery practice following
residency, and this may be a significant factor in motivating them to pursue further train-
ing in fellowship [7]. Finally, Pugh et al. reported that surgical faculty and residents have
significantly different perceptions of residents’ learning needs, especially as pertained to
learning goals and priorities in the operating room [8]. All these factors represent signifi-
cant challenges facing residents seeking to develop their own competence as a requisite
foundation for teaching and instructing junior residents and students.

There are many factors contributing to this decrease in experience and lack of
confidence in the current training paradigm. Kairys et al. evaluated operative experi-
ence among general surgery residents since the implementation of the 80-h work
duty restrictions [9]. They observed a decrease in total major cases, cases performed
as a chief resident, and, most significantly, cases logged as both first assistant and
teaching assistant. This decrease in teaching assistant cases and first assistant cases
represents a significant loss of educational opportunities, not only for the junior
resident but also for the chief resident practicing and refining his or her ability to
teach. Additionally, there has been a shift in the degree of autonomy allotted to a
resident in many programs due to the general public’s expectations and supervision
requirements. Whereas in the past, many programs offered a “chief-run” service in
which the chief resident performed cases not directly supervised by the attending
physician, this experience is now lacking in many programs. With increased super-
vision requirements and expectations, and decreased operative case volume, gradu-
ating residents may feel inadequately prepared to commence the independent
practice of general surgery, as well as to give their time and personal experience
opportunity to teach more junior learners.

Recognizing these challenges, there are conversely some very important reasons
why residents may be the most effective teachers for junior colleagues and students.
We will now turn to detailing some of these.
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Reasons Why Residents May Be Advantaged as Teachers

A number of theories have been put forth regarding why residents may have such a
strong influence on the education of more junior house staff and medical students.
These include theories related to skill development and deconstructive skill, peer
relationship and social theory, and time pressure considerations related to alterna-
tive teachers, notably surgical faculty.

Conscious vs. Unconscious Performance

One commonly held theory suggests that surgical residents, who themselves are still
in a training environment, require ongoing conscious thought to perform most of
their skills and daily activities. In contrast, attending surgeons, by virtue of their
larger volume of experience, have become less cognizant of the steps and process-
ing required in performing a particular skill. That is, in terms of the four stages of
competence described by Burch in the 1970s, the resident is still engaged in the
“consciously competent” phase of their own development, in which understanding
and decision making are detached, whereas many attendings function in the “uncon-
sciously competent” sphere in which responses are intuitive based on experience
[10, 11]. Accordingly, the resident’s proximity in relation to their student learner’s
zone of skill acquisition allows them to more readily deconstruct and verbalize to
junior learners the individual steps of a process, particularly with reference to per-
forming technical skills [5].

For example, a junior resident teaching a medical student how to tie square knots
would be more likely to go through each individual step, as the resident would still
themselves be progressing toward automaticity. Conversely, an attending surgeon
who has tied thousands of surgical knots in their career is more removed from such
sequencing and deconstructive analysis and may struggle more with teaching indi-
vidual steps and sequencing to a novice learner. While skilled teachers learn to
develop such deconstructive skills even after achieving personal mastery, resident
teachers typically have a shorter bridge to the level of the novice or junior learner
and cross that gap more instinctively.

“Near-Peer” Relationship

Another theory is based on the relative age difference between the learner and the
teacher. Surgical residents are closer in age and generational status to other resi-
dents and medical students than are the attending surgeons. Attending surgeons
typically come from the baby boomer era and Generation X, while most residents
come from the millennial generation. The relative closeness in age between a medi-
cal student and a resident allows for a “near-peer” relationship that enables under-
standing of generational norms and contributes to open conversations and questions
from the student [5, 12]. A question that a student might not feel comfortable asking
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an attending surgeon because it might seem unintelligent would be more easily
asked of a resident due to this near-peer relationship [3]. Being in generational prox-
imity may accordingly promote educational dialog for the resident educator and
serve as an advantage in comparison to a faculty teacher.

Faculty Time Pressure

Changes in modern healthcare including pressures for efficiency, cost control,
volume production, duty hour reform as referenced above, and quality have fos-
tered an environment in which attending surgeons manage their workflow priori-
ties in a fashion often counterproductive to the teaching of novice learners. Critics
state that with medical school budgets becoming tighter and more reliant on clini-
cal volume and related revenue, attending surgeons are obligated to spend more
time in patient care and less time in traditional and more pure or focused teaching
venues [5, 13]. These forces may cause attendings to spend more of their time in
direct clinical and administrative pursuits, limiting their availability and flexibil-
ity for teaching especially more junior learners and increasing the scenarios in
which residents are the sole or predominant remaining educators available for
medical students.

Summary

Recognizing that for all these reasons, residents may be better suited and/or avail-
able for student education, it is clear that resident teaching of students and more
junior house staff is a vital component of contemporary surgical education. Many
residents enjoy and embrace the opportunity of this teaching role and would like
to become better educators themselves during their training years [1]. Accordingly,
a number of surgical programs around the nation have developed, or begun to
develop, curricula that incorporate teaching skills into the fabric of residency
training. Morrison et al. have shown that a teaching skills curriculum improves
teaching effectiveness of residents when compared to residents with no teaching
guidance [5, 14].

Beyond the importance of residents in teaching junior learners, it is also recog-
nized that educational skill is fundamental to a resident’s long-term career activities
even in nonacademic settings. This is apparent when one considers the fundamental
role of a professional as an educator for those whom they serve as patients, col-
leagues, or clients. Given the strategic importance of educational development as
part of a resident’s training, the remainder of this chapter will focus on some of the
tools and strategies which can be used to equip resident teachers for these purposes.
Pertinent to this theme, we will review current cognitive science regarding learning
and retention and then review specific strategies which may be used in the clinical
setting to facilitate teaching effectiveness.
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How Residents Learn: An Update on Cognition Science

For residents to become excellent teachers, it is useful for them to understand the
current literature on cognition, as well as related theories on how people learn and
store information in memory. Numerous theories have been described. Until
recently, it has been assumed that learning is primarily facilitated from repetitive
exposure through studying and resulting encoding of information in memory [15].
However recent data has shown the benefit of test-enhanced learning in long-term
memory and retrieval.

Test-Enhanced Learning

Test-enhanced learning is a model that has been developed over the past decade; it
states that repeated retrieval of information through testing increases retention and
long-term memory [16]. Testing has long been thought to be a neutral event in the
process of memory and not a determinant of learning itself [15, 16]. Yet, recent stud-
ies have redefined how testing affects the process of long-term memory acquisition
and how it produces results superior to studying over the long term.

Karpicke and Roediger in 2008 performed a study evaluating college students
and their ability to remember word pairs from a foreign language and their native
tongue as a function of whether they studied and/or were tested in the interval from
initial learning to evaluation of performance on a final delayed test [15]. The first
group of students was allowed to study and engaged in interval testing (ST). The
second group was simply tested (SyT), but did not study. The third group was
allowed to study, but was not tested (STy). Finally, the fourth group was not allowed
to study or test once they had initially learned the word pairs (SxTy). The results
demonstrated that students who were tested only performed just as well as students
who both studied and tested and students who studied but did not undergo interval
testing performed almost as poorly as those who neither studied nor tested (ST 80%
on final test, S\T 80%, STy 36%, SxyTx 33%).

In other words, interval testing, and not the conventional studying, was the
important operative determinant of how well the students performed as reflected by
long-term recall. The process of repeated retrieval of the information (i.e., testing)
allowed the students to correctly recall approximately 80% of the foreign language
word pairs regardless of whether they studied or not, while the students who were
not repeatedly tested (even if engaged in study) recalled around 35%, similar to
those who engaged in neither studying nor testing in the interval from initial learn-
ing to final testing.

These results have been reproduced in numerous other studies. Larsen et al. in
2015 studied a group of neurologists that were participating in continuing medical
education (CME) courses. Groups were divided into no additional exposure after
the initial CME course, repeated study after the CME course, and repeated retrieval/
quizzing after the CME course. The results showed that neurologists that were
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repeatedly tested had a higher portion of correct answers on final delayed testing
(55%) when compared to both the no additional exposure (44%) and repeated study-
ing groups (46%), who performed similarly on the delayed recall examination [16].

Test-enhanced learning has lead surgical residency programs to introduce weekly
quizzes and mock exams. The Surgical Council on Resident Education (SCORE),
an almost universally used general surgery residency curriculum developed by mul-
tiple surgical societies under the auspices of the American Board of Surgery, has
incorporated weekly quizzes in its comprehensive curricular outline. The American
Board of Surgery In-Service Training Examination (ABSITE) is a yearly exam that
predicts resident performance on the ABS Qualifying Examination. In one study,
introduction of the test-enhanced learning model by incorporating regular quizzing
alongside other academic development strategies has been shown in the authors’
own residency program to increase ABSITE mean percentile scores by as much
as 34% [17].

Spacing

Not only does repeated testing and retrieval of information enhance long-term
memory, but the spacing between testing events has an effect as well. Many curri-
cula for incoming surgical interns and continuing medical education sessions offer
short demanding courses that typically last anywhere from 1 day to 1 week. This is
known as massed practice [18-21]. Afterward there is often no delayed follow-up
on knowledge or skill performance, and deterioration of retention and/or perfor-
mance over time is observed. Therefore spacing (also known as distributed prac-
tice) has become an important concept in terms of retrieval of information from
long-term memory [18].

One such study that shows the importance of spacing involved a surgical skills
laboratory and junior residents’ ability to perform a microvascular anastomosis on
anesthetized rats. Moulton et al. divided the residents into a massed group, which
received all four instructional sessions in a single day, and a spaced group, which
received the four sessions once per week over a period of 4 weeks. At the end of the
month, the two groups were tested on performance of a microvascular anastomosis.
The results showed that the spaced group completed the surgery in less time, with
fewer hand movements, and had 100% success at performing the anastomosis when
compared to the massed group. Additionally, the massed group had 16% of resi-
dents damage the anastomosis beyond repair [18].

Spacing has been shown to be superior to massed practice in promoting longer-
term retention and allows for easier transfer of surgical skills to real-life situations.
It is thought that spacing activates differing regions of the brain during the learning
session and between sessions. This activation allows for the consolidation and more
enduring retention of the learned material. Spacing also stimulates the learner to
mentally rehearse and prepare for key aspects of each session or segment of material
[18, 22-24].
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Interleaving

Another concept that has developed over the past decade is the concept of interleav-
ing. Interleaving is defined by the mixing of topics during learning sessions, instead
of a single topic in isolation being taught at each learning session [25, 26]. This can
be diagrammed by the interleaving group having one session consisting of topics
ABCD, another session BADC, etc. with each letter corresponding to a different
topic. The standard, traditional blocked learning would accordingly look like
AAAA, BBBB, CCCC, etc.

Studies have shown that the traditional blocked learning may provide superior
immediate retention of information, but in the acquisition of long-term memory,
interleaving is superior [25]. Rohrer and Taylor studied math students that were
placed in a blocked group or mixed group and evaluated their performance on sub-
sequent tests. The blocked group (traditional) performed well on the immediate
practice test, averaging 89%, with the mixed group behind at 60%. However, once
it came to the final retention test several weeks later, the mixed group averaged 63%,
much higher than the blocked group’s average of 20% [25].

It is thought that interleaving improves long-term memory by allowing the
learner to discriminate between different topics when asked about them in the
future. Blocked learners have difficulty discriminating between topics and are there-
fore unable to move on to the correct solution that may involve more complex or
varied tasks or combinations thereof [26, 27].

Feedback-Enhanced Testing

Test-enhanced learning has brought on the use of quizzing as a tool to enhance
learning and long-term memory. Question banks and practice tests that involve mul-
tiple choice questions are readily available to residents and cover many medical and
surgical topics. Although these quizzes have been shown to improve retrieval and
long-term memory, studies have shown that quizzes with multiple choice questions
can lead to negative effects with incorrect information. For example, a resident is
stumped on a multiple choice question and takes an educated guess. That guess
could be based off of false information, leading the learner to misinterpret key con-
cepts. This is why feedback is imperative with test-enhanced learning [28, 29].

Feedback allows students to correct mistakes and misinterpreted concepts and
then solidify correct concepts in their memory. Types of feedback include a simple
one-line response to the correct answer, detailed explanations of correct responses,
or study materials to help delineate the correct response [28]. Karpicke and Roediger
have shown that feedback during repeated testing enhances retrieval and long-term
memory by 25% or more when compared to no feedback [30].

Feedback is typically presented immediately after the test to ensure effective
retention. This can be done after each individual question or at the end of the quiz.
Recent literature has even shown that delayed feedback may have more benefit. It is
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thought that delayed feedback that is fully processed by the learner leads to better
retrieval because it leads to an additional spaced exposure to the material. One limi-
tation to delayed feedback, experts point out, is that students may not be motivated
to review feedback in the delayed setting, not guaranteeing full processing of the
feedback material [28].

Summary

Test-enhanced learning allows for greater retrieval of information and retention in
long-term memory than study alone. To maximize the effect of testing, the literature
supports five principles that should be followed [16]:

e Tests should be developed from the educational objectives in the program’s
curriculum.

e Questions should allow for the production of answers instead of simple recogni-
tion of answers.

e Tests should allow for repeated retrieval practice.

e Repeated tests should be spaced and interleaved to necessitate effortful retrieval
of information.

e Feedback should be given after each test.

Understanding these principles in regard to human learning and memory pro-
vides a critical foundation for exploring the specific strategies residents can employ
in the clinical setting to become more effective teachers.

Feedback in the Clinical Arena

Feedback is a critical component of all education, not only in the testing realm but
also in the clinical teaching and learning environment, and has a pronounced effect
on the success of surgical residents. Feedback incorporates an interaction between
the learner and teacher that provides accurate information on the learner’s perfor-
mance and behavior. This interaction is a learning opportunity to provide guidance
for future activities and performances [31, 32]. It is important for feedback to be a
two-way conversation that allows the learners to self-reflect and assess their perfor-
mance [33].

Residents have rated feedback as exceedingly important in their overall training.
In prior studies, the process of giving feedback has been rated second only to the
clinical competence of the attending surgeon in describing the characteristics of
effective clinical teaching [34]. Feedback, positive or constructive, gives residents a
learning opportunity to reinforce good skills and abandon mistakes or undesirable
habits. If feedback is not given at regular intervals, habits that are deemed desirable
might be abandoned, and conversely, undesirable habits retained [35].
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Many studies have shown the relative infrequency in which feedback is given in
medical education. Hewson et al. stated in a survey of residents that 8% were satis-
fied with the feedback they received. Approximately 80% of residents never or sel-
dom received corrective feedback from their attendings [33]. Studies in the operating
room have shown approximately 18% of residents reported attendings identifying
operative goals in the preoperative period. Additionally, only 37% of surgical
attendings discussed areas of improvement with the residents [36].

Barriers to Feedback

There appear to be several barriers to providing appropriate feedback. These barri-
ers can be broadly categorized into two groups: educator/teacher barriers and learner
barriers. Barriers that affect the educator/teacher include:

e Time constraints

e Lack of observation of the behavior or activity

e Desire to avoid upsetting the learner

» Feedback focus on person and personal qualities, rather than skill/task

With the contemporary time-intense focus on clinical responsibilities for teach-
ers, feedback for more junior residents is often left out or truncated. The teacher
needs to be present and observe the learner to accurately provide appropriate feed-
back. Additionally, constructive feedback might not be given due to the possibility
of creating an upsetting emotional response from the learner. Once the feedback is
given by the teacher, there is a dysfunctional tendency for the feedback to be
focused on the learner’s personal characteristics instead on the procedural skill
performed [32].

Barriers that affect the learner include insecurity, lack of growth mindset, and
insufficient foundational knowledge. Constructive feedback to the insecure resident
may be misinterpreted as being perceived as a bad resident. A resident that lacks the
mindset of growth or feels like they have no weaknesses is not receptive to receiving
feedback. Finally, a sufficient knowledge base in the area of knowledge or proce-
dural skill being demonstrated is necessary to comprehend the feedback given by
the teacher [32].

Giving Appropriate Feedback

To give appropriate feedback, a conducive environment must be first established.
This nonjudgmental environment should provide a relaxing, respectful atmosphere
for the learner to feel comfortable and fully engaged in the conversation. The learner
should also be notified ahead of time that he or she will be receiving feedback. It is
important for feedback to start with a self-assessment by the learner. This helps
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create an open two-way conversation and allows the teacher to assess the resident’s
mindset and insight [33].

Feedback should be based on direct observations in order to provide the most
realistic assessment for the learner. This allows the educator to discuss specific
events that were appropriate or needed improvement. When feedback focuses on
generalities, it leaves the learner with an incomplete assessment and with little
direction for improvement [32, 33]. Furthermore, the quantity of feedback given
should be limited to one or two topics in order to not overwhelm the learner in the
context of any given interaction [32]. Feedback is most effective when it occurs in a
respectful environment, is based on direct observation rather than hearsay, is non-
judgmental, is specific rather than general, is focused on limited elements rather
than a wide range of topics, is oriented to behavior and skills rather than personality
traits, is goal or objective based, is accomplished in the context of dialog, and
includes suggestions for improvement [33].

Each feedback session concludes with the development of goals for future expe-
riences. Goals for improvement should include strategies and input from both the
educator and the learner. Strategies might include further reading of the literature,
working in the skills lab, or new approaches to procedures. At the conclusion, the
educator and learner agree upon the goals, and then the learner reviews his or her
understanding of the feedback [33].

Having reviewed the critical nature of feedback as an essential skill in all learn-
ing settings and environments, we will now turn to reviewing specific strategies
residents can use and develop as part of their learning and teaching repertoire to
enhance their effectiveness. In the following sections, we will identify several spe-
cific teaching models and strategies useful in framing and developing educational
competency and the journey toward independent practice, both clinically and
pedagogically.

Teaching Models

There are many models in the current medical education literature proposed to help
faculty teach residents and to assess a resident’s level of competency. Although
many residency programs offer a “Residents as Teachers” course to develop senior
residents’ leadership skill acquisition, there is relatively little focused scholarship in
the current medical education literature describing specific techniques for senior
residents to employ in teaching junior learners. In the following section, we will
describe several models that may be adapted in training residents as teachers.

Dreyfus Model and Learner-Focused Teaching
The Dreyfus model of skill acquisition lays a framework for skill acquisition by

describing developmental stages beginning with novice and progressing through
advanced beginner, competent, proficient, expert, and master [37]. The progression
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is one in which the learner progresses from following rules based on limited experi-
ence without comprehension of context, toward intuitive decision making based on
analysis and ultimately intuition as experience grows. As the learner progresses,
they also progress from detached commitment to involved commitment based on
progressive understanding. It is paramount that the teachers recognize, or “diag-
nose,” the learner’s current stage in order to employ techniques that both reinforce
the learner’s existing knowledge base and empower the learner to grow [38]. This
model of teaching can be used in the clinic, hospital wards, or in the operating room.

Through surgical residency, these early skills are most likely acquired with the
help of a senior resident’s leadership based on the “near-peer” relationship as
described above. It is crucial for the senior resident to see one of his or her primary
duties as teaching the more junior residents on his or her team. The teacher of a
novice learner aids by helping the learner organize their clinical knowledge by
pointing out meaningful diagnostic information in the history and physical exam,
eliminating irrelevant information, and encouraging learners to read about the clini-
cal scenario. A new intern can find the amount of work involved in developing these
skills alongside performing even relatively simple tasks overwhelmingly. At this
novice stage, it is difficult to discern what information is relevant to a patient’s care
and what is extraneous. The senior resident can teach the junior resident strategies
to remain organized and methods to gain efficiency. This can be taught both by
instruction and role modeling.

As the learner progresses to an advanced beginner, the teacher encourages him or
her to formulate and articulate their own differential diagnosis and treatment plan.
In the midst of a busy day with many time constraints, it is often more efficient for
the more senior resident to formulate a patient care plan. However, it is crucial for
the junior residents to develop a plan prior to hearing the senior’s assessment and to
be given the opportunity to synthesize and articulate the plan. The senior resident
should ask, “What is your plan?” This promotes synthesis of information, applica-
tion, and reinforcement of already existing medical knowledge, prioritization and
decision-making skill, and the development of ownership and responsibility in the
patient’s care.

In the Dreyfus model, the teacher of a competent learner must balance supervision
with autonomy in order to allow the learner to become accountable for their deci-
sions. This balance is found by elucidating what tasks the learner can be trusted to
perform well independently and what tasks need guidance. Lev Vygotsky introduced
a concept called the “zone of proximal development,” which defines tasks that the
learner cannot do unaided, but can be completed with guidance [39]. An attending or
senior resident must discern which tasks the junior resident can be entrusted to per-
form independently versus those that require instruction or close supervision, as well
as those beyond the learner’s capabilities even with assistance. Teachers should strive
to teach in this zone of proximal development, where the benefit of the teacher’s
assistance is neither superfluous nor facilitates danger, but enabling. Here lies the
balance required between autonomy and guidance, which leads to the most growth
and progression—defining the point of maximal teaching impact for the learner.
Further influences on developing resident autonomy will be discussed below.
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The last two stages of the Dreyfus model place much of the responsibility on the
learner. At the stage of proficiency, the learner must trust his or her instincts while
also being aware of his or her limitations and the point in which additional help is
needed. At this stage the teacher must follow Barbara Lourie Sand’s astute observa-
tion that she describes in her book Teaching Genius. Here she states that the secret
of success teaching is to train “pupils to think, and to trust their ability to do so
effectively [40, 41].” As the learner reaches the stage of expert or master, he or she
gains increasing experience and exposure to complex and difficulty cases and con-
tinues to grow through continued self-directed learning.

Granting Autonomy

Traditionally, surgical residents’ education occurred through a graduated system of
increased responsibility and awarded autonomy. As described above, recent studies
have provided evidence that many surgical graduates are not prepared to enter fel-
lowship or independent practice or at a minimum are not confident in their ability to
do so. Teman et al. [42] identified factors that influence attending surgeons’ deci-
sion to entrust the resident with increased autonomy. The most important factors
were the observed clinical skill of the resident, the attending surgeon’s confidence
level with the procedure, and the ease of the operation. The greatest barrier prevent-
ing entrustment of responsibility was the increased focus on patient outcomes fol-
lowed by a desire for increased efficiency and the patient’s or institution’s expectation
of attending involvement. The same likely holds true for chief residents and other
senior residents teaching junior residents and medical students. As a chief resident,
one feels a great responsibility for not only the care and successful outcome of his
or her patients but also to meet the expectation placed on him or her by the faculty.
Recognizing these barriers, the authors recommended that the focus be placed on
entrustment of responsibilities by defining and measuring entrustable professional
activities (EPAs).

Entrustable Professional Activities

Entrustable professional activities are defined, concrete tasks that can be observed
and assessed by the teacher [43, 44], for example, consenting a patient for a laparo-
scopic appendectomy or placing a central venous line. Unlike the ACGME’s core
competencies which can be abstract ideas that are difficult to measure, EPAs are
distinct tasks identified in the learner’s regular workflow that can be evaluated. They
are “units of professional activity.” Using an EPA model, one can determine when
the learner is prepared for increased responsibility, greater complexity of tasks, and
further independence.

This is not only true for how attending surgeons approach teaching residents but
also how a chief resident should teach the other members of his or her team. For
example, at the beginning of one’s first year in residency, the resident learner
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typically may not know how to accomplish relatively simple tasks such as writing a
progress note or inserting orders into the electronic medical record. The intern
learns how to perform these duties from his or her senior resident. Initially, this
requires close monitoring and frequent help from the senior resident to ensure
appropriate task completion and learning. As the intern develops experience and
demonstrates trustworthiness in reliable completion of the task under direct obser-
vation, the senior resident should give further independence to the intern and begin
teaching the intern more complex tasks ideally while maintaining intermittent ongo-
ing monitoring of tasks already entrusted to ensure continued appropriate
execution.

BID Model

Another model specifically designed for teaching surgical residents in the operating
room, the BID model, was introduced by Roberts et al. [45]. The briefing, intraopera-
tive teaching, and debriefing model allows the learner and the teacher to set specific
objectives prior to beginning an operation in order to deliberately focus on a particu-
lar aspect of the learner’s performance as the point for improvement and growth. This
model is easy to remember and fits well into the busy schedule of an attending sur-
geon’s practice. During briefing, the teacher asks the learner what he or she would
like to focus on during the procedure, or with very inexperienced learners, the sug-
gested focus may be provided by the teacher. This interaction, which can occur with
a succinct conversation at the scrub sink, assesses the needs of the learner while also
deliberately setting an objective for educational focus and improvement during the
case. The objective set during the briefing allows for focused intraoperative teach-
ing. During the procedure, the teacher may coach the learner through the operation
but pays particular attention to instruction which applies to the outlined objective.
Purposeful slowing down at this point can help provide an optimal context for learn-
ing at the point of maximal impact while allowing for required operative efficiencies
during the less educationally productive portions of the case. Finally, during closing
the teacher and learner debrief together. Debriefing consists of four elements, namely,
reflection, rule, reinforcement, and correction. It is a time to allow the resident to
reflect on his or her overall performance while assimilating a “rule” to guide future
practices. The teacher should inquire on what the learner recognized and would do
differently in the future, and ask why, and reinforce aspects of the resident’s perfor-
mance that were done well while correcting mistakes. Reinforcement not only
encourages the learner during his or her development, it also emphasizes portions of
the performance that should be repeated in the future. Correcting mistakes is also
crucial for the learner to improve his or her skill level but should always be addressed
in a way to avoid embarrassment or degradation. The BID model allows the teacher
and the learner to intentionally focus on one learning objective which then guides the
intraoperative teaching and is further solidified during debriefing. The learner not
only receives immediate constructive feedback, it occurs in a way that is conducive
to the demanding schedule of a busy attending surgeon.
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Let’s use an inguinal hernia repair as an example. At an intern level, the resident
is learning the anatomy and memorizing the steps of the procedure. The defined
objective set at the “briefing” may be simply closing the incision or properly inject-
ing local anesthetic. The senior resident can teach the junior resident proper sutur-
ing techniques and principles of inguinal nerve anatomy and analgesia. As the
learner progresses, focus may be changed to elements such as nerve identification,
cord mobilization, sac dissection, prosthesis placement, and so forth. Ultimately,
special situations and their management such as persistent incarceration, sliding
defects, rarer hernia types, and non-prosthetic repairs become suitable foci of teach-
ing effort.

With more experienced residents, such as a chief resident, and under the supervi-
sion of an attending surgeon, it is an excellent learning opportunity for both resi-
dents to have the chief resident walk a junior resident through a case. The chief
resident must have extensive knowledge about the patient, disease process, anat-
omy, and operative steps. In some ways, this gives the senior resident the greatest
degree of autonomy allotted in our current training paradigm. It develops both the
junior resident and senior resident’s operative skills while also developing the senior
resident’s ability to teach. Using this model, the attending, senior resident, and
junior resident can define a particular objective to focus on through the case. The
attending and senior resident should give feedback to the junior resident regarding
his or her technical performance. In addition, the senior resident can receive feed-
back from the attending and junior resident regarding his or her teaching style.

Striving for Excellence as a Resident Teacher

As a resident matures becoming a mid-level and on to a chief resident, the mindset
must change to not only growing in one’s own medical knowledge, clinical judg-
ment, and technical skills but also to one of teaching and leading a team. Leadership,
emotional intelligence, and both self- and team management skills become more
critical and represent transitional skills in the progression from graduate to post-
graduate lifelong learning. Over the next few paragraphs, we will outline strategies
senior residents can use to begin to incorporate some of these skills in their most
common and high-stakes learning environment, the operating room.

Developing Intraoperative Teaching Skills

Cox and Swanson described five key elements that characterized outstanding opera-
tive instructors, which include (1) demonstration of awareness and sensitivity to
resident learning needs, (2) provision of direct and ongoing feedback regarding resi-
dent progress, (3) possession of technical expertise and up-to-date knowledge, (4)
encouragement of resident participation, and (5) maintenance of a respectful and
supportive learning environment [46, 47]. As outlined above, in many ways, senior
residents can be the best teachers of junior residents. Senior residents may often be
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more aware of junior residents’ learning needs as they have many of the same needs
or recent experiences. Furthermore, residents often feel more comfortable giving
and receiving feedback from a close colleague.

When learning to teach, senior residents should keep in mind the seven princi-
ples reported by Skoczylas et al. of effective operative teaching [47, 48]:

e Emphasis of anatomical landmarks

 Instruction of both visual and tactile procedural elements

e Encouragement of repetition

e Promotion of early independence

¢ Demonstration of confident competence

e Maintenance of calm demeanor

e Willingness to accept responsibility for mistakes and consequences

Developing the Nontechnical Teaching Skills

As is clear from several of the elements outlined in the above principles, being a
good teacher means not only giving instruction in or out of the operating room but
also leading a team effectively. As John Maxwell states in his book Developing the
Leader Within You, leadership is defined as “casting vision and motiving people
[49].” Good leadership is accomplished through displaying integrity and communi-
cating effectively. An effective leader, as Kouzes and Posner describe it, models the
way [50]. If a senior resident leads by example and acts in accordance to the greater
good of the team rather than for himself or herself, trust is built.

Once one gains trust, learners are more likely to listen and feel comfortable ask-
ing questions. When residents change services, senior residents should take time to
set goals and define expectations with his or her junior residents. It is vital for the
senior resident to not only ask questions but also to welcome questions along the
way. Midway through a rotation, senior residents should give and receive both posi-
tive and constructive feedback with their junior residents. This facilitates educa-
tional accountability, allows time for correction or remediation, and aids in
reorienting to key goals and objectives.

As the resident moves toward maturity both in terms of their personal profes-
sional identity and their effectiveness as an educator, continued self-development
through reading, focused mentorship, and coursework, formal or informal, becomes
critical in preparing them for lifelong practice-based learning. This is no less true in
the realm of educational maturation than it is in the clinical or technical skill realm.
Continuing to develop attitudes and interpersonal skills alongside knowledge and
technical prowess will lead the senior resident into areas such as advanced time
management, conflict resolution, patterns promoting resilience, and expanding
influence through strategic investment in the lives of others. Harkening back to
where we began the chapter, residents may find this new set of skills daunting, but
also exhilarating and fulfilling to pursue, and will often find themselves in an advan-
tageous position to share the lessons they learn with more junior learners. Developing
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these skills and a community of learning that celebrates them can change an educa-
tional culture and stimulate the expanding influence to the benefit of many that is the
goal of all educational endeavor.

Conclusion

Teaching residents to teach junior residents and medical students is fundamental
to the mission of surgical education. As Deborah Ball, Dean of the School of
Education at the University of Michigan, said, “Good teachers aren’t born,
they’re trained” [51]. Just as one trains a resident to perform complex surgical
skills, one must also coach and encourage residents to act as teachers to their
junior colleagues. There are many challenges facing the current surgical training
paradigm including resident preparedness for independent practice. Senior resi-
dents should keep the teaching mindset as a top priority, for as the Roman phi-
losopher Seneca said, “While we teach, we learn.” We hope that applying the
theories of modern memory science and educational principles reviewed will
help the interested reader enhance their own personal surgical competency and
skill and their impact on the progression of all around them.
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Teaching in the Operating Room

Moben Mirza and Joel F. Koenig

Introduction

Medicine has evolved dramatically during the last century to the extent that much of
what goes on in modern medical care would be unrecognizable to a physician at the
turn of the twentieth century. The impact of novel therapies, surgical techniques,
and diagnostic technologies over the last 30 years alone is staggering. Education in
the operating room, the cornerstone of surgical training, however has made little
substantive progress since the days of surgical apprenticeships. The institution of
surgical residencies in the early twentieth century provided structure to research and
didactic curriculums, but operative training is still primarily based on individual
observation and mentorship with limited objective standards and oversight. The
demands of our modern medical era, from duty hour restrictions to financial pres-
sures, as well as a heightened sense of public accountability and transparency high-
light the need to harness every available resource to maximize operating room
education for teachers, trainees, and ultimately for patients.

Historical Context

Prior to the twentieth century, the training of surgeons was primarily a one-on-one
apprenticeship model in which young trainees would spend several years observing
and imitating a mentor surgeon giving rise to the well-known dictum “watch one, do
one, teach one.” The quality of training within this system by its nature varied
greatly with the quality of the individual mentor and the lacked central organization
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or standards. Like any apprenticeship, learning was heavily restricted to what the
trainee could directly observe, and progress and innovation were difficult.

Beginning in the early twentieth century, surgical training in the United States
began to acquire structure. As medical education reform was shaped by William
Osler, the Flexner Report of 1910 and the American Medical Association (AMA),
William Halsted laid the groundwork for our modern surgical residencies with the
triad of research, basic science knowledge, and graduated patient responsibility.
From the time of its inception in 1913, the American College of Surgeons (ACS) has
played a vital role in developing, maintaining, and refining surgical standards. The
AMA published the “Essentials of Approved Residencies and Fellowships” in 1928,
and shortly after in 1939, the ACS issued their first Fundamental Requirements for
Graduate Training in Surgery [1].

As the medical care delivery and payment continued to evolve throughout the
twentieth century, so too did medical education oversight, and in 1981 the ACGME
was formed to create a unifying force over the various medical specialty and sub-
specialty resident review committees. The medical education landscape has changed
dramatically over the last 20 years with duty hour restrictions, the Next Accreditation
System (NAS), and the current Milestones project. For surgical specialties, greater
emphasis has been put on demonstration of competence including progression of
skill in the operating room. The actual task of teaching in the operating room each
day however is still remarkably similar to the old apprenticeship model. Residents
and fellows participate in surgical cases with varying degrees of autonomy and
oversight from their mentors often with minimal structured feedback to know spe-
cifically what they did well and what needs improvement. Summative, infrequent
evaluations, which are still the basis for ACGME review, do little to foster the kind
of continual improvement cycle needed to guide trainees through the most critical
time in the development of their surgical skills. Fortunately, the last several decades
have also seen an increase in psychological research and technological advances
that can be used to make the most of time spent educating in the operating room.

The Case for Better Teaching in the Operating Room

Some may think the old adage “if it isn’t broken, don’t fix it” may apply to operative
training. After all modern medicine, including surgical medicine, has seen many
great achievements, and surgeons who complete years of training want to think they
are adequately prepared. There are however several factors that highlight the need
to continuously assess and improve our teaching in the operating room.

While the amount of medical knowledge and number and complexity of surgical
cases has increased across all disciplines, time pressure on learners, particularly
residents, has also increased. The most obvious of these pressures is the restriction
of resident duty hours. While this limitation affects residents in all specialties, it is
felt most acutely in surgical disciplines in which textbooks, didactics, or simulation
cannot wholly take the place of real operative experience. Several recent studies
illustrate this effect on current surgical residencies. Surgical residents completing
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training in 2010 and 2011 performed one-third of essential common operations as
defined in the Surgical Council on Resident Education (SCORE) curriculum a
median of less than five times and four of these a median of zero times [2]. The
effects of these increased demands compared to available time can be seen in the
fact that over one-quarter of surgery residents worry about their confidence to per-
form procedures independently upon graduation [3]. A recent survey of surgery
fellowship program directors found that 21% felt that new fellows were unprepared
for the operating room with 30% unable to independently perform a laparoscopic
cholecystectomy and 66% unable to operate on their own for 30 min unsupervised
in a major operation [4]. Although this survey was based on the opinion of program
directors and is not a scientific assessment of actual operating skills, the findings are
concerning given the amount of time and effort that goes into training residents and
the great responsibilities they have after graduation.

The pressures on teaching physicians and the landscape of the modern academic
medical center have also changed dramatically in the last century. Although we
would like to separate the financial and educational aspects of teaching hospitals
and medical schools, they are inextricably joined. In decades past, only a small frac-
tion of the operating costs of medical schools was directly derived from clinical
revenue. Through 1965 a typical medical school relied on faculty practice for only
about 6% of their budget, while 60% came from federal research spending [5]. After
the advent of Medicaid and Medicare in 1965 and through the fee-for-service era,
the clinical revenue of academic hospitals grew, and by 1980 approximately half of
a typical medical school’s budget came from its clinical practice [5]. Within our
current managed care era, influence from insurance companies has shortened hospi-
tal stays, decreased payments, and increased demands on clinicians to see more
patients in less time which in turn decreases time for clinical teaching. These pres-
sures along with increased concerns over patient safety and public accountability
have led to decreased time and freedom for resident education and autonomy in the
operating room. Faculty teaching in the operating room must therefore adapt to
maximize the time available.

The educational environment in which we are teaching in the operating room has
also changed over the last several decades. New research has provided insights into
education that can be utilized to make the most of the time we do have to teach in
the operating room. We would not ignore clinical research in our field that guided
us to better patient care, and we should not ignore education research that benefits
our residents. We must also factor in generational differences between current resi-
dents and their teaching faculty and how these differences affect learning and teach-
ing in the operating room. Although there are many timeless principles regarding
operative education, the way in which these principles are applied to different learn-
ers in different situations can have a great impact on their effectiveness. A more
detailed discussion of generational differences is covered elsewhere in this book,
but the current millennial generation’s desire for more direct constant feedback,
assimilative learning style, and technological prowess should be harnessed if we are
to make the most of educational time in the operating room. As stated by Ian Jukes,
“We must prepare students for their future, not our past” [6].
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The Purpose of Operating Room Education

The two primary purposes of the education in the operating room are assessing cur-
rent surgical proficiency (knowledge, skill, judgment, professionalism) and facili-
tating continual advancement of this proficiency toward the ultimate goal of safe,
independent, competent surgical practice. Although a precise definition of “surgical
competence” may be difficult to articulate bringing to mind Justice Potter Stewart’s
description of obscenity, “I know it when I see it [7],” a reasonable working defini-
tion may be that upon graduation we would recommend our residents to friends and
family in need of medical care. It is important to have this framework in mind when
thinking about resident assessment and improvement. Evaluating how well a resi-
dent did, whether addressing a single operation, time spent on a particular rotation,
or their entire residency tenure, is not as important and extrapolating how well a
resident will do in their future independent practice. The decisions to allow residents
to progress at each step of their training and ultimately graduate are high-stakes
decisions and as such should not be made only on hunches and intuition.

Our patients understand this and the public demand for better accountability is
increasing. Historically most patients have placed tremendous trust in their physi-
cians and their training without looking for much to support their trust other than a
diploma on the wall. Public trust in physicians however has been declining, and
recently third-party groups such as Propublica [8] have been collecting and report-
ing available data on information such as surgical outcomes. Undoubtedly a similar
trend for increased public accountability of competence in medical and surgical
education will follow. For the sake of the public trust and our own conscience as
educators, we as teachers should be able to provide, “defensible, dependable, and
trustworthy operative performance information” [9] to support these high-stakes
decisions regarding our support of a trainee’s license to practice medicine. In the era
of evidence-based practice, medical decision-making relies on ample and accurate
data that has been collected and reported with clarity. Medical education decisions
should require similar stringent support.

Clearly it is impossible to have perfectly complete and accurate knowledge of a
resident’s operative competency or predict how he or she will perform in every pos-
sible scenario, but we should have as our goal when teaching in the operating room
an assessment system that provides a true picture of the resident’s competency tra-
jectory and can explain deviation from this trajectory due to factors such as changes
in operative environment or faculty variation. We must then also have the proper
training and knowledge to use the information we gain from this assessment to
guide our residents to be the best surgeons they can be.

Assessment of Operative Performance

Education in the operating room, in terms of both validation of competence and
guiding improvement, begins with a thorough and accurate assessment of surgical
skill. Both the quality of the individual evaluations and the total number of
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evaluations are important factors in generating such an assessment. Mellinger and
his colleagues compared educational assessment to work done by early astronomers
in which the accuracy of each individual measurement was of course important, but
only by combining multiple measurements from multiple observes over time could
a more true and complete picture of the universe and accurate extrapolations of the
future be made [9]. Although this is not a perfect analogy, important comparisons
can be instructive. Every individual measurement of any kind is hindered by a vari-
ety of factors that prevent perfect accuracy. In the case of astronomy, these factors
included the instruments used, atmospheric conditions, and human error on the part
of the astronomer among others. Similarly, in the operating room, human factors
(outside stressors, fatigue), the environment (case complexity), and assessment
instruments will affect the accuracy of each assessment performed. Fortunately,
there is a growing body of research to help refine the practice of assessment to pro-
vide high-quality data efficiently in the midst of a busy practice.

Historically, there may have been variable feedback and coaching within the
operating room, but recorded assessments happened infrequently, typically as
annual or semiannual evaluations asking each faculty member to reflect on their
time with the resident. The individual evaluations were then grouped into a single
report for each resident. Using the framework above, this method has several inher-
ent problems. In regard to the quality of the assessment itself, summarizing 6 months
of operative performance into a single account limits its ability to differentiate
among many variable operations and surgical skills. Recall bias will typically bring
to mind either the most recent experiences with a resident or particularly positive or
negative experiences, and previous research has demonstrated the negative impact
of delay in completion of operative assessments [10]. As much as these flaws affect
each individual evaluation, the small number of assessments generated by this
method is probably a more important limitation. By providing only a handful of
assessments across a resident’s tenure, it is much more difficult to determine whether
the evaluations truly represent their surgical competence or outlying measurements.
Whenever measurements of any kind are recorded, the more data points there are,
the easier it is to accurately determine the true normal distribution and the outliers.
This will also allow determining what led to outlying measurements and refining of
the measurement tool. Having more data points is especially important when trying
to extrapolate future performance which is the ultimate goal of operative assess-
ment. Research has demonstrated the importance of collecting a sufficient number
of evaluations to accurately portray a resident’s operative performance [11].
Infrequent evaluations by their nature also minimize the ability of the assessment to
identify struggling residents or act as a tool for residents to guide their own improve-
ment. These infrequent summative assessments have served as records of residents
meeting minimum requirements, but not much more. For all of the potential benefit
offered by more frequent evaluations, actually implementing these evaluations and
collecting and processing their data have been difficult without applying more
recent technological advances. In the midst of a busy surgical practice, the time and
inconvenience required by paper evaluations would be difficult obstacles to over-
come for many training programs. Fortunately, smartphones and internet-based
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programs can greatly increase the ease and efficiency of frequent evaluations of
individual operative performances.

To try and conceptualize the various assessment tools already in use and any in
the future, it may be helpful to understand them in terms of their final product. Each
assessment produces an account of the operative performance based on the param-
eters set forth in its design. This account or characterization is most often a numeri-
cal score due to the fact that they are simple and quick to complete and have the
advantages of being easy to quantify, combine, and analyze. What the numerical
score actually represents will depend on the design of the assessment. The most
commonly used design involves a generic assessment that can be applied to all pro-
cedures and asks the rater to provide a numerical score, for various aspects of the
operative performance. Examples include the objective assessment of technical
skills (OSATS) system [12], the nontechnical skills for surgeons system [13], and
the O-SCORE system [14]. In an effort to make the assessment thorough and
descriptive, as many as eight separate elements of surgical performance will be
rated on a scale with five to nine levels. Similar systems have also been developed
with procedure-specific metrics or a combination of universal and specific parame-
ters such as global operative assessment of laparoscopic skills (GOALS) [15] and
OPRS [16]. Procedure-specific evaluations may provide more detailed data or iden-
tify particular techniques that a resident needs to improve but yield fewer compa-
rable data points to analyze.

Whichever of these two approaches is chosen, however, there is a growing body
of research highlighting some important drawbacks. It may seem straightforward to
assign a numerical value along a Likert-type scale to metrics such as preoperative
planning or tissue handling, particularly when clear descriptions of the metrics and
numerical values are given. However, raters appear to largely ignore the prescribed
categories and rankings and instead view the performance in terms of one or two
broad characterizations that are applied to all the metrics used in the assessment [17,
18]. This at least partially explains why many assessments used in medical teaching
tend to show more correlation among a single assessor’s ratings of multiple differ-
ent trainees than they do among different assessors’ ratings of the same trainee or
performance [17]. The other main drawback to assessments based around multiple
categories with detailed descriptions is that they take more time to read, understand,
and complete. Although more experience with a given system and utilization of
technology such as smart phones may expedite the process, more questions will
always equal more time to complete. And the more time it takes to complete an
evaluation, the more likely that fewer evaluations will be completed.

We then seemingly have to choose between fewer evaluations with more detailed,
although possibly flawed, data or more evaluations with less detailed data. There is
a growing body of research suggesting that a greater number of completed evalua-
tions, even if they are comprised of only one or two questions, may be more valu-
able. Williams and colleagues reported that increasing the number of evaluations
had a greater impact on reliability than did increasing the number of items assessed
[11]. They later compared a single-item global assessment of operative performance
to the standard OPRS evaluation of approximately ten items and found nearly
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identical reliability coefficients and again highlighted in need for an adequate num-
ber of evaluations for reliability [19]. The most widely used application that
approaches this idea of a single global evaluation of a resident’s performance is the
SIMPL smartphone-based application [20]. This tool asks for a global assessment
of overall performance in a case and a score for the degree of autonomy and case
complexity. With the small number of questions and smartphone-based platform,
the evaluation can be completed in very little time with minimal interruption to
normal work flow [21].

Another approach to operative performance assessment could eschew numeric
ratings altogether and rely on a verbal narrative. These verbal narratives can poten-
tially convey a greater amount of information more efficiently than numeric ratings.
This is particularly true when accounting for the types of factors such as case com-
plexity or other unusual circumstances that may be difficult to adequately capture in
a predetermined numerical score. Instead of the rater wondering whether they
should give the resident a lower score when struggling through a difficult case or a
higher score after factoring in unusual circumstances, the rater simply describes
what happened. Schwind et al. found that written comments were particularly help-
ful at identifying performance deficits compared to numerical scores [22]. This
attribute would be particularly useful for a system of immediate operative assess-
ments since one of its main goals is to recognize and help struggling residents ear-
lier. The difficulty with verbal narratives, of course, is that they can be more
time-consuming to create, tabulate, and report out in an organized fashion. However,
we probably should not favor a numerical system simply because its numbers seem
more precise and easier to understand if what is actually conveyed by those numbers
is misleading. Fortunately, technology can help with verbal narrative-based systems
as well. With voice recognition software, a faculty member could dictate a short
narrative after a case just as quickly as they could fill out a set of predetermined
numerical scores, and software could similarly help to synthesize the various narra-
tives into a cohesive report. If an assessment of operative performance has twin
goals of recording how well the trainee did and also guiding improvement, it may
make more sense to simply keep the entire discussion as a verbal narrative. Giving
a resident a simple numerical score does little to tell them how to improve. If a ver-
bal narrative can accomplish both goals efficiently, we may not need to bother tak-
ing the extra time to try to assign an arbitrary numerical rating. Ideally this would
be done as both a verbal, two-way discussion between the resident and faculty
member and recorded narrative to document the assessment.

Guiding Improvement in Operative Competency

Effective education in any setting, including the operating room, requires of course
not just evaluation and assessment but also guidance to help the learner improve and
reach their ultimate goal. Learning will always be most effective when there is a
high level of self-direction, but teachers have a great impact on how far that self-
direction will carry a student. Becoming a skilled clinician in any field and
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maintaining that skill over a career require physicians to be lifelong self-motivated
learners, but lack of adequate expert guidance will foster education that is inefficient
at best and develops harmful improper patterns at worst. To provide the most effi-
cient and effective guidance in the operating room setting requires teaching faculty
to overcome the unique challenges of operating room education so that residents
and students can make timely measurable improvement in both technical and non-
technical clinical operative skills.

Feedback

To foster resident development, faculty must move beyond simply evaluating an
operative performance and provide the resident with feedback that will help him or
her improve. Although the precise words used to describe what we are doing when
we give feedback may change, this is not a matter of mere semantics. There are
important differences between evaluating a person and providing them with feed-
back. Providing good feedback to residents will help both faculty and residents get
the most of their educational experience in the operating room, and the importance
of feedback to both faculty and residents has previously been demonstrated [23, 24].
Ende does an excellent job of outlining exactly why feedback is so important to
medical training and how we can draw on lessons learned from medical training and
other disciplines to provide good-quality feedback [23]. He first helps us to under-
stand the importance of feedback by explaining the consequences of inadequate or
ineffective feedback. When a learner such as a medical student or resident enters a
new environment, they are seeking feedback, and when this is not given, they
develop their own internal system of validation. In the case of residents, this internal
validation system tends to develop along with an increasing sense of their own com-
petence. As time goes on, they become increasingly resistant to outside criticism
which may continue on after graduation from residency [25]. Without a model of
constructive feedback, they do not seek out or respond to even well-intentioned
outside evaluations of their performance. Perhaps this is part of the explanation for
the limited use of third-party coaching by practicing surgeons despite its ubiquitous
presence in other fields such as music or athletics. In the absence of a better model,
they may fill in the gap and see themselves as their own best judges. The lack of
quality feedback has previously been demonstrated in surveys of residents with only
8% being highly satisfied with the feedback they receive and 80% receiving no
feedback [26]. Correspondingly faculty frequently report learning how to give
effective feedback as one of their greatest needs [24].

To understand how to give effective feedback, it is helpful to first define it and
distinguish it from evaluation. Feedback uses information gleaned about a system
and reinserts that information back into the system and in the context of education
or learning has as its goal, the improvement of the learner. It is important to keep
this ultimate goal of improvement in mind, particularly when trying to change
human behavior. There are many ways that we can provide a learner with informa-
tion about a performance or offer guidance for improvement that may not be
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optimal for improvement. Feedback is formative; it helps the learner achieve their
goals and looks forward to continued improvement. This is best done with neutral
descriptions about what occurred and what could be improved. Evaluations are
summative and look backward, reflecting the past performance and providing
judgment about how well a learner compared to a standard or their peers [23]. An
evaluation of a poor performance, although informative, will not be nearly as help-
ful as a formative feedback session that provides guidance on how to perform bet-
ter next time.

Within this general framework, several specific characteristics of effective feed-
back have been drawn from medical education and other fields such as personnel
management and validated for use by medical educators [23, 24]. The characteris-
tics summarized in Fig. 8.1 can be broadly divided into those apply to setting up the
environment for feedback and specific techniques for the feedback itself and can be
applied to both positive reinforcement and negative constructive feedback. For the
context of this textbook, we will focus on feedback from the perspective of the edu-
cator for two reasons: (1) this book is primarily written for educators, and (2) in
medical education in general and in the operating room in particular, the educator or
attending faculty member has tremendous influence on establishing the environ-
ment and leading educational objectives. In this context, directing our efforts toward
teachers will likely offer important gains in educational outcomes and may be a
necessary prerequisite before turning our attention to learners [27].

Because we are dealing with human learners, the complex dynamics of emotions
and interpersonal relationships have a tremendous impact on the success or failure
of any educational endeavor including operative performance feedback with its
high-stress, high-stakes decisions and close relationship with the faculty. Humans
have a natural defensive mechanism against negative emotions defined by Gilbert

Setting up the feedback environment
* Based on direct first-hand observation
e Timely: as soon as possible after the observed task, not more than 72 hours
e Self-directed by the learner
e Respectful unthreatening climate
e Non-judgmental
e Based on well defined pre-negotiated goals

Feedback techniques
¢  Eliciting thoughts and feelings before giving feedback
e Focusing on behaviors not personality
e Basing feedback on specific observed facts
¢ Providing the correct amount of feedback (not too much or too little)
e Providing specific suggestions for improvement
*  Works with the learner to establish an action plan for continued development

Fig. 8.1 Characteristics of effective feedback
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and Wilson [28] as the psychological immune system which may limit the extent to
which feedback is sought or implemented by a learner. Learners first require a cer-
tain amount of internal confidence in order to be prepared for feedback. This will
allow them to seek out feedback and deal with the inevitable negative constructive
assessments necessary for improvement [29]. Much of a resident’s internal confi-
dence will have been established prior to beginning residency, but it is important for
us as educators to recognize where they are starting and do what we can to develop
an appropriate level of confidence in our learners. This is also good to keep this in
mind regarding all of our interactions with younger learners such as medical stu-
dents or undergraduates and understand how much influence we can have on their
future. After the internal confidence of the resident has been taken into account, the
feedback will be most effective if the learner perceives the feedback to be truthful
and delivered with their best interests in mind [29]. Accurate feedback will best be
given by a direct observer of the evaluated task, and learners are more likely to trust
and incorporate feedback from direct observation as opposed to second- or third-
hand reports [24]. The timing of feedback also has an impact on its accuracy and
precision. Williams and colleagues have demonstrated that a delay of greater than
72 h was associated with a significant decrease in the quality of the operative assess-
ment as demonstrated by a loss in detail and nuance in favor of broad generaliza-
tions [10]. These aspects of effective feedback highlight the weaknesses of the
standard semiannual evaluation in which feedback may be based on direct observa-
tions of multiple faculty members but is typically relayed to the resident months
later by a single person (i.e., the program director) who only observed a fraction of
the operative performances.

Of course, simply providing an accurate assessment is not enough if our goal is
incorporation of the feedback to change behavior and improve performance. For a
resident or any other learner, to translate feedback into behavior modification
requires motivation. This begins with the resident understanding that they have to be
the one actually doing the learning and implementing the changes. They must have
an understanding on the target performance, how their performance differs, and how
they can narrow that difference. A teacher simply prescribing specific actions to
take will not be as effective as the learner working toward a clear understanding of
the final goal and how those actions fit into that goal [27, 30] and further developing
their sense of autonomy (i.e., the learner has ultimate control over future changes to
their performance) [27]. This self-directed learning will be further supported by
fostering a healthy relationship between the teacher and the learner. This allows for
the feedback to be a collaborative process sought by the learner in which the learn-
ers work toward a set of clear predetermined objectives as opposed to one imposed
by the teacher with an arbitrary standard of the teacher’s choosing. This, combined
with a neutral, objective, nonjudgmental tone, moves the experience from a perfor-
mance focus to a learning focus [23, 27].

Within the actual feedback session, certain techniques will both increase the
effectiveness of the feedback given and further improve the relationship between
the teacher and learner for future sessions. First the teacher should ask for the resi-
dent’s own thoughts and feelings about the case. This will allow the faculty member
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to evaluate the resident’s self-assessment skills which are invaluable in developing
trust between the faculty and resident and for the resident’s lifelong learning. It will
also allow the faculty to gage the resident’s current emotional state which, as stated
previously, can have a significant impact on the feedback. The time immediately
after a difficult strenuous case with a negative outcome may not be the best time to
go over the fine points of particular surgical techniques. The feedback should be
based on specific observed behaviors (“you could improve on appropriate tissue
handling techniques”) and not on personality traits (“why are you so careless?”).
Similarly, suggestions for improvement should be specific and limited to an appro-
priate amount for the feedback session. Based on theories of cognitive load, this
would probably only be one or two well-defined objectives for after an assessment
of a single operative performance.

Entrustability

An area that deserves special mention in any medical education context and is vital
to operative training is that of entrustability. Entrustment is the act of confiding the
care of a person or thing or the execution of a task to an individual [31]. In the oper-
ating room, as in all of medicine, entrusting someone else with an aspect of patient
care has a measured degree of risk. This measured risk is viewed in the setting of all
the other various measured risks we take when caring for patients [9, 32]. Any deci-
sion we make or intervention we perform or chose not to perform has possible risks
and benefits that we weigh against the odds of helping or harming our patients.

Entrustment is a constantly evolving process that is at work from very simple
tasks (i.e., entrusting someone else to cut a suture without cutting the knot) to the
entrustment of complex operations or difficult clinical decisions or ethical dilemmas.
Much of what goes in the development of entrustment during a resident’s education
is unspoken and poorly defined. We have the sense of trusting some residents more
than others, and hopefully entrustability increases over the course of a resident’s
tenure, but defining specific goals or objectives and assessing completion of those
goals in a way that guides residents toward high levels of entrustability can be diffi-
cult. As with skill competence, however, clear definitions of entrustability will lead
to more efficient progression toward the ultimate goal of independent practice.

The entrustable professional activity (EPA) concept gives a conceptual frame-
work to help guide appropriate increasing entrustment of trainees. EPAs are “units
of professional practice, defined as tasks or responsibilities to be entrusted to the
unsupervised execution by a trainee once he or she has attained sufficient specific
competence” and are “independently executable, observable, and measurable in
their process and outcome, and therefore, suitable for entrustment decisions” [33].
The EPA model does not replace competency, but rather helps to break down a par-
ticular competency and translate it into clinical practice [33]. In fact, keeping the
end competency goals in mind can help direct assessment of individual EPAs along
the road to independent clinical practice. The ACGME Milestones project [34] pro-
vides help to guide faculty assessment of EPAs (i.e., safe performance of
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percutaneous nephrolithotomy) and waypoints along the path to those goals that are
both technical (i.e., demonstration of correct assembly and handling of endoscopic
equipment or safely achieving percutaneous access) and nontechnical (i.e., deciding
what imaging to order in the workup of a patient suspected to have a kidney stone).
A single EPA will typically include multiple core competencies such as medical
knowledge, patient care, and system-based practice and therefore is a useful model
for the integration of the competencies in clinical practice.

Fostering the increasing entrustability that is necessary for resident growth from
new intern to independent clinician is a delicate balance. It may be more difficult to
define and assess than medical knowledge of technical skill but is arguably of equal,
if not greater, importance to medical education. Because entrustability is more dif-
ficult to define, the chasm that must be crossed to reach the goal of independent
practice seems especially wide. Vygotsky’s concept of the zone of proximal devel-
opment (ZPD) may be helpful in this context because it breaks down the discrep-
ancy between a trainee’s starting point and eventual goal by more narrowly defining
the space between their current status and their next level in development [35, 36].
The real work of teaching then is safely and efficiently helping residents move along
each transition point. Doing this requires the appropriate interplay between the
teacher’s guidance and expectations and the learner’s efforts to meet those expecta-
tions and openness to honest feedback. If faculty provide too little room for resident
autonomy, growth will be hindered. If this continues over years, there is a risk that
residents will not be ready for independent practice. Alternatively, if given too much
autonomy too soon, there is a risk to patient safety as well as the possibility for a
significant setback in the entrustability relationship between the faculty and the resi-
dent that may slow progress in the long term. As the one controlling the teaching
relationship and the operating room, the faculty member has the most important role
in establishing the entrustability framework for the resident. The resident, however,
must then reciprocate by demonstrating their trustworthiness by preparing for tasks
assigned, independently seeking learning opportunities, and being open to correc-
tion from faculty. As residents move across each individual ZPD, there will be a
gradual shift from their role as observer to participant, to semiautonomous surgeon,
and to independent clinician. The faculty will have a reciprocal shift from instructor
to advisor and to active observer. This means that as a resident moves through train-
ing, it will be important for the faculty member not merely to correct mistakes but
eventually observe how the resident self-corrects during a case and problem solves
without the aid of faculty input. This will help ensure that when we graduate resi-
dents, we can say with confidence not only that we can vouch for what they have
done but what they will do in the future.

Learning Environment

The operating room can be an intimidating and busy environment. Depending
on the level of the resident, this can be a very fresh or very familiar space. We
often don’t recognize that our first year and second year residents have limited
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experiences in the operating room, while our senior residents have learned to
negotiate the intricacies of the operating room quite well.

All educators can agree without references and science that an environment con-
ducive to learning will produce better-trained residents. The body of surgical educa-
tional literature focuses on surgeons and teachers and more recently toward residents
as learners. However, we have not addressed the learning environment of the operat-
ing room and how it can be optimized.

The challenges of the learning environment can be divided into these
domains [37]:

e The physical environment

¢ Emotional impact of surgery as work
e Challenge of the educational task

e Managing social relationships

Learners must learn to negotiate the physical environment of the operating room.
There are appropriate etiquette and protocols as learners familiarize themselves
with the operating room culture [38]. The nuisances, complexity, and particulars of
a surgical procedure determine the allocation and sequence of all work and interac-
tion, including when and how the teaching takes place. For example, a resident can
become completely detached from teaching during a case where a faculty member
is performing an independent task. This can also occur during a really complex case
where two faculty members are working together. Surgery is serious work, and
there is clear element of risk. During periods of intense concentration and team-
work, teaching material cannot be distilled easily to extract only the most interest-
ing, useful, or critical bits.

The operating room environment can be counterproductive to learning. Residents
can have the fear of appearing foolish as questions they ask and can be repeated to
them as questions they should know the answer to rather than questions that lead to
inquiry and teaching. Of course, there is a balance in expectations based on the level
of the learner, but the teaching value of the case may change based on the enabling
of inquiry allowed by the team members.

Managing the educational task is different for the level of the resident and is
also very different for other learners present like medical students. For example,
the focus of a medical student would be to gain exposure and the requisite knowl-
edge to be able to pass an exam or achieve competence for future career goals.
Relevance and utility of the learning is a significant driver. The residents’ educa-
tional task is not only to achieve evaluable competency for progression and pro-
motion but more importantly to gain the skill and knowledge to practice
independently upon graduation. This goal is often unrecognized and becomes
more urgent toward the end of training. Regardless, learners are worried about
lack of clear objectives and feedback in the learning environment to properly
manage the educational task [37].

Patricia Lyon developed an interpretive model of learning and teaching based on
her study of medical students as learners in the surgical environment [39]. Although
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her study does not include residents, it does drive home very important points about
managing the relationship of a teacher and learner.

The central concept of her model is a process called “sizing up.” Surgeons and
learners are engaged in a continuous dynamic of observation of each other’s behav-
iors. Surgeons have to consider the task at hand, manage the operating room team,
as well as teach technical skills and meaningful concepts. They “size up” the learner
and gage the level of motivation and commitment, which in turn translates to how
they respond as teachers. Levels of motivation and commitment can be demon-
strated by preparedness, inquisitiveness, engagement, attitude, and demeanor.
Legitimacy and trust are central to the processes of teaching and learning in the
operating room.

The learning environment of the operating room starts with a commitment in the
training program that teaching and learning are essential components of the daily
activity. Faculty need to engage the learner and have clear learning objectives as the
surgical day begins. Residents need to come in prepared and motivated so when
they are “sized up,” their teachers sense the commitment and reciprocate via an
engaged process in which they constantly look for opportunities to meet the objec-
tives and advance the training of the resident.

Needs Assessment to Set the Stage of the Learning
Environment

Teaching in the operating room rarely starts with a needs assessment. Residents are
assigned to cases based on some internal institutional culture. These could be
assignments based on service models, mentorship models, or chief residents assign-
ing cases based on seniority and perceived level appropriateness. Busy academic
practices challenge these models greatly since operative opportunities and learning
are more numerous than the available resident compliments.

Surgical faculty and residents have different perceptions regarding the residents’
learning needs. The disparity between faculty and resident perception of residents’
learning needs in the operating room was demonstrated by Pugh et al. in a study
designed to evaluate learning resources utilized by residents when preparing for
surgical cases [40]. This underscores the importance of residents to be included in
needs assessments relating to surgical training.

Residents come to the operating room with differing learning needs that are
dependent on expectations, learning styles, skill level, knowledge, and experience.
Their self-assessment and preparation for a case may start with the case assignment.
There is minimal faculty input at this level. Residents will utilize variable resources
including surgical atlases, surgical texts, advice from colleagues, web resources,
videos, as well as previous operative reports [41].

More often than not, the faculty surgeon sees the assisting resident in the operat-
ing room as the patient is being prepared for surgery. Although the time from patient
setup to beginning of procedure is short, a conversation around needs assessment is
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a very integral part of establishing the learning environment. It may include the

following:

* Have you done this case before and how many?

Advantage

Disadvantage

Identifies if resident has participated in a
similar case

Previous participation does not guarantee retention
of concepts/skills demonstrated or taught

Can serve as a rough marker for resident
familiarity and comfort with case

Number of cases scrubbed may not be a metric of
familiarity and comfort

* What are the indications, potential approaches, positioning, and preparatory

considerations?

Advantage

Disadvantage

Identifies if resident has reviewed patient chart

Having reviewed patient chart may not
give the resident insight into alternatives
and decision-making

Identifies if resident has reviewed available
resources like surgical texts and videos. Faculty can
assess if resources being utilized are appropriate.
For more advanced teaching environments, this can

Surgical approaches are not tailor-made,
and preparatory considerations involve
higher level of thinking like potential for
blood loss, postoperative pain control,

lead to standardization in case preparation resources | etc.
e Outline the steps of the case
Advantage Disadvantage

Identifies if resident has reviewed surgical atlas,

texts, and videos

Previous participation does not guarantee
retention of concepts/skills demonstrated or
taught

Enables resident to demonstrate being able to

articulate steps of a case in discrete and

anatomical terms. For advanced residents,
selection of instruments and surgical technique

can be incorporated into this approach

May not translate into surgical skill, comfort
with technique, as well as instrument
selection. Being able to identify surgical
tasks may not lead to accomplishing surgical
goals

e Which parts of the case are you comfortable performing and which require addi-

tional coaching?

Advantage

Disadvantage

Identifies if resident has engaged in
self-assessment

Subjective assessment of residents” own skills may
not be accurate

Resident training in the operating room tends to be highly focused on operative
techniques, as the goal is to successfully complete the technical aspects of a surgi-
cal procedure. Performing a needs assessment with the residents cannot be limited
to technical aspects and speaks to a larger need for a comprehensive
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curriculum-based focus on both technical and nontechnical competencies.
Although popular didactic conferences like “indications conference” can serve
these goals, they are not individualized to the learner. If surgical teaching is to
incorporate a needs assessment, then the teaching and assessment need to begin
well before the patient is being prepared for surgery. Needs assessment of surgical
education has many opportunities for training programs in patient-centered com-
munication, learning models, training in interprofessional/interdisciplinary team
communication, and teamwork [42].

Learning Model

The first part of the chapter covers limitations of the current assessment methods.
There is evidence that observational assessment of technical skills is valid and sup-
ported, but the majority of studies don’t achieve a comprehensive analysis as judged
on a systematic review [43]. Additionally, most checklist forms demonstrate poorer
evidence of validity and reliability.

Many evaluation tools use scale systems and numbered scores. Narrative evalu-
ations are also picking up much attraction and being more effective. Experienced
teaching faculty often find scales and scoring methods cumbersome and use experi-
ence to teach and often teach very well. Standardized vocabulary, framework, and
articulating descriptive operating room teaching and assessment can help establish
teaching practices that not only help teachers evaluate learners but also track their
performance from a task orientation and goal orientation.

DaRosa et al. have reported on the “Zwisch model” which seeks to accomplish a
standardization in the conceptualization of the learning model [44]. The model pro-
poses four stages of supervision and divides faculty and resident behaviors for each
stage. These are summarized in Table 8.1 and adopted from the referenced article.
Again, these may seem intuitive to experienced teachers. However, it can give fac-
ulty and residents a common language for expectations and needs assessments.
Additionally, it may at some point translate into mapping milestones of surgical
technique.

Show and Tell Stage [44]

In the needs assessment, the faculty and resident will establish that the resident is
not experienced at the case and will be a focused observer and assistant. The resi-
dent should come into the case prepared having consulted the appropriate surgical
texts and/or videos and have reviewed the patient’s chart thoroughly. The faculty
has to be an active teacher in this environment. The attending “shows” and “tells”
the resident key aspects of the case in a “thinking aloud” method. There should be a
running commentary during the case that imparts the important technical points and



8 Teaching in the Operating Room

153

Table 8.1 Model for teaching and assessment in the operating room [44]

Zwisch stage of
supervision

Attending behaviors

Resident behavior

Show and tell

Performs majority of surgery
Narrates and articulates steps of
the case

Demonstrates key concepts,
anatomy, and skills

Engages as focused and active learner
First assists and observes
Opens and closes

Graduating step

Actively assists and anticipates
surgeon’s needs

Smart help

Shifts between surgeon and
assistant

Leads resident as first assistant
when resident in surgeon role
Obtains and optimizes exposure
and identifies anatomical
landmark

Demonstrates planes and
structures

Coaches technical skills, next
steps

Shifts between surgeon and assistant
Knowledgeable about all the
component technical skills
Demonstrates increasing ability to
perform key parts with attending
assistance

Graduating step

Able to perform majority of steps
with attending assistance

Dumb help

Assists and commits to follow
the lead of the resident
Coaches refining of techniques

Able to stage, set up, and accomplish
next step with increasing efficiency
Recognized critical transition points

Graduating step

Can transition between all steps with
passive assistance

No help

Monitor progress and patient
safety
Very little unsolicited advice

Can work with inexperienced first
assist

Safely complete procedure without
attending help

Can recover most errors

Recognizes when to seek help/advice

decision-making points of the procedure. The resident should be engaged in focused

observation and assists as the attending teaches:

e Instrument handling
e Exposure of pertinent anatomy and tissue planes

¢ Hand positioning with hand bracing and demonstration
e Tips and techniques

The resident should assist and anticipate the next steps of the procedure, verbal-
ize understanding, answer questions, and ask questions that demonstrate a higher
level of understanding.
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In order to graduate to the next step, the resident must demonstrate:

¢ Having done the homework

e Understanding of indications and approach

e Understanding of anatomy and pathophysiology

e Being able to articulate procedural steps

e Understanding of the key decision-making parts of the case
e Understanding of potential errors/complications

The focus in this stage is priming the resident for task-oriented steps, and the
learning environment is very active. The attending must be invested to teach and
find the learner motivated and committed as “sizing up” happens.

Smart Help Stage [44]

The resident at this stage will assume the role of surgeon for parts of the surgery. In
the needs assessment, the attending will review expectations and judge patient com-
plexity, and then based on the resident’s level, the resident and attending will decide
the expectations regarding which parts of the surgery the resident will perform. The
understanding is that the role of surgeon and assistant is fluid between the faculty
and residents. The attending taking over as surgeon is not a criticism of the resident
but rather part and parcel of the instructional strategy in which the surgeon role is
“fair play.” Residents perceive faculty takeovers negatively as unfair and indicative
of poor teaching [45]. The negative perception can be curtailed in an active learning
environment where expectations are reviewed in advance. When the resident is per-
forming as the surgeon, the faculty is engaged in instruction, constructive criticism,
and encouragement toward independence. The resident can be very task oriented in
the beginning levels of this stage and become more goal oriented in the advanced
levels of this stage.
The graduating steps are:

e Resident is technically capable.

¢ Resident can safely perform the major and key portions of the case with minimal
correction or direction.

e Resident knows all the steps of the operation.

Dumb Help Stage [44]

In the needs assessment, the resident and attending agree that although the resident
can technically perform most major components of the surgery, the resident still
requires attending’s help in providing anatomical exposure as well as first assistance
from the attending or from someone with a higher level of understanding of the
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surgery. The attending should assume the first assist role with the expectation that the
surgeon’s role is for the resident unless the attending can anticipate the development
of a problem. The coaching from the attending is fine adjustments of techniques,
alternative techniques, and taking note of teaching points and feedback.

The resident at the beginning levels of this stage that is goal oriented however
still relies on the passive actions of a skilled assistant in the attending. The resident
needs to lead the case, ask for appropriate instruments, set up adequate exposure,
anticipate needs, and communicate with operating room team regarding specimen,
medications, etc. In order for residents to take full advantage of the learning in this
stage, the attending needs to fight the temptation of continuous verbal and techni-
cal feedback. The residents should be allowed to safely struggle, refine their tech-
niques, and practice their problem-solving skills to gain confidence in their
abilities.

The resident need not only complete the requisite tasks but also be able to criti-
cally think through key transition points and guide the progress of the surgery.
When the resident is able to accomplish this with minimal input from attending,
then the graduating step has been reached.

No Help Stage [44]

The needs assessment of a resident at this stage would indicate that the resident is
able to perform the procedure independently without help. The resident may at this
stage advance into a teaching role for a junior resident. The attending does not need
to actively participate but be present. The coaching would be limited to refining
technique and reviewing higher levels of understanding, generating hypothesis, and
advanced treatment planning.

Limitations here would be that the no help stage may not be applicable to some
major operative cases. For example, we would not expect nor allow our residents
to perform a radical nephrectomy and caval thrombectomy independently. These
types of surgeries may incorporate various stages at different phases of the proce-
dure. The resident may be in “no help” phase during exposure of the retroperito-
neum, “dumb help” for lateral and inferior mobilization, “smart help” for hilar
dissection, and maybe “show and tell” for caval thrombectomy. Obviously, these
can vary.

Expectations in the operating rooms are often not stated. There is data that sup-
ports that often expectations of residents don’t match with expectations of attending
surgeons [46]. Residents often feel they don’t get enough feedback or that their
attendings “hog” the case so they don’t get enough independence to advance.
Attendings feel residents are too indifferent, come ill prepared, and don’t under-
stand the value of learning by observation and in stages.

An approach that assesses needs, sets expectations, follows an instructional
model which is clear, standardizes the vocabulary, and values the learning environ-
ment can align all involved toward patient safety and excellent training.
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Nontechnical Skills

The learning model can incorporate nontechnical skills, which are often harder to
teach and even harder to assess. Since the technical aspect of the learning often
comes first, teaching and evaluation of nontechnical skills assume some level of
independence. Evaluation and teaching of nontechnical skills are best suited for
more senior residents. However, the learning environment can encourage observa-
tion and identification of nontechnical skills for junior residents especially in an
active learning environment, which points out these essential skills. Examples of
nontechnical skills include:

* Forward planning: the ability to anticipate needs and think ahead to set up the
operative field in an optimum fashion [47]

* Self-direction: refers to the demeanor of the trainee

* Professional conduct

» Staying focused

e Slow down when appropriate
Expert surgeons are able to slow down and transition from fast and rote tasks
toward more focused and analytic behavior [48]. Fatigue, distractions, lack of
experience, failing to recognize critical information, overconfidence, and favor-
ing speed can compromise this ability:

* Accept and respond to feedback

* Recognizes when to seek help/advice

* Judgment and patient safety: the ability to recognize and solve problems and to
avoid and recover from errors and unexpected events [49]

* Assess and interpret cues and provide team leadership: best practice, resource
usage, and time management

The assessment of these abilities can be made by direct observations in the oper-
ating room or also in simulation exercises. These skills incorporate into a learning
model, which encourages the resident to articulate the steps of the case in a needs
assessment exercise and also during the operation. Facilitating steps can be taken.
For example, attendings should also allow pauses so the resident is prompted to
think of the next step. Often as residents are completing a part of the case, the
attending physician is preparing for the next step.

The attending can also prompt the forward progress by asking “what should you
be thinking of next as you finish...?” or “what if you were not able to identify the
ureter as the peritoneum is incised...?” By allowing responding to prompts, the resi-
dent can demonstrate critical slowing down. Additionally, the attending can discern
lack of confidence or tameness from a fundamental knowledge gap or lack of
experience.

Response to feedback is very insightful for all level of learners. This has been
covered in the earlier section of the chapter. Feedback needs to be constructive from
the teacher. The acceptance of feedback shows a willingness to improve and also
regard for the teacher, which helps in the “sizing up” and helps the teacher be more
committed to the learning environment.
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Mental rehearsal can also play a role in promoting resident learning as regards to
nontechnical training. Rehearsal of tasks is well studied in sports and music and
also supported as an effective strategy in surgery [50]. Residents can again focus on
needs assessment exercises, which rehearse critical oversteps in their mind without
physical movement or equipment.

There are definite difficulties in carrying nontechnical skills from an operating
room to a simulated environment. In other words, deconstructing a task or a set of
steps can be challenging when it is not real. Cognitive psychology research teaches
us that it is hard to capture critical decision-making steps because experts rely on
knowledge that has become automated and is no longer accessible to consciousness
and therefore difficult to recall [51]. Tackling a task like life-threatening bleeding
from the vena cava results in an expert surgeon following a series of steps like hold-
ing pressure, clamping, asking for sutures, looking at monitors, communicating
with anesthesia, asking for blood, and requesting backup just to name a few. Expert
surgeons have somehow learned these tasks and can negotiate difficult situations
while maintain patient safety. The attending may not be able to impart similar
knowledge in a mental rehearsal or simulation exercise. Steps can be taken to for-
ward the cause using cognitive task analysis in which automated skills are decon-
structed to create a checklist of critical decision-making steps and options to avoid
error and teach decision-making. Incorporating cognitive task analysis has proven
to be an effective tool in improving insertion of percutaneous tracheostomy [52].
Creating a checklist for more complex surgery can be cumbersome; it can be a
focused effort on critical aspect of a case, for example, control of the dorsal venous
complex during a radical prostatectomy.

Briefing, intraoperative teaching, and debriefing:

e Briefing: needs assessment and setting specific performance targets
— Can be one or multiple objectives
— Could be based on stage of learning
¢ Intraoperative teaching
— Attending teaches to the objective
— Redefines objectives as needed
— Provides coaching to accomplish objective
e Debriefing
— Feedback after the case which addresses the objective(s)
— Create learning plan
— Review progress on stages within learning model

Conclusion

Teaching in the operating room is a complex task with many challenges. It is
clear that improvements need to be made on how residents are taught, evalu-
ated, assessed, and graduated to be able to not only perform safe and effective
procedures but also manage difficult situations and the operating room envi-
ronment. The concepts of creating a learning environment, thoughtful assess-
ments, needs assessment, clear expectations, commitment and preparedness,
entrustability, learning model, feedback, needs assessment, acquiring technical
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and nontechnical skills, and debriefing are central to effective teaching in the
operating room and need be embraced. There are several evaluation tools,
smart apps, checklists, narrative evaluations, milestones, and learning models
that can be incorporated into teaching in the operating room. The most effec-
tive method will continue to evolve. Until then, teachers and residents need to
fully commit to teaching and learning in the operating room.
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Resident Duty Hours in Surgical
Education

David J. Rea and Matthew Smith

The topic of duty hours in surgical education is one that stirs a great deal of emotion
in all surgeons. As surgeons, we are products of our own training environments and
inherently biased about how the time spent in patient care and educational endeav-
ors has shaped our current abilities and surgical careers. It is not uncommon for a
group of surgeons to wax poetic about our training programs, the “surgical giants”
who influenced us in both a positive and negative manner, and the tragicomic events
that have taught us important lessons about patients and surgical disease that we find
fundamental to our personal approach to surgical problems. The rigors of the surgi-
cal education process have made an indelible imprint on our lives as “physicians
who operate.”

The heart of the many debates of the role of duty hours in surgical education has
been the question of how much “time” is needed to educate a knowledgeable and
technically competent surgeon who can independently take care of surgical patients.
The research of psychologist K. Anders Ericsson has extensively evaluated high
performing individuals, and his findings have suggested that it takes about
10,000 hours of deliberate practice to attain expert performance [1]. This
10,000 hours has been studied across varied disciplines including music, sports, and
medicine [2]. A similar thesis has been argued by Colvin in his book Talent is
Overrated [3]. Whatever natural aptitude we have can be supplanted by deliberate
practice with highly skilled coaching to guide our activities. How does this apply to
what surgeons do? Is it valid to compare practicing a musical instrument or a golf
swing to the breadth of knowledge that surgical residents must master to adequately
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diagnose, manage, and treat patients with surgical problems? Many professionals
involved in teaching learners would argue that surgical residents learn at different
rates depending on the task and the characteristics of the learner, and so a one size
fits all, time-based approach is too narrow.

As surgeons we have all been exposed to the aphorisms of our elders, which usu-
ally sound something like this. “The problem with being on call only every other
night is that you miss half of the good cases!” In this staid witticism is the assump-
tion that spending more time in the care of patients results in a greater breadth and
depth of knowledge that will ultimately make one a better surgeon. The other unfor-
tunate assumption is that unless you spend extraordinary hours in the care of
patients, you will not be as prepared as you could be (or should be) for the chal-
lenges of a surgical career. As stated in a commentary written in the Journal of the
American Medical Association, “Extensive duty hours are a necessary component
of resident education and a public symbol of a profession that requires hard work
and dedication.” [4].

It was common knowledge that the work hours for residents often exceeded
80 hours per week, and this was especially true of surgical training programs. In the
historical past, residents often lived in the hospitals where they trained (hence the
origin of the name “residents”) taking call every other night. While in the more
modern era, the situation is not that extreme, for all intents and purposes there was
only incremental change. In a cross-sectional study conducted by the ACGME of
weekly work hours by a postgraduate year PGY-1 and PGY-2 residents across mul-
tiple specialties, it was found that general surgery residents worked on average
102-105 hours per week. Eighty-nine percent of residents exceeded the “80-hour”
workweek [5]. Similar violations of the 80-h workweek were seen in neurologic
surgery (110 h per week), orthopedic surgery (93 h per week), urology (98 h per
week), and obstetrics-gynecology (91 h per week). Resident physicians more likely
to have higher than average work hours included those who were male, single,
childless, and at the PGY-1 level. Conversely, those with lower than average work
hours included PGY-2 level, married residents, those with children, and female resi-
dents. Other studies corroborate this data [6].

There are certainly detrimental effects to spending long hours performing the
work required of a resident physician. The realm of cognitive and psychomotor
performance, sleep deprivation has been well studied. In 1971, Friedman et al. pub-
lished a study that demonstrated after sleep deprivation of an actual night on call;
interns made significantly more errors interpreting an electrocardiogram than when
they were in a rested state [7]. More recent work has shown that sleep deprivation
can lead to increased serious medical errors in residents when they are actually
practicing medicine, as opposed to in simulated medical scenarios. In the study by
Landrigan et al., they observed the incidence of medical errors made by internal
medicine interns who worked in the medical intensive care unit and cardiac inten-
sive care unit [8]. In the traditional model of resident work hours, interns worked
77-81 h per week with up to 34 h of continuous duty; in contrast, the intervention
group worked 60-63 h per week with up to 16 h of continuous duty. Interns that
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worked a traditional schedule made 36% more serious medical errors than interns
who were in the intervention group, despite no significant difference in patient acu-
ity. The majority of these errors were medication related, but the rate of diagnostic
errors was 5.6 times that of the intervention group. Interestingly, the rate of proce-
dural errors was low and similar between the two groups.

Other studies confirm that sleep deprivation does have a measurable effect on
psychomotor ability of surgical residents. Grantcharov et al. demonstrated that a
typical night on call (with little to no sleep) resulted in a significantly longer time
to complete laparoscopic tasks, more task errors, and unnecessary movements than
in a rested state [9]. Similar results have been reported by other authors using lapa-
roscopic simulators and other modalities. Studies also suggest that one night of
sleep deprivation (less than 3 hours of sleep in a 24-hour shift) creates a psychomo-
tor impairment that equivalents to being legally intoxicated [10]. Various studies
have both corroborated and refuted the assertation that sleep deprivation impairs
surgical ability [11-13]. To quote Dr. Thomas McCall’s perspective on resident
fatigue, “Common sense suggest resident’s abilities are impaired by fatigue. Few
would choose to ride in a car driven by a resident coming off a 36-hour shift” [14].

The effects of fatigue on resident well-being have been extensively studied. In
the early work by Friedman et al., interns scored significantly less in areas of sur-
gency (exhibiting high levels of positive affect), vigor, elation, egotism, and social
affection when fatigued as opposed to rested. Not surprisingly, fatigue left them
feeling more sadness [6]. In a review of studies that examined the effects of sleep
deprivation and fatigue on resident physicians, Samkoff and Jaques outlined the
findings from numerous studies that included manual dexterity, vigilance, and mood
[15]. It has been noted that sleep deprivation can lead to more sadness and less
social affection in resident physicians. Additionally, sleep deprivation led to psy-
chological problems such as memory defects, depersonalization, irritability, diffi-
culty in thinking, depression, etc. Other studies have noted that resident physicians
have high rates of major depression and episodes of clinical depression. Even after
only 6 months of residency, interns have worse moods as manifested by increased
rates of anger, tension, confusion, depression, and fatigue. Even a single night of
sleep loss has been shown to increase mood issues, depression, anxiety, and demo-
tivation in residents. Extended work hours can also have deleterious physical conse-
quences for resident physicians as well. It has been shown that fatigued residents are
more likely to sustain needle stick injuries and significantly more likely to be
involved in motor vehicle accidents [16, 17].

To thoroughly explore the issues of how duty hours have impacted surgical edu-
cation, we aim to discuss the historical events that have catalyzed the changes in
resident physician work hours in the United States and how that event led to policy
changes that affected resident education. Then we aim explore attitudes of training
programs outside of the United States for purposes of comparison. We will then
review some contemporary data that supports a more flexible approach to the issue
of duty hours in the surgery and how this impacts patient care and resident
satisfaction.
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Historical Perspective

The case that brought to public attention of the issue of resident physician work
hours is that of Libby Zion. The story is well-known to those in the medical com-
munity and impeccably outlined by Brensilver and Asch [18, 19]. In March of 1984,
a young woman Libby Zion presented to a major New York teaching hospital with
fever and agitation. The patient’s care was provided by a team that included a resi-
dent and an intern. The patient’s clinical course was marked by increasing fever and
agitation, which ultimately ended up in cardiopulmonary arrest and death. Although
the actual cause of death was never determined, issues that became apparent during
the investigation was the lack of supervision of the resident team by the attending
physician, the delays in the patient being seen by the house staff, the use of physical
restraints, and the use of meperidine in a patient who is taking a monoamine oxidase
inhibitor (a drug-drug interaction that can cause serotonin syndrome, a likely con-
tributor to her death). Ms. Zion’s father, Sydney Zion, was a well-known New York
City attorney, former federal prosecutor, and newspaper magnate. Perhaps through
the influence of Mr. Zion, the case went to a grand jury approximately 3 years later
on criminal charges, but none were filed. There was criticism by the grand jury,
however, about the level of supervision of house staff. Following this, the New York
Department of Health initiated an investigation, but the findings were inconclusive
and only recommended censure of the involved medical providers. Subsequently,
the New York State Board of Regents again reviewed the case, and in this instance
the intern and resident were found guilty of gross negligence. The disciplinary
action imposed by the board included censure and reprimand of the residents,
however.

Following this board review, the New York City Health Commissioner formed a
commission whose task was to develop rules that would prevent similar occurrences
in the future. This committee was chaired by Dr. Bertrand Bell and was informally
known as the “Bell Commission.” Following its investigation, the Bell Commission
concluded that the Libby Zion case was marked by inadequate attending supervi-
sion and impaired house staff judgment due to fatigue, both of which contributed in
some fashion to the patient’s death. Recommendations were made for increasing
attending supervision and improved ancillary support for residents. The Bell
Commission also recommended work-hour limitations for house staff and emer-
gency room physicians. Trainees’ total weekly work schedule should be limited to
80 hours. Single shifts in the hospital should not exceed 24 hours, and emergency
room shifts should not exceed 12 hours.

These recommendations were incorporated into the New York State Health Code
by then Governor Mario Cuomo in October of 1988 and became effective in July of
1989. Unfortunately, the legislation laid down by the State of New York did not
result in timely compliance by many of the training programs that were affected.
For many years programs were not compliant, and because of lax enforcement by
the New York State Department of Health, these violations went unaddressed. The
impact of these regulations on resident training in New York did not go unnoticed.
In response to the potential economic impact of these regulations, it was calculated
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that the requirements for additional personnel and ancillary services in New York
State would require hiring over 5000 full-time personnel, which would cost state in
excess of $358 million dollars [20].

Changes in Duty-Hour Restrictions in the US Training Programs

The changes proposed by the Bell Commission and its application by the New York
State Board of Health catalyzed action by many groups to address the issue of resi-
dent work hours across the United States [5]. In April 2001, the Occupational Safety
and Health Administration (OSHA) was petitioned by multiple groups including
Public Citizen, the American Medical Student Association, The Committee of
Interns and Residents, and Drs. Bell and Strohl to create national regulations regard-
ing duty hours for all medical residents and fellows in the United States. Legislation
was also introduced in the House of Representative and in the Senate to make into
law the regulations that were being requested from OSHA. In late October of 2002,
the Occupational Safety and Health Administration denied this petition stating that,
“other knowledgeable groups are taking action on this problem.” It was clear that
government regulation of resident work hours was impending. Impressed to perhaps
exert control over the future of its own trainees, the American Association Medical
Colleges recommended an 80-hour workweek and published its policy shortly
thereafter. Similarly, the House of Delegates of the American Medical Association
also recommended an 80-hour workweek averaged over 2 weeks for US medical
residents and fellows, with a possible increase of up to 5% for some select pro-
grams. Finally, in February 2003, the Accreditation Council for Graduate Medical
Education (ACGME) whose mandate, “sets standards for US graduate medical edu-
cation (residency and fellowship) programs and the institutions that sponsors them,
and renders accreditation decisions based on compliance with these standards,”
approved its final version of its recommendations [21]. The work standards took
effect on July 1, 2003 and applied to all programs in all specialties. It set a limit of
an 80-hour workweek averaged over a 4-week period, every third night on call as a
maximum, and 1 day out of each 7 free from patient care responsibilities. Programs
also are required to give residents a minimum of 10-hour rest between duty periods.
Additionally, all “on call” activities were limited 24 hour plus an additional 6 h of
time for transfer of care, continuity of care, education, and didactic activities. It was
prohibited for new patient interactions to occur during this time. Up to 10% vari-
ance in specific cases was allowed for sound educational reasons. The ACGME
guidelines for 2003 are found in Table 9.1.

In response to duty-hour regulations, studies documented both a positive and
negative impact on the surgical residency experience. In a survey of general surgery
programs in New York State, Whang et al. examined resident attitudes to the changes
mandated by the “405 Regulations” (i.e., the Bell Commission recommendations)
[22]. The majority of residents felt “more rested” and had “a better quality of life
outside of the hospital” after implementing the regulations. Many residents felt that
there was a decrease in the quality of their work, the quality of their training, and the
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Table 9.1 Summary of existing and new ACGME rules for supervision and duty hours for resi-
dency and fellowship programs

2010 ACGME standards (Effective

Rule 2003 ACGME standards July 2011)

Supervision

Supervision Adequate supervision is required for | PGY-1 residents must have direct

all residents supervision from an upper-level

resident or attending physician
who is on site and immediately
available to provide assistance at
all times

Duty hours

Maximum hours
of work per week

Work is limited to 80 h per week,
averaged over 4 weeks; internal
moonlighting is included

Work is limited to 80 h per week,
averaged over 4 weeks; all
moonlighting (internal or external)
must be included

Mandatory time
free of duty

Residents must have 1 day free from
educational and clinical
responsibilities in 7 days, averaged
over 4 weeks

Residents must have 1 day free of
duty every 7 days, averaged over
4 weeks; at-home call cannot be
assigned during these days

Maximum length
of duty period

No new patients may be accepted
after 24 h on duty. Residents may
remain on duty for an additional 6 h
to participate in didactic activities,
transfer care of patients, conduct
outpatient clinics, and maintain
continuity of medical and surgical
care

Duty periods of PGY-1 residents
must not exceed 16 h in duration.
Duty periods of PGY-2 residents
and above may be scheduled to a
maximum of 24 h with an
additional 4 h to complete work;
no clinic or admissions after 24 h

Minimum time

There should be a 10-h period

Residents must have 8 h between

off between between all daily duty periods and duty periods and should have 10 h
scheduled duty after in-house call between duty periods. Residents
periods must have at least 14 h free of duty
after 24 h of in-house duty

Call

Maximum In-house call can occur no more PGY-2 residents and above must
in-house on-call | frequently than every third night, be scheduled for in-house call no
frequency averaged over 4 weeks more frequently than every third

night

At-home call

Hours spent in the hospital while on
at-home call must count toward the
80-h workweek limit

Time spent in the hospital by
residents on at-home call must
count toward the 80-h workweek

Maximum
frequency of
in-house night
float

NA

Residents must not be scheduled
for more than 6 consecutive nights
of night float

NA denotes not applicable, PGY postgraduate year
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quality of patient care and a decrease in the continuity of care of their patients. They
also felt there was a decline in the case volume and a shifting of responsibility from
the junior residents to the senior residents.

A second study surveying residents on the cusp of the ACGME-mandated change
in resident duty hours also highlighted the potential positive and negative impacts of
the changes [23]. In a sampling of resident from programs in New England, the
majority of respondents to the survey were “happy” and “would choose surgery
again” if in medical school (81% and 78%, respectively). The majority felt that the
ACGME restrictions would have a positive or very positive effect on their personal
lives (82%) and work life (62%), while nearly 30% said that there would be a nega-
tive or very negative effect on patient care. Seventy-five percent of the junior-level
residents felt that “work hour limits would have a positive impact on resident work
life,” as compared to only 26% of the senior-level residents. Fifty-eight percent of
the junior-level residents felt that “work hour limits would have a positive impact on
patient care,” as compared to only 26% of the senior-level residents. When asked to
describe their “ideal” schedule, these residents thought that every fourth night on
call and 85-86 hours per week was preferred.

More detailed data was provided by Barden et al. from Weill Medical College in
New York City, as they reported on the outcomes of complying with the Bell
Commission recommendations as applied to their surgical residents before and after
the limitations [24]. As work hours decreased, they saw a statistically significant
increase in the ABSITE (American Board of Surgery In-Training Exam) score for
the junior residents, but this did not translate to a similar increase in performance for
the senior residents. Contrary to the data from the survey by Whang et al., the num-
ber of cases for the graduating senior residents actually increased after implement-
ing the 80-hour workweek. Additionally, it was felt that while there was an
improvement in resident quality of life, they felt that the continuity of care suffered
as a result. There was also a feeling by the residents and faculty that the limitation
of work hours did not improve basic science knowledge or clinical decision-mak-
ing. Sadly, the conclusion of this study was “that both residents and faculty have
serious concerns about the impact of work hour reductions on the quality of surgical
training and patient care,” suggesting that coming duty-hour reforms would be
viewed poorly by surgery educators and trainees.

Duty Hours in Non-US Training Programs

The issue of duty hours for resident physicians is not only an issue that became
important to trainees in the United States. The public concern over the details of the
Libby Zion case did have a ripple effect for other training programs in Western
European countries. Not all countries changed their practice policies quickly, how-
ever. Most of the changes in work hours in Canada, Europe, and elsewhere outside
of the United States are driven by issues surrounding resident well-being and fatigue
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more than purely a patient safety issue. The resident training system in Canada is
managed in a provincial fashion, and as of recently, there were no nationalized stan-
dards for resident work hours. In most provinces, there was a 24-hour maximum of
consecutive work hours with a time set aside for “handover” of patients. In Canada,
in-house call and home call are treated differently so that residents can work up to
and over 80 hours in a 7-day period depending on the breakdown of their call sched-
ule. In 2011, however, a Quebecois labor arbitrator successfully argued that a con-
secutive 24-hour shift was dangerous to the resident’s health and violated provincial
and national charters. This eventually resulted in a maximum work shift of 16 con-
secutive hours in Quebec. Currently, a task force is underway in formulating a uni-
versal consensus from national stakeholders [25].

Major changes in resident duty hours occurred shortly after the Libby Zion
case in Europe. Work hours are governed by the European Working Time
Directive (EWTD), whose focus is to protect the health and welfare of all work-
ers in the European Union (EU) nations. This directive has several elements,
including a 48-hour workweek, 11 hours of rest between 24-hour duty periods,
a minimum of one 24-hour period off every 7 days, and a maximum shift of
8 hours for “stressful” positions. These guidelines have been in place for all
workers but started to apply to resident physicians in 2008 [26]. The compliance
of the EU nations is highly variable. Denmark has been compliant and, in fact,
has an even lower 37-hour workweek. Sweden and Norway also have a 40 hours
workweek for resident physicians that has been in place since prior to EWTD
[27, 28]. Finland and Germany are felt to be compliant although hard data is
lacking. The United Kingdom fully adopted the EWTD in 2009, but some
reports suggest that a significant proportion of junior doctors are exceeding the
maximum work hours [29]. It is unknown whether the other EU member nations
are compliant as no data exists. It is felt by authorities that they are probably
not, but some member nations recently became part of EU and may not have
been able to adopt the EWTD quickly. With the impending withdrawal of the
United Kingdom (and perhaps other nations) from the EU, it will be interesting
to see if EWTD restrictions are preserved or discarded in favor of new regula-
tions. In Australia and New Zealand, the training scheme has begun to fall into
line with the framework of the EWTD.

The severely limited work hours for non-US resident physicians have been
viewed with derision by medical educators in the United States as it seems that the
hours spent training seem impossibly limited. Many of these changes have occurred
in the recent past, and it may be too early to determine if these training paradigms
will continue to be successful in producing high-quality physicians in the surgical
specialties. It is perhaps sobering to remember that some of the working time limita-
tions also apply to the attending (consultant) physicians in these countries, and
therefore other physicians cannot compensate for diminished working hours. If
these countries can continue to produce competent and knowledgeable surgeons
under greater time constraints, perhaps we in the United States could adopt some of
the methods to increase the efficiency of our training programs.
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Repercussions of the 80-Hour Era

Following the implementation of the 2003 ACGME work-hour restrictions, numer-
ous studies were published on the theme of duty-hour restrictions. Compliance with
the new duty-hour requirement was found to be lacking. With the restriction of resi-
dent work hours, it was felt by some that surgical residents were graduating with
less surgical experience and familiarity with specific surgical procedures. Fonseca
and coworkers reported that graduating chief residents lacked appropriate confi-
dence in elements of vascular surgery and flexible endoscopy [30-32]. The level of
confidence seemed to relate to program size, case volume, and geography, among
other things. Additional work from the same group also suggested that a laparo-
scopic intensive training program also diminished confidence in open surgical pro-
cedures. Other studies have disputed this finding and noted that the majority of chief
residents were comfortable to go directly into practice, especially if they graduated
with more than 950 cases during their residency [33]. Additionally, 80% felt com-
fortable being on call at a level I trauma center. Procedures that engendered the most
discomfort included bile duct explorations, pancreaticoduodenectomies, hepatic
lobectomies, and esophagectomies. The later finding is not surprising as the volume
of these cases tend to be clustered at higher volume centers with a strong presence
of surgery fellows, which means most residents in training have a limited exposure
to these cases.

In a similar vein, the readiness of residents for surgical practice became a vital
issue as residents began to graduate wholly trained under the ACGME guidelines
that began in 2003. Napolitano et al. surveyed “young surgeons” and “older sur-
geons” about their readiness for surgical practice after graduation and found sig-
nificantly differing views [34]. The surveyed young surgeons were Fellows of the
American College of Surgeons (ACS) less than age 45, while the older surgeons
were also ACS Fellows over the age of 45. The response rate in this survey was
10% in both groups; 94% of young surgeons agreed or strongly agreed they were
ready for practice after graduation, whereas 59% of older surgeons agreed or
strongly agreed with that statement. A similar disparity was evident when asked if
they were ready for a surgery attending role. The older surgeons’ comments were
directed mainly at issues with residency training and limited work hours, while
younger surgeons’ comments were centered on unfamiliarity with the business side
of surgery.

Other literature has been published that examined the effects of duty-hour
reforms on graduating surgical resident case volumes before and after the change.
Ferguson et al. reported that at Harvard Medical School, case volume in general and
vascular surgery did not change during this period [35]. It was noted that graduating
chief residents (PGY-5) performed more cases after the duty-hour reforms went into
effect, mainly due to increased cases on their private practice general surgery ser-
vice. The case volumes of the PGY-1 through PGY-4 residents did not change dur-
ing the transition period. Other single institution reports painted a bleaker picture of
resident operative volume as a result of the duty-hour changes. In a report from
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Carlin et al. from Henry Ford Hospital, there was a significant decrease in operative
volume that occurred after July 2003 [36]. Their analysis found a significant
decrease in operative case volume in the PGY-1, PGY-2, and PGY-4 residents. The
PGY-3 and PGY-5 years appeared unaffected as noted in the article by Ferguson.
This decline in volume was noted for their role as primary surgeon, first assistant, or
teaching assistant roles. These two manuscripts suggested that the work hour’s
restrictions caused a shift of operative cases to the more senior resident years from
the junior resident years. This is worrisome as the burden of operative teaching
would then be spread over fewer years, with less time to work on basic operative
skills prior to needing to master more complicated material.

A larger review of operative case logs submitted to the ACGME as mandated for
graduating chief residents in general surgery demonstrated overall stability in chief
resident case numbers [37]. The number of total cases performed by resident in the
year prior to duty-hour reforms (2002-2003, mean = 938) was no different than
after (20032004, mean = 932). The number of cases performed as a chief resident
was also the same across these years as well (2002-2003, mean = 249 vs. 2003—
2004, mean = 246). This number of cases also was in line with the average number
of chief cases for the prior 5 academic years studied and was well above the estab-
lished minimum of 150 cases set by the American Board of Surgery. Programs who
opted for the variance of an extra 8 hours per week of duty hours (15 programs at
that time) as offered by the ACGME did have more cases performed by their gradu-
ating chief residents, but no change was noted before or after July 2003.

A second large study that looked operative case volume reported there was a
significant change in surgical resident operative volume after the initiation of duty-
hour change in 2003 [38]. Despite the significant drop in total case numbers, since
the 2003-2004 academic year, there has been an annual increase of 8.8 total major
cases for graduating chief residents. When examining only the chief resident cases,
no significant change was noted after work-hour restrictions went into effect,
despite a prior trend of annual decline of 1.9 cases per year. This study also high-
lighted the change in case types over time for graduating chief residents. For exam-
ple, 47.1% of the total chief resident case volume was alimentary/intra-abdominal
for the earliest cohort (1989—-1993), compared to 65.2% in the most recent cohort
(2007-2010). In a similar fashion, there has been a decline in the percentage of
vascular cases performed as chief resident from 21.8% to 11.7% and in trauma
surgery from 8.6% to 3.4%. Some of these changes may reflect changes a shift
away from rotations that do not provided defined category (e.g., cardiac surgery)
for the RRC, the inability of fellows and chief residents to both log a case (thereby
shifting such cases to earlier years in training), and the rise of integrated programs
in areas like vascular surgery. A separate analysis looking specifically at trauma
operations found that there was no significant change in trauma operations after
July 2003 [39]. There has been a steady decline in the ACGME-designated opera-
tive trauma cases since 1989, when chief residents graduated with a mean of 72.5
trauma cases, compared to a mean of 39.3 since 1999. Clearly, this trend is based
on advances in the management of solid organ injury and the shift to non-opera-
tive/endovascular management [40, 41].
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In December of 2008, the Institute of Medicine (IOM) released a publication
entitled “Resident Duty Hours: Enhancing Sleep, Supervision, and Safety” [42].
This body was asked by Congress to evaluate the most recent evidence on the topic
of resident work hours and provide recommendations for schedules and patient
handoffs. The IOM cited the ACGME duty-hour changes from 2003 but felt that
current evidence that work-hour limits outlined in that recommendation were not
restrictive enough. Additionally, they highlighted the need for better resident super-
vision, appropriate workloads for residents, and accurate handoffs of patients. They
also recognized that different specialties have different types of patient complexities
and degree of intervention required, which would suggest that a “one size fits all”
approach to duty hours is inappropriate. Based on their findings and those of
Landrigan (noted previously) and Czeisler et al., the [IOM recommended changes to
resident duty hours as noted in Table 9.1 [8, 43]. The surgical community was not
particularly pleased with further reductions in duty hours [44]. The ACGME
reviewed the IOM report and published its own revision to the duty-hour standards
entitled, “The ACGME 2011 Duty Hour Standard - Enhancing Quality of Care,
Supervision and Resident Professional Development” [45]. Fundamentally, this
increased the intensity for resident supervision and curtailed work hours for interns
to 16 hours of continuous duty per shift.

Recent Developments in Duty-Hour Reforms

Out of concerns that further restrictions in resident duty hours may have serious
consequences for the breadth and depth of surgical resident training, the question
was asked whether we had been too conservative with our duty-hour restrictions and
if we could safely increase the hours worked by residents in a thoughtful manner
without a compromise in patient outcomes. With duty-hour changes now the “law
of the land,” no sweeping changes were likely to be made to reverse these changes
without carefully performed studies that occurred prospectively. To design a study
without reproach, it was now necessary to petition the ACGME to waive specific
duty-hour requirements for a large group of residents in order to randomize them to
the standard duty-hour arm (the current ACGME restrictions) or a more flexible
arm. Two separate studies were proposed, one to examine this question in general
surgery residents and in internal medicine residents. The Flexibility in Duty Hour
Requirement for Surgical Trainees (FIRST) trail was designed by relevant stake-
holders in surgical resident education [46, 47].

One hundred and seventeen general surgery programs were randomly assigned
to the current ACGME duty-hour policy group (59 programs; the standard-policy
group) or the more flexible policies (58 programs; the flexible-policy group). The
data obtained on patient-level outcomes came from reporting to the American
College of Surgeons National Quality Improvement Program (ACS NSQIP) by hos-
pitals affiliated with the surgical training programs that participated. The NSQIP
program has been well described elsewhere and includes data abstracted from the
patient medical record by trained abstractors; in this case they were not informed to
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which study arm the residents at their hospital were assigned [48-51]. The study
was of noninferiority design. The ACGME duty-hour restrictions that were waived
are shown in Table 9.2. Most of the programs chose to be flexible in the areas of
maximum shift length for interns and higher level residents, the minimum time off
between shifts, and 24-h call periods. The maximum work, week, and mandatory

time free of duty and on-call frequency were immutable.

Table 9.2 Duty-hour requirements and adherence rates according to study group

Standard-policy group Flexible-policy group
Adherent Adherent

Requirement Standard ACGME programs* programs*
category policies no. (%) Policies® no. (%)
Maximum shift | PGY 1 (interns): duty | 59 (100) PGY 1 (interns): duty 58 (100)
length periods may not periods can exceed

exceed 16 h 16 h

PGY 2-5 (residents): 59 (100) PGY 2-5 (residents): 49 (84)

duty periods may not duty periods can

exceed 28 h (24 h plus exceed 28 h (24 hr plus

4 h for transition) 4 h for transition)
Minimum time | Residents must have 59 (100) Residents are not 47 (81)
off between >8 h off between required to have
shifts shifts but should have >8-10 h off between

10 h off between shifts

shifts

Residents must have 57 (97) Residents are not 51 (88)

>14 h off after 24 h of required to have >14 h

continuous duty off after 24 h of

continuous duty

Maximum Residents must not — Residents must not —
work h/wk work >80 h/ week, work >80 h/week,

averaged over averaged over 4 weeks®

4 weeks®
Mandatory Residents must have | — Residents must have —
time free of 1 in every 7 days off 1 in every 7 days off
duty from all educational from all educational

and clinical duties, and clinical duties,

averaged over averaged over 4 weeksl|

4 weeks®
Frequency of Residents must not be | — Residents must notbe | —
on-call duty on call more on call more frequently

frequently than every than every third night

third night*

ACGME denotes Accreditation Council for Graduate Medical Education, and PGY postgraduate

year

*Program adherence was defined by residency program directors regarding which policies were
followed at their institution during the trial period (100% response rate)
"Residency programs assigned to the flexible-policy group were allowed to waive four ACGME
duty-hour requirements concerning maximum shift length and minimum time off between shifts
‘These ACGME duty-hour requirements remained the same in both study groups
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The study was conducted over a single academic year from July 1, 2014 to June
30, 2015. The randomized design created two well-balanced groups in regard to
residents, hospital metrics, residency program types, and patient populations under
study. The NSQIP database provided outcomes on 138,691 patients during the study
period. As shown in Fig. 9.1, the rate of primary outcomes (e.g., death or serious
complications) did not differ between the groups and met criteria for noninferiority.
In a similar fashion, the rate of the secondary outcomes was the same in each group
and also noninferior. The only exception was renal failure and failure to rescue,
which in the adjusted model did not meet criteria for noninferiority. Subgroup anal-
ysis of the type of surgery, risk of death, and surgical setting also showed no differ-
ence between the two study arms.

The resident-related outcomes in this study were obtained by a questionnaire
administered to participating residents (2220 in the standard-policy group and
2110 in the flexible-policy group) during the January 2015 ABSITE exam. Those
results are shown in Table 9.3. Importantly, there was no difference between resi-
dent dissatisfaction with education quality, overall well-being, patient safety, and
work hours between the standard-policy group and the flexible-policy group. The
flexible-policy group was significantly less likely to perceive a negative effect of

30-day postoperative Patients included

outcomes in analysis 0Odds ratio (92% CI)
Death or serious
complication 138,691
Unadjusted
Adjusted
Death 138,691
Unadjusted
Adjusted
Serious complication 138,691
Unadjusted
Adjusted
Any complication 138,691
Unadjusted
Adjusted
Failure to rescue 11,937
Unadjusted
Adjusted
Pneumonia 138,375
Unadjusted
Adjusted
Renal failure 138,596
Unadjusted
Adjusted
Unplanned reoperation 138,691
Unadjusted
Adjusted
ETED X 138,258 Regions of noninferiority
Unadjusted
Adjusted Superior —_—
Surgical-site infection 137,346 Noninferior —
Unadjusted Inferior (el
Adjusted Inconclusive —_—1
Urinary tract infection 138,691 UL
Unadjusted 00 05 1.0 15
Adjusted [ | | | | [

T T T T T T T
0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50

Flexible policies better Standard policies better

Fig. 9.1 Patient related outcomes from the FIRST trial
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Table 9.3 Resident-reported satisfaction and perceptions of well-being, education, and patient

safety
Standard- Flexible- Odds ratio for
policy group | policy group flexible-policy
Outcome no./total no.(%) P value® | group (95% Cl1)* | P value
Primary outcomes
Dissatisfaction with 200/1874 194/1768 0.86 1.08 0.64
overall quality of (10.7) (11.0) (0.77-1.52)
resident education®
Dissatisfaction with 226/1876 263/1769 0.10 1.31 0.06
overall well-being® (12.0) (14.9) (0.99-1.74)
Secondary outcomes
Dissatisfaction®
With patient safety | 77/1875 (4.1) | 62/1770 0.48 0.85 0.46
(3.5) (0.55-1.31)
With continuity of | 188/1876 83/1769 <0.001 | 0.44 <0.001
care (10.0) 4.7) (0.32—0.60)
With quality and 190/1873 124/1766 0.009 0.69 0.01
ease of handoffs (10.1) (7.0) (0.52-0.92)
and transitions in
care
With duty-hour 161/1876 144/1768 0.74 0.99 0.97
regulations of the (8.6) (8.1) (0.71-1.40)
program
With work hours 236/1874 214/1767 0.76 0.95 0.72
and scheduling (12.6) (12.1) (0.71-1.27)
With time for rest | 280/1875 329/1768 0.08 1.41 0.02
(14.9) (18.6) (1.06—1.89)
Perception of negative effect of institutional duty hours?
On patient safety 491/1891 223/1782 <0.001 |0.40 <0.001
(26.0) (12.5) (0.32-0.51)
On continuity of 1053/1892 339/1786 <0.001 |0.16 <0.001
care (55.7) (19.0) (0.12-0.21)
On clinical-skills 688/1888 232/1777 <0.001 0.24 <0.001
acquisition (36.4) (13.1) (0.19-0.31)
On operative-skills | 928/1885 337/1781 <0.001 0.22 <0.001
acquisition (49.2) (18.9) (0.17-0.27)
On resident 663/1888 232/1782 <0.001 0.26 <0.001
autonomy (35.1) (13.0) (0.20-0.34)
On operative 915/1887 330/1778 <0.001 0.22 <0.001
volume (48.5) (18.6) (0.17-0.28)
On availability for | 845/1890 266/1783 <0.001 0.20 <0.001
urgent cases (44.7) (14.9) (0.16—-0.25)
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Table 9.3 (continued)
Standard- Flexible- Odds ratio for
policy group | policy group flexible-policy
Outcome no./total no.(%) P value* | group (95% C1)* | P value
On availability for | 651/1889 264/1781 <0.001 ]0.30 <0.001
elective cases (34.5) (14.8) (0.24-0.39)
On attendance at 431/1886 218/1780 <0.001 047 <0.001
educational (22.9) (12.2) (0.36—0.62)
conferences
On relationship 488/1892 199/1782 <0.001 0.38 <0.001
between interns (25.8) (11.2) (0.29-0.49)
and residents
On time for 523/1888 262/1781 <0.001 045 <0.001
teaching medical (27.7) (14.7) (0.37-0.56)
students
On case 176/1887 427/1781 <0.001 | 3.37 <0.001
preparation away 9.3) (24.0) (2.54-4.47)
from hospital
On participation in | 172/1888 373/1780 <0.001 |2.81 <0.001
research 9.1) (21.0) (2.12-3.73)
On professionalism | 240/1891 148/1780 0.002 0.65 0.003
(12.7) (8.3) (0.49-0.87)
On job satisfaction | 262/1888 226/1782 0.43 0.94 0.67
(13.9) (12.7) (0.73—-1.23)
On satisfaction 172/1887 164/1777 0.92 1.03 0.84
with career choice | (9.1) 9.2) (0.79-1.33)
On morale 301/1892 294/1782 0.73 1.09 0.51
(15.9) (16.5) (0.85—1.40)
On time with 168/1888 441/1779 <0.001 |3.66 <0.001
family and friends | (8.9) (24.8) (2.70-4.97)
On time for 172/1886 458/1779 <0.001 |3.81 <0.001
extracurricular 9.1) (25.7) (2.84-5.11)
activities
On rest 178/1887 470/1781 <0.001 |3.85 <0.001
9.4) (26.4) (2.88-5.15)
On health 128/1883 326/1778 <0.001 |3.22 <0.001
(6.8) (18.3) (2.37-4.36)
Fatigue always or 175/1878 188/1774 0.26 1.15 0.25
often affects personal | (9.3) (10.6) (0.91-1.47)
safety®
Fatigue always or 118/1878 133/1774 0.17 1.18 0.21
often affects patient (6.3) (7.5) (0.91-1.53)
safety®

(continued)
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Table 9.3 (continued)

Standard- Flexible- Odds ratio for
policy group | policy group flexible-policy
Outcome no./total no.(%) P value* | group (95% Cl1)* | P value
Occurrence during past month owing to duty-hour regulations®
Left during an 256/1944 128/1821 <0.001 |0.46 <0.001
operation (13.2) (7.0) (0.32-0.65)
Missed an 817/1944 544/1821 <0.001 ]0.56 <0.001
operation (42.0) (29.9) (0.45-0.69)
Handed off an 901/1944 583/1821 <0.001 ]0.53 <0.001
active patient issue | (46.3) (32.0) (0.45-0.63)

Denominators represent the number of respondents per survey item in the trial sample of residents.

Response rates varied across survey items, ranging from 84 to 87%. When the Bonferroni correc-

tion was applied to the 34 resident outcomes assessed, the level of significance was adjusted from

0.05 to 0.0015, and the differences between the study groups were no longer significant for three

outcomes: time for rest, quality and ease of handoffs and transitions in care, and professionalism

*Cluster-corrected P values were calculated by means of a chi-square test of association between
study-group assignment and dichotomized resident outcome

®Qdds ratios and 95% confidence intervals (Cl) and two-tailed P values were calculated by means
of two-level hierarchical logistic regression with program-level random intercepts. Models
assessed the association between outcomes and study-group assignment, with adjustment for
program-level strata based on 30-day rates of postoperative death or serious complications in
2013 (stratifying variable for randomization). Significant odds ratios of less than 1.00 favor flex-
ible policies over standard policies. Significant odds ratios of more than 1.00 favor standard poli-
cies over flexible policies

“The numerator represents the number of residents who reported being “very dissatisfied” or “dis-
satisfied” versus “neutral,” “satisfied,” or “very satisfied”

9The numerator represents the number of residents who perceived a “negative effect” of 2014—
2015 institutional duty hours versus “no effect” or a “positive effect”

*The numerator represents the number of residents who reported that fatigue “always” or “often”
affects personal safety or patient safety versus “sometimes,” “rarely,” or “never”

"The numerator represents the number of residents who reported one or more occurrences in the
past month versus no occurrence

their duty hours on realms of patient safety, patient care, operative experience, and
education. Conversely, the flexible-policy group was more likely to perceive a nega-
tive effect of their duty hours on realms related to time outside of the hospital (i.e.,
time with family and friends, extracurricular activities, rest, health, etc.). While the
flexible-policy group perceived their duty hours to have less of a negative impact on
their sense of professionalism, there was no difference in terms of job satisfaction,
career choice decision, or morale. Fatigue as it relates to patient personal safety was
similar between both groups. The standard-policy group was significantly more
likely have left during an operation and missed an operation or handed off a patient
with active issues in the past month than their cohort in the flexible-policy group.
These results demonstrate that more flexible duty hours do not result in inferior
patient outcomes, and resident satisfaction was maintained. Other single-center ret-
rospective studies have shown that patient outcomes in other specialties are inferior
when resident exceed 80 hours per week [52]. Some limitations of the study exist
and are lucidly outlined by Billmoria et al. in their companion article [46]. The
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intervention period for the study was short, and perhaps running the trial over a
longer period time (i.e., 5 years, a full period of residency training) would result in
increased job dissatisfaction for the resident working longer hours. The markers of
patient safety are important ones (e.g., patient death or serious complication) but
perhaps not granular enough to capture errors as a result of resident fatigue.

The landmark FIRST trial demonstrated noninferior outcomes for patients and
high levels of resident satisfaction with when duty hours were made more flexible
for surgical residents. Another randomized trial has been constructed to examine the
effect of more flexible duty-hour policies as it applies to internal medicine trainees.
The iCOMPARE trial is led by physicians from the University of Pennsylvania,
Johns Hopkins University, and the Brigham and Women’s Hospital/Harvard Medical
School [53]. As with the FIRST trial, the standard group complies with current
ACGME standards including a 16-hour maximum work period for PGY-1 residents.
The flexible arm has an 80-hour maximum workweek, 1 day off in every 7, and in-
house call no more frequent than every third night (all averaged over 4 weeks). The
main outcome will be the measurement of patient safety data and educational out-
comes for the internal medicine trainees. The trial began in July of 2015 and has
ended in June of 2016. A total of 63 programs enrolled, 31 in the standard policy
arm, and 32 in the flexible duty-hour policy arm. As of the writing of this chapter,
no data is available about the primary trial endpoints. The results of this trial, if
consistent with those of the FIRST trial, will certainly help to justify some relax-
ation of the standards set for by the ACGME by ensuring patient safety is not com-
promised. If differences are noted between these studies, this may give way to
specialty specific duty-hour restrictions [54].

Several follow-up publications have addressed the residents’ perceptions on
patient outcomes in the standard duty-hour group compared to those in the flexible
duty-hour group. In a recent survey of residents who participated in the FIRST trial,
residents in the standard duty-hour group perceived a negative effect on patient
safety and continuity of care [55]. Also, PGY-1 residents in the standard duty hours
arm were much more likely to have to leave the operating room during a case to
abide by the duty-hour rules as compared to the flexible duty-hour group. This did
not appear as evident in the PGY-2 or higher group in the standard duty-hour group;
the rate of leaving the operating room in the flexible duty-hour group was signifi-
cantly lower, however. With respect to education and duty hours, there did not
appear to be a significant interaction between the duty-hour policy and the degree of
dissatisfaction with resident education quality in this study. In terms of the resi-
dents’ self-perceived domain of well-being as measured by their own health, rest,
extracurricular time, and time with family and friends, the flexible policy residents
felt more often that their work hours had a negative effect compared to the standard
policy arm. This was most prominent at the PGY-1 level, but the effect was signifi-
cant across all PGY years. This is not unexpected as the length of their time on duty
could be considerably longer in the flexible policy arm. However, when asked
whether they were “dissatisfied” or “very dissatisfied” with their well-being, there
was no difference between the standard and flexible policy arms. Importantly,
junior-level residents in the flexible-policy group perceived that the duty hours had
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Fig. 9.2 Resident perceptions of flexible duty hours

more of a negative effect on their morale, job satisfaction, career satisfaction, and
professionalism when compared to those in the standard policy duty-hour cohort.
This effect decreased as the PGY year increased so that senior-level residents in the
flexible-policy group perceived that the duty hours had less of a negative effect on
their morale, job satisfaction, career satisfaction, and professionalism when com-
pared the standard policy arm.

As shown in Fig. 9.2, the majority of residents in the flexible policy arm pre-
ferred a flexible duty-hour policy compared to only a minority of residents in the
standard policy arm. As the PGY level increased, the proportion of residents who
preferred a flexible policy increased dramatically. This was especially evident in the
group already assigned to the flexible duty-hour policy (increasing from 41% of
interns to 77% of senior residents). It seems that residents themselves overwhelm-
ingly want to train under a flexible duty-hour system, despite their own perceptions
that the flexible duty hours have had a negative effect on specific aspects of their
out-of-hospital well-being (e.g., rest, health, etc.). As discussed in this article, it
would appear that the benefits of this type of training — increased patient safety, bet-
ter continuity of care, and time in the operating room — would outweigh the
negative.

The FIRST trial has caused controversy among those in surgical education as it
calls for broad changes in the way duty-hour restrictions are applied and enforced.
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Some have called into question the validity of the conclusions drawn by the FIRST
trial due to the possibility that surgical residents are underreporting their duty hours.
Prior to the conduct of the FIRST trial, several publications noted that falsification
of duty hours and noncompliance with ACGME duty hours are common. Drolet
et al. published the results of an informal survey in which 62% of surveyed surgical
residents falsely report their duty hours, and 67% were noncompliant with ACGME
standards [56]. For comparison, duty-hour falsification and ACGME noncompli-
ance occur in 43% and 53% of all residents that were surveyed across all specialties.
This behavior was also most prevalent in the PGY-1 year and decreased with
increasing PGY level. Other studies have noted similar findings, but perhaps this
issue can be viewed as an example of professionalism and a means to identify sys-
temic work-hour issues that need to be addressed on a programmatic level [57].

Billmoria et al. recently reported their own survey of residents who participated in
the FIRST trial and the frequency of violating the prescribed duty-hour limitations
[58]. In the month prior to the administration of this survey, the group assigned to the
standard duty-hour policy, 24% of PGY-1 residents worked more than 16 hours con-
tinuously 1-2 times, and 6% did this more than five times. In a similar manner, 25%
of PGY-2 through PGY-5 residents worked more than 28 hours continuously on 1-2
occasions, while 4% did this more than five times in the preceding month. Additionally,
approximately 20% of residents surveyed had less than 8 hours off between shifts, and
15% had less than 14 hours off after being on call 1-2 times in the preceding month.
This occurred more than five times in the preceding month in 4% and 4%, respec-
tively, of residents in the standard duty-hour group. Importantly, 33% of residents
worked more than 80 hours per week 1-2 times in the prior month and 16% exceed
80 hours per week 3-5 times in the prior month. This demonstrates that even in highly
scrutinized surgery residency programs, violations frequently occur. Clearly, the flex-
ible duty-hour arm of the FIRST trial violated ACGME duty-hour requirements by
design. Therefore, it is no surprise that the residents in this group more frequently
worked more than 16 hours (at the PGY-1 level), more than 28 hours continuously at
the PGY-2 level and above, and more often had fewer than 8 h off between shifts when
compared to the standard group. Despite these differences, there was no difference in
the percentage of residents who violated the 14-hour off after call rule. When both
groups of residents were asked about the reasons that they chose to violate their duty-
hour limits, most cited the desire to facilitate care transitions, stabilize a critically ill
patient, or operate on a patient they know well. This was certainly more frequent as
the PGY level increased. Additionally, many used the extra time to perform “routine”
tasks, complete documentation, or round with the team. The minority cited using the
extra work hours to attend educational conferences or activities.

Another long-standing argument for limitations of resident duty hours was to
allow residents time away from patient care duties to codify the information they
learn from patient care with independent and self-directed study of the medical lit-
erature. Additionally, some topics with which residents are expected to be familiar
are not commonly seen in routine practice, so can only be learned about through
diligent study. This knowledge is tested annually as surgical residents take the
American Board of Surgery In-Training Exam (ABSITE) and after completion of
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their final year as they take the American Board of Surgery (ABS) Qualifying Exam
(written) and Certifying Exam (oral). In the flexible policy arm, there might be the
unintended consequence that the increased time in the care of patients might result
in poorer performance on these exams. Although only 2 years of residents and exam
data were available, Blay et al. studied exam results in the FIRST trial participants
[59]. When comparing the flexible-policy group to the standard-policy group, there
were no significant differences in ABSITE score. This finding was consistent over
all PGY levels. Additionally, there was no statistical difference in first time pass
rates of the ABS Qualifying Exam (Flexible: 90.4% and Standard: 90.5%) or the
ABS Certifying Exam (Flexible: 86.3% and Standard: 88.6%). This did not change
even when adjusted for the characteristics of the program. This data is limited in that
only 2 years of testing is available for review and differences may arise with a larger
cohort. Interestingly, the pass rate for the ABS Qualifying Exam over the past
5 years has been fairly steady at 80% [60]. Clearly, the FIRST trial participants are
performing well on the Qualifying Exam suggesting they may not have been as
impacted by the increase in hours worked which may not be generalizable to all
surgical trainees. A similar observation may be made about the recent results from
the last 5 years of the Certifying Exam, which have seen pass rates fluctuate between
72% and 80%.

What has been made clear from the FIRST trial is that allowing some flexibility
in the duty hours and providing fewer restrictions for residents do not seem to cause
harm to patients and provide more satisfaction to surgical residents. This paradigm
shift has now been incorporated into recent changes by the ACGME in resident duty
hours. As on July 1, 2017, PGY-1 residents will start to have more flexibility in duty
hours by allowing them to work 24-hour shifts with an extra 4 h for documentation
or education, as opposed to the 16 hour of continuous duty previously allowed [61].
The aim is that this will allow for fewer handoffs and allow for increased educational
time for PGY-1 trainees. Also, it will allow more time for PGY-1 resident to accli-
mate to the resident physician lifestyle and feel more engaged in the care of patients.
Additionally, it will certainly ease the now difficult transition between the PGY-1
year and the PGY-2 year. The other limitations on resident duty hours will remain in
place (e.g., no more than 80 hours per week averaged over 4 weeks, 8 hours off
between shifts, etc.). Importantly, the language of the Common Program Requirements
gives resident autonomy and voluntariness to be flexible in how they apply these duty
hours in the best interest of caring for patients. Such examples include “to provide
care to a single severely ill or unstable patient,” “humanistic attention to the needs of
a patient of family,” or “to attend unique educational events.”

As we move forward in the evaluation of the research that has been done in
recent years on duty hours and the correlation between needing to provide adequate
surgical education and not compromising patient care, it is important that we con-
tinue to analyze more long-term data shrewdly. Pendulum shifts will inevitably con-
tinue as there have been in the past in the amount of hours worked by residents, with
the goal to provide adequate surgical education without compromising patient care
or the well-being of the resident population. Some have pleaded that broad-sweeping
changes not be made based solely on this data as it stands to avoid shifts that could
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negatively affect patient care and the wellness of residents. It would seem that the
current policy of the ACGME is to look for high-quality data and make incremental
adjustments in reforming the duty-hours.

In order to combat the perceived uneasiness of some surgical chief resident to
directly enter practice, the American College of Surgeons has proposed the use of a
“transition to practice” fellowship [62-65]. These are fellowships that allow a
“pseudo-autonomy” of the fellow to operate under the mentorship of a more senior
surgeon. Some of these fellowships include performing cases in other surgical dis-
ciplines such as urology, neurosurgery, plastic surgery, and orthopedics. Ironically,
for many general surgery programs, these rotations were once components of train-
ing but have been diminished or removed due to the work-hour restrictions. Some
have argued for the advantages of this type of program, but is this really different
than an extra year of residency? We can foresee the utility of these types of pro-
grams for residents who later in their training decide they would like to work in an
environment where they would be a “proceduralist” who needs basic skills in these
other surgical disciplines (e.g., a rural surgery practice or as a medical missionary).
Perhaps we need to consider the types of residents or programs whose graduates
feel they need this type of extra attention and more closely examine why their previ-
ous system did not meet their needs. Perhaps this also would suggest that PGY-5
level residents should be given considerably more autonomy and even less regula-
tions on their hours to facilitate a smooth transition to practice. These programs are
currently not widespread, but we should watch carefully how these are used.
Certainly, the fellows in these programs could be seen as cheap (but skilled) labor
as opposed to continuing learners.

The long-term effects of residents having trained in the current duty-hour restric-
tions are something that will not be known for several years to decades. Certainly
several scenarios come to mind. Will limitations of duty hours now cause increased
job dissatisfaction and burnout among future surgeons when their jobs demand
work hours that exceed 80 hours per week? If more senior surgeons have a distrust
of the abilities of their newly graduated colleagues, how will that manifest as for the
employability of the future generations of surgeons. The issue of burnout has
become front and center in the medical community. Although probably not a new
phenomenon, burnout has been invoked as a major contributor to physicians leaving
medicine. Current data suggest that general surgery and surgical subspecialties are
affected by burnout at a high rate than many other specialties [66—70]. Can the cur-
rent duty-hour restrictions contribute to even high rates of burnout in the future?
One could argue that training in an 80 hours per week system and then graduating
to a surgical practice where one is expected to work greater than 80 hours per week
would create added stress and job dissatisfaction, thereby leading to burnout. This
situation could certainly be magnified by choosing to practice in a smaller commu-
nity where there is less support, and the local surgeon is expected to provide care
ceaselessly. If we are also training surgeons with less clinical experience during
their residency, we could also imagine that our recent graduates may be less well
equipped to handle difficult surgical cases, thereby increasing their personal dis-
satisfaction with their job, leading to increased rates of burnout as well. The
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cumulative pressure of these two scenarios may then change the demographics of
surgical practice for recent graduates, choosing to practice in larger groups with a
larger patient base to insulate them from working beyond 80 hours and from having
to tackle cases for which they feel unequipped. This may then further the shortage
of surgical providers in small communities in the United States. With all this in
mind, it will always be the goal of residency programs across the nation to train and
educate future surgeons to be competent surgeons that enjoy their career and pro-
vide high-quality care for coming generations.

The issue of duty hours in surgical education has been evolving for the last
40 years. We have seen the extremes of the past, where work hours were excessive
and detrimental to residents’ physical and emotional health. Unfortunately, the sur-
gical community maintained the status quo for many years — fueled by pride and
egotism — to the detriment of many trainees. Spurred on by the very public and
tragic death of Libby Zion, the issue of excessive duty hours and resident fatigue
was placed squarely in the crosshairs of public opinion; no longer could the medical
community sit silently by while this status quo was maintained. Pressures from
those inside and outside of the field of medicine led to restricted work hours man-
dated by the ACGME in 2003. This change then engendered a backlash of concern
that the surgical community might be sacrificing surgical competency for resident
well-being. Much of the data seemed to suggest that resident experience was
unchanged during this tumultuous time, however.

Further restrictions were put in place in 2011 based on data showing negative
patient-related consequences of even the 2003 ACGME restrictions. The continued
erosion of resident work hours prompted the design of randomized trial to deter-
mine if increasing flexibility of resident hours (without increasing the total hours
worked) would impact patient care. The landmark FIRST trial showed that when
resident work hours were liberalized, no difference in patient outcomes was noted.
Importantly, the residents themselves, though with less time for extracurricular
activities, felt more of a sense of patient engagement and greater satisfaction with
the educational process. This randomized data has now caused the ACGME to
reconsider some of the restrictions enacted in 2011. Where the future of duty-hour
restrictions is heading is unclear. Are we satisfied that the current system provides
that balance of producing highly skilled and competent surgeons who are also emo-
tionally and physically intact at the end of the process? Only careful study and time
will tell. As the surgical community goes forward in the future, the new standard of
high-quality randomized data will be our best guide at balancing patient and resi-
dent outcomes.
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Generational Differences and Resident Selection

Rapid changes in the demographic characteristics of people entering the workforce
have been noted outside of medicine for decades. Generational differences became
a popular talking point among leaders across multiple professions when Generation
X began to enter the workforce in the 1980s and 1990s. The stark contrast in values
and style led to friction with their baby boomer predecessors. While a number of
sociologists and demographers study these generational differences and the impact
on workforce in depth [18, 28], the medical profession has been late to incorporate
the available knowledge into current practice. Recognizing and understanding dif-
ferences in learning style, personal values, and expectations among different gen-
erations is crucial to facilitating success for the current class of young residents and
students. This can be challenging in medicine, particularly in surgical fields where
dedication is historically measured by long hours and one’s career is prioritized over
work-life balance. However, failure to properly understand and appreciate the dif-
ferences between our predecessors, ourselves, and our incoming trainees and appli-
cants will negatively impact our ability to recruit future physicians [1]. The purpose
of this chapter is to explore what is known about the three generations currently in
the workforce and how we can apply our understanding of the youngest generation
to the resident interview and selection process.
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Generational Definitions
Baby Boomers

The baby boomer generation is typically defined as those born from 1943 to 1962
and comprises faculty over the age of 55. The onset of this large generation is
defined by a momentous historical event, the end of World War II. As this group
approaches retirement, the American Urological Association (AUA) census predicts
an impending shortage of urologists, particularly in rural locations (2015 AUA cen-
sus). Baby boomers have been labeled as loyal and dedicated workers. They have a
tendency to respect authority and will work hard out of loyalty to their leaders. They
see self-sacrifice as a virtue and believe in the concept of “paying dues” [1]. It is
easy to see these characteristics translate into the dedicated and ambitious faculty
we know over the age of 55. This generation was the first to be raised in the era of
television and saw significant value placed on personal prosperity and growth. This
drive for prosperity as well as the value they place on self-sacrifice and loyalty can
make them appear inflexible and intolerant when faced with the different attitudes
and styles of their younger colleagues. Baby boomers have criticized Generation
Xers as lacking work ethic, lacking commitment to their jobs, and overall lacking
commitment to their careers [9, 22]. We are no longer seeking to recruit this genera-
tion into our residencies, but understanding their position is important when consid-
ering how to facilitate their recruitment and selection of residents.

Generation X

Generation X is defined as those born between 1963 and 1982. They comprise fac-
ulty over the age of 35 and are the group of physicians that began to see significant
changes in duty hour restrictions and training expectations. This generation was
defined socially by Watergate, the fall of the Berlin Wall, and the rise of MTV. They
have been described by some as pragmatic and value global thinking and diversity.
However, pop culture has labeled them as cynical and naive, lacking respect for
authority, and valuing nothing [6]. They are derogatorily referred to as the “Me”
generation. The literature reviewing Generation X physicians often cites their desire
for autonomy and flexible schedules, their emphasis on personal growth and per-
sonal relationships over material success, a preference for the latest technology, and
flexible attitudes toward diversity [36, 40, 41]. This is also the generation that saw
the introduction of significant numbers of women into the workforce (and medi-
cine), leading to a heightened awareness of the compounded generational and gen-
der differences in current mid-career workers. When this group of physicians first
entered the workforce, many in the boomer generation assumed they would work
less and be more transient than their elder colleagues. A 2006 survey of internal
medicine physicians and departmental staff in Canada explored this notion in depth.
They discovered that boomers qualitatively viewed the Gen Xers as less committed
to their careers; however, when comparing actual working hours, there was no
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difference among the groups. In fact, on average, Generation X female physicians
worked the most hours per week [22]. It is suggested that the most concrete differ-
ence between the baby boomers and Generation X physician is the role that work
plays in their life [25]. But in fact, there may be differences in the type of person
attracted to medicine from each generation. When assessing the Myers-Briggs per-
sonality profiles of surgeons of the boomer generation when compared to Gen X
trainees, a statistically significant difference was found in the personality type [37].
Historically, surgeon Myers-Briggs Type Indicator (MBTI) testing had shown a pre-
dominance of ESTJ personality type (extraversion, sensing, thinking, judging),
while Gen X trainees showed tendency toward ISTJ (introvert), p = 0.0009 [37].
While the driver of this difference is unclear, what is important to understand is that
there is a fundamental personality difference between many baby boomer and
Generation X surgeons. This is important to consider when educating a group of
faculty about resident recruitment and selection. What resonates with a boomer may
be very different than what resonates with a Gen X faculty member.

GenerationY

Generation Y, also known as millennials, comprises people born between 1982 and
2005. They are the children of the baby boomer generation and are the largest, most
educated generation yet. These are our current medical students and residents.
Millennials are the resident applicants we seek to properly select and recruit. We are
just beginning to examine this generation in a prospective fashion, but they are a
topic of much discussion and debate across a number of professions. They deserve
extra consideration in our efforts to better understand surgical training and resident
selection as this cohort of applicants will be the ones entering the workforce for the
next two decades.

Although not marked by a specific historic event that would define the onset of
Generation Y, the early years were defined by uncertainty, which has shaped the
characteristics of the cohort. The oil bust in the 1980s, threats of global warming,
school violence (i.e., the Columbine High School massacre in 1999, among others),
the terrorist attacks of September 11, 2001, and a severe economic recession were
all significant events that affected this generation in its youth [38]. They are techno-
logically perceptive, and most grew up with easy access to computers and the
Internet and expect to have global information available nearly 24/7. A 2007 survey
of more than 7000 college students reported that 97% of students owned a com-
puter, and 94% owned a cell phone [23]. Millennials were raised by baby boomers,
who had parental guilt about time devoted to work. This drove an intense focus on
reinvestment in their children’s lives and daily activities, leading to an over-
scheduled, overprotected generation of offspring [7]. Parental involvement for this
generation is so predominant that many corporations are beginning to include par-
ents in candidate recruitment [34]. Merrill Lynch hosts a “parent day” as a recruit-
ment tool where parents are given a tour of facilities and a presentation on family
support in the workplace. Home Depot has a reassuring message to parents on its
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website. Even the US Army has modified it’s recruitment slogan to include parents.
While the slogan “An Army of One” appealed to the Me generation (Generation X),
the new slogan is aimed at parents directly, ““You made them strong. We’ll make
them Army strong.” As inconceivable as it may sound, factoring millennial’s parents
into the equation when recruiting them for residency positions is something to con-
sider. In fact, in the previously mentioned 2007 study of college students investigat-
ing technology access, the authors discovered that the students surveyed talked to
their parents 1.5 times a day on average.

Understanding the depth of parental involvement makes it apparent why
Generation Y has also been called the “Trophy Generation.” They may have been
sheltered from failures as the idea that every participant deserved an award took
hold [16, 29]. Despite these somewhat negative connotations, the millennials are
actually predicted to emerge as the next “Greatest Generation” and are highly com-
petent, high-achieving individuals, even if they are misunderstood by their prede-
cessors [17].

The social fears and uncertainty that colored their formative years have led mil-
lennials to value personal connections, community, collaboration, and teamwork
more highly than previous generations [19]. Their technological prowess makes
them experts at efficiently gathering digital information, file sharing, and video
streaming and gives them a willingness to readily adopt new technology. While their
history as overprotected children may be seen in a negative light, in fact that may
make Generation Y better at responding to authority than their Generation X faculty
[31]. This is a particularly relevant aspect of their collective traits when considering
resident selection. Generation Y values close relationships with authority figures
and mentors, such as they had with their parents. They are likely to value personal
connections made during the residency interview process, and these connections
may have an important impact on residency selection trends.

The millennial’s roots in highly structured childhoods may at times seem to be at
odds with their desires for flexibility and learning autonomy; however, the two con-
cepts can blend well. Millennial learners often want clearly outlined expectations
and goals, with regular feedback [5, 32]. This can be a more structured approach to
surgical teaching than we have historically been used to, but is appealing to
Generation Y. Meanwhile, their ability to access information digitally makes them
less likely to value scheduled lectures and traditional reading. Finding a way to con-
nect with this generation as well as giving them a structured framework for learning
while simultaneously respecting their need for flexibility may be the key to success-
fully recruit and mentor this group of applicants.

Resident Selection

As anyone who has the privilege of working with residents knows, good residents
make our jobs easy and fun. Periodically, an applicant with all the hallmarks of a
future chairperson during the resident selection process will struggle to achieve
competency or, worse yet, become a problem resident. A problem-free, high-quality
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residency is every program directors’ goal. Careful examination of the data avail-
able on resident selection is an important step in putting together an excellent resi-
dency program with high-achieving and competent future surgeons. The sheer
volume of information and statistics available through the ERAS application, as
well as what was gleaned over the course of an interview process, can be over-
whelming. Understanding which components of the resident application have the
highest value in predicting resident success, and which are less meaningful, is criti-
cal to compiling a strong rank list. Self-evaluation of a program’s strengths and
weaknesses is important in determining the best resident fit for a specific program.

USMLE Performance

A 2014 survey of urology residency program directors ranked USMLE performance
and letters of recommendation as the two most important factors when evaluating
candidates for a residency position [42]. A 2006 multispecialty study found USMLE
step 1 scores and clerkship grades to be the most important selection criteria for
urology residency positions [12]. When reviewing the literature available for ortho-
pedic surgical training, similar emphasis is placed on USMLE scores [8]. While
considerable debate centers around the validity of using USMLE performance to
predict residency success, it remains the only standardized, universal objective
method of applicant evaluation [42].

USMLE scores do correlate with in-training examination scores across multiple
medical specialties, including urology (24-30). In 2012, Grewal et al. published a
retrospective review of 29 urology resident files in an attempt to better understand
predictors of success. These authors found that “good” test takers in medical school
continued to test well as urology residents and were more likely to be rated as “excel-
lent” urology residents when compared to “below-average” test takers [14]. It is clear
that high USMLE scores will predict higher in-training examination scores; how-
ever, this study is one of the few to associate USMLE score with overall resident
performance. Although USMLE has some predictive value in test scores, it is not
predictive of non-cognitive performance. There is evidence that USMLE step 2 (CK)
scores are better predictors of resident clinical skill, but these scores are often
unavailable for the early urology match process. Overemphasizing USMLE scores in
resident selection negatively affects diversity. Given the limited evidence to correlate
USMLE scores with actual resident quality, it is important to consider multiple other
factors when assessing applications for residency positions.

Letters of Recommendation

As the 2014 survey of urology PDs demonstrated, surgical letters of recommenda-
tion (LOR) are highly important in the resident selection process, falling just behind
USMLE score. This is facilitated by urology being a relatively small field, allowing
most applicants to have contact with, and a letter from, a widely known urologist.
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A good letter of recommendation includes comments on technical ability, compari-
son to previous students, a ranking of current students from the same program, a
comment on likability, and whether the home program wishes to retain the applicant
[13, 39]. An additionally alluring comment describes an applicant as functioning at
the level of an intern [13]. When all of this information is included, these letters are
invaluable in giving an overall assessment of an applicant’s quality. Unfortunately,
LOR are not standardized and often do not include all of the relevant talking points.
They are nearly uniformly positive. Additionally, a personal knowledge of the writer
may alter the way a letter is interpreted. For example, if a certain writer is known by
a program director to give glowing recommendations to all their students, that letter
may carry less weight than if read by someone naive to that writer. This fallacy has
led some specialties to move toward standardization of letters of recommendation.

In 1996, the Council of Emergency Medicine Residency Directors pioneered this
concept with the adoption of a standardized LOR (SLOR) [24]. The SLOR limits
hyperbole and ambiguity and is shown to have superior interrater reliability, inde-
pendent of the level of experience of the interpreter [10, 33]. SLOR are also faster
to interpret than a typical narrative-type LOR. The bottom-line superlative response
in the emergency medicine SLOR is “Guaranteed Match.” It is the least frequently
used superlative phrase [15]. This infrequent but meaningful statement attempts to
address the fundamental question of “How should we rank this applicant?” [11]. In
2013, a survey was circulated to all emergency medicine program directors to assess
their perspective on the utility of the SLOR. Impressively, 94.3% of programs
responded, and 99.3% of responders agreed that the SLOR is an important evalua-
tion tool, which should continue to be used. When they were asked to rank the top
three factors in deciding who should receive an interview, 92.7% of responders
ranked the SLOR first [30]. Emergency medicine is a larger and less competitive
field, and adoption of a true standardized LOR may not be practical in urology.
However, standardization of the superlative summary of an applicant would be a
useful improvement to our current narrative LOR.

Clerkship Grades

Clerkship grades, particularly receiving honors in surgery and urology clerkships,
are a popular method of stratifying residency applicants. There is data to suggest
that assessing all clerkship grades has even more value than just looking at the urol-
ogy and surgery rotation grades. Kenny et al. showed in a [26] meta-analysis that
both USMLE scores and medical school clerkship grades correlated with overall
resident performance [26]. We may consider surgical clerkships to be the most
important when assessing an applicant’s affinity and value as a urology resident, but
special attention should be paid to applicants who demonstrate consistently poor
grades in nonsurgical clerkships. This may be a red flag for arrogance or apathy in
candidates who make no effort on clerkships they deem unimportant. Basic science
course grades have no correlation with residency performance, in-training examina-
tion scores, or board scores and thus should not be heavily weighed.



10 Generational Differences and Resident Selection 195

AOA, Class Rank, and Dean’s Letters

AOA status is often cited as in important factor when considering a residency appli-
cant; however, not all schools have an AOA chapter, and AOA status appears to have
no correlation with in-training examination scores or residency success. The same
can be said of class rank, as well as dean’s letters. An attempt to improve the quality
and utility of dean’s letters was made in 1989 when the Association of American
Medical Colleges published specific guidelines on letter creation. Interestingly, in
1998, dean’s letter writers at all 124 US medical schools were surveyed about the
characteristics of their letters. That year, over 300,000 letters were written, compris-
ing over 1 million pages and costing each medical school an average of $26,000
[21]. Nevertheless, only 65% of schools were determined to produce an adequate
dean’s letter. They are an expensive, time-consuming, and relatively low-yield com-
ponent of the resident application package. They can become more meaningful
when an applicant has had a negative event occur during medical school, or in
explaining any extenuating circumstances experienced by an applicant.

Residency Selection Interview

The residency selection interview process remains a highly program-specific pro-
cess with wide variability in what individual programs value. For example, in the
editorial comment on a 2015 article in urology, the Cleveland Clinic stated that their
program places a strong emphasis on applicant research endeavors [2]. Meanwhile,
other programs are known to place special importance on former collegiate athletes,
assuming they will have good work ethic, technical skills, or team player attitudes.
This variability in program-specific preferences ensures that candidates across a
broad spectrum of personalities and backgrounds will have an opportunity to match.
Understanding what traits are valued at your own institution is critical when consid-
ering an applicant rank order.

There is significant research in the business sector on interview best practices.
Incorporation of these practices into the residency selection process has been some-
what limited. For example, blinded interviews, in which the interviewer has limited
access to data on the applicant, improve interview utility and accuracy [20]. The
same can be said for structured interviews with standardized questions [3, 4]. Open-
ended, goal-directed questions can maximize information gleaned from the inter-
view. A scripted interview, in which all candidates are asked the same questions, can
level the playing field somewhat when assessing applicants post-interview. Sample
questions for a semi-structured interview are provided in Table 10.1.

Utilization of known interview best practices appears to be poor. A 2016 survey of
general surgery program directors in the USA and Canada revealed only 20% of pro-
grams used some form of blinding and a mere 5% used standardized interview questions.
Meanwhile, 90% of programs reported basing at least 25% of their final ranking on inter-
view score [27]. The interview is critically important for our ability to assess residency
applicants, but there is room for improvement in the way we conduct interviews.
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Table 10.1 Sample interview questions for a structured interview

No. | Question

1. | What is the most important thing to you, at this point in your life, other than getting into a
urology residency?

2. | What are you looking for in a program?

bl

Do you have any personal connections to this area or this program?

>

Can you describe a situation in which you were in conflict with another person or group
and how you dealt with the situation?

What was your most difficult clinical experience so far and how did you deal with it?
What do you know about this program and why would it be a good fit for you?

‘What have you liked about other programs, and why?

bl

Tell me about a time you were treated unfairly, and how did you handle it?

Some programs have reported increased applicant and faculty satisfaction with a
“candidate-centered” interview format [35]. This interview style seeks to integrate
the candidate into a typical workday, matching them with a clinical team to spend
time in the OR, on rounds, and in clinic. When considering the increasing number
of applicants for urology residency positions, this may be an appealing and success-
ful way to limit the number of working days faculty need to set aside to conduct
residency interviews.

Uniformity of the resident selection interview should not be a goal. However,
incorporating interview best practices and remembering the generational character-
istics of our current applicant pool may be a key to successful resident selection and
recruitment. Recall that millennials value and remember personal connections made
during the interview process. Therefore, focusing on life issues and common inter-
ests in addition to the usual urology specifics may aid in recruiting an especially
sought-after applicant.

Conclusions

Generational differences have a profound impact on resident surgical education
as well as resident selection. The impact of fundamental differences between
generations is always felt most strongly when a new generation enters the work-
force, and we are seeing evidence of this currently as millennials come of age. As
surgical educators, it is critically important that we understand how to motivate
and teach the newest generation of residents. An exploration of the differences
between ourselves, our predecessors, and our residents is the first step in improv-
ing our ability to be good educators. Understanding our variable priorities and
work-related behaviors can also improve our ability to teach other faculty how to
best educate the millennial generation.

Selecting the best resident for your program is the next important step after
understanding the new generation of applicants. While often maligned, USMLE
performance remains the only universal objective measure of applicant stratifica-
tion. Given its inherent inability to assess the intangibles such as likability, work
ethic, and technical ability, the other components of the applicant package remain
important. Letters of recommendation could be improved with standardization of



10

Generational Differences and Resident Selection 197

the superlative statement, but overall are still a valuable tool in determining a
prospective resident’s chances of success. Incorporation of interview best prac-
tices and exploring new interview formats may increase the utility and accuracy
of the residency selection interview. Future efforts should focus on identifying an
objective measure of resident competency and success.
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The Role of Educators in Quality 1 1
Improvement

Sevann Helo and Charles Welliver

Introduction

As healthcare delivery systems struggle to meet the increasing demand of services
and resources, they are also under increased pressure to provide high-value care,
which is defined as the best healthcare outcomes at the lowest cost [17]. Surmounting
pressure from payment reforms such as the Value-Based Purchasing Program of
2012 and the Medicare Access and Children’s Health Insurance Program
Reauthorization Act of 2015 has forced healthcare organizations to identify areas of
improvement. Quality improvement in the healthcare industry strives to improve
outcomes, prevent medical errors, and reduce costs.

Medical Errors

In 2016, researchers from Johns Hopkins published a study, which estimated that
more than 250,000 medical errors occur each year, making medical errors the third
leading cause of death after heart disease and cancer [47, 55]. In addition to the
morbidity of medical errors, they are also costly to the US healthcare system. The
rising cost of healthcare in the United States presents a major economic burden that
totaled $3.0 trillion in 2014, comprising 17.5% of the gross domestic product [40].
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If healthcare spending continues to grow at a rate projected to be 5.8% from 2014
to 2024, this will lead to $5.4 trillion in expenditures by 2024 and represent 19.6%
of the gross domestic product [39]. Several studies have documented the association
of perioperative complications with increased hospital costs, increased length of
stay, and decreased hospital profit margins [10, 19, 20, 33, 56, 78].

In addition to hospital costs, healthcare expenditures may also be reduced by
savings in malpractice claims. According to the most recent data available from the
Centers for Disease Control and Prevention published in 2007, an estimated 100
million surgical procedures are performed each year in the United States, including
53.3 million ambulatory and 45.0 million inpatient surgical procedures [16, 32].
Surgical never events are defined as errors in surgical care that experts agree are
always avoidable; these events include retained foreign body, wrong-site, wrong-
patient, and wrong-procedure events [15, 27, 31, 46, 52, 64, 67]. A study published
in 2013 by Mehtsun et al. [51] utilized the National Practitioner Data Bank to
identify malpractice settlements and judgments of surgical never events. The
authors identified 9733 paid malpractice settlements and judgments for surgical
never events over a period of 20 years, with malpractice payments totaling $1.3
billion. Based on their findings, the authors estimated that more than 4000 surgical
never events likely occur each year in the United States and acknowledged that the
actual number of surgical never events is likely higher, as many events likely go
unreported. Furthermore, the malpractice payments do not take into account the
additional financial burden of legal fees, disability care, lost work days, or harm to
provider and hospital reputation.

ACGME Core Curriculum

In 1999, the Accreditation Council for Graduate Medical Education (ACGME) and
the American Board of Medical Specialties partnered to approve six general compe-
tencies that they deemed relevant to all medical specialties [4] as follows: patient
care, medical knowledge, professionalism, interpersonal and communication skills,
practice-based learning and improvement, and system-based practice. This was
later followed by the official launch of the Outcomes Project in 2001, which empow-
ered training programs to transition to an outcome-based (i.e., competency-based)
medical education. Recognizing that implementation of the core competencies was
difficult for programs that lacked models to teach, implement, and assess this new
curriculum, the ACGME moved the accreditation system to focus on a continuous
quality improvement philosophy [54]. Beginning in 2007, the specialties of internal
medicine, pediatrics, and surgery created developmental milestones to provide a
more detailed framework to assess the six competencies [30, 62, 69], which were
gradually expanded to include all specialties by 2014.

According to the ACGME, the purpose of the milestones is to guide curriculum
development, to provide well-defined learning objectives, and to identify underper-
forming learners early to support timely intervention. For residents and fellows,
ACGME milestones are intended to increase transparency of performance



11 The Role of Educators in Quality Improvement 201

requirements, to encourage self-assessment and self-directed learning, and to facili-
tate better feedback from the program and faculty [34]. This is a departure from the
traditional training method that revolves around the diagnosis and management of
disease. The current generation of physicians must be able to objectively evaluate
their performance while providing comprehensive care, optimizing communication,
defining the goals of the medical care organization, and demonstrating a high level
of professionalism. While medical care organizations are adjusting to the shifting
healthcare landscape by implementing continuous QI, the role of residents in this
process is not well defined. There is a growing body of research regarding different
implementation strategies in residency programs across specialties, but these are
largely limited to isolated case reports. The remainder of this chapter will focus on
different implementation strategies, barriers to implementation, and future direction
of quality improvement in graduate medical education.

Quality Improvement

Physician Avedis Donabedian is considered by many to be the father of modern
healthcare quality assurance. In his 1966 article “Evaluating the quality of medical
care” published in the Milbank Memorial Fund Quarterly [22], he divided health-
care quality measures into structure, process, and outcome. In his publication, he
described the seven pillars of quality: efficacy, efficiency, optimality, acceptability,
legitimacy, equity, and cost [23-25]. Donabedian’s influence on healthcare system
awareness and design remains an important framework for healthcare quality
improvement (QI) to this day.

Key to any QI initiative is the systematic measurement of significant metrics.
Performance should be measured over time by using a control and identifying
events that deviate from the average range or control limits. The upper and lower
control limits define the acceptable range for which a process is assumed to be in
control (see Fig. 11.1). Events that fall outside the control limits should be assessed
for factors that led to a change in processes.

Performance over time

A Upper control limit
<
g
g —
< \\ Average
L L
7 Lower control limit
Time

Fig. 11.1 Performance measured over time
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Strategies of Quality Improvement Curriculum

Continuous Quality Improvement

Institutions dedicated to preemptive, rather than reactionary, QI generally sub-
scribe to continuous QI, which is founded in the belief that every process presents
an opportunity for improvement [7]. It requires that an organization view the pro-
cesses and operations as a product of the healthcare delivery system on a mac-
roscale rather than an individual patient basis when considering opportunities for
improvement. Organizations committed to quality improvement generally
approach it from a combination of continuous QI and one of the approaches
detailed below.

Plan-Do-Study-Act

The plan-do-study-act (PDSA) cycle is an iterative four-step QI method popularized
by Dr. W. Edwards Deming, who was an engineer and management consultant who
many consider to be the father of modern quality control [8]. The PDSA cycle is not
meant to replace QI methods that an organization already has in place but rather to
provide a powerful framework to accelerate improvement. It is a refined take on the
traditional trial and error process with the addition of steps for iterative improve-
ment. The PDSA cycle is composed of four logical and sequential steps that with
each cycle leads to exponential improvements. The steps in the PDSA cycle are
summarized in Table 11.1 and Fig. 11.2.

Advantages of the PDSA cycle include its ability to adapt to the local context,
respond to unforeseen obstacles, and deliver effective interventions for complex
problems [70]. The PDSA cycle also lends itself to teamwork with well-defined
roles that can be performed over the long term. While short-term goals may be
achieved, the PDSA cycle enhances an organizations’ continuous improvement
strategy and can be transitioned from one team to another if the members of the
team change over time.

Canal et al. applied the PDSA cycle to surgical residents during an outpatient
ambulatory surgery rotation [12]. Residents received a didactic lecture on the appli-
cation of the PDSA cycle for QI from a faculty member for 1 h a week over the
course of 6 weeks. During this time, residents presented their project ideas to one
another, voted on which project they wanted to implement, and then worked on their

Table 11.1 Plan-do-study-act cycle

Plan Identify the change that you would like to implement

Select team members who will be involved

Evaluate what resources will be needed

Determine what data will be collected

Do Test the feasibility of your plan on a small scale

Be prepared to restructure the plan based on preliminary results

Study | Analyze the data to evaluate whether the previous step achieved the desired outcome
Summarize lessons learned, unintended consequences, successes, and failures

Act Decide whether to adapt, adopt, or abandon the approach selected during the “plan” stage
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Fig. 11.2 Plan-do-study-act
cycle

Act
Modify the plan

Plan
Determine a goal

Study

Evaluate the
outcome

Do

Implement the plan

projects as a group. Examples of projects included developing an ultrasound
curriculum for the residents, standardizing discharge forms, developing a research
curriculum for research residents, creating a mentoring system between research
residents and surgery interns, and improving resident attendance at the chairman’s
conference. Authors noted that barriers to successful project implementation
included getting the residents to follow through on projects, which was most easy to
do during the residents’ research year when they didn’t have as many competing
clinical demands. The advantage of the approach, however, was that because the
residents were involved in every step of the process, they were invested in the
project’s success.

Tess et al. described their creation of a QI curriculum, which was supplemented
with online modules [71]. Internal medicine residents at Beth Israel Deaconess
Medical Center (Boston, Massachusetts) were asked to complete a QI project dur-
ing their second year. Residents were grouped into teams of three and asked to use
the PDSA cycle. Their projects targeted quality measures, patient satisfaction,
workflow redesign, and handoff issues. The authors highlighted that implementa-
tion of this QI curriculum improved resident attitudes about the culture of safety and
their perception about the teaching quality of their rotation.

Authors at the University of Wisconsin (Madison, Wisconsin) reported their
experience with the implementation of a practice-based learning and improve-
ment curriculum in PGY-2 general surgery residents. Residents were asked to
select a QI project and then discuss their ideas with two hospital quality improve-
ment staff and the residency program manager to discuss feasibility. The resi-
dents were instructed to use the PDSA model, read several assigned readings,
and attend meetings with the Surgical Quality Improvement Committee,
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institutional review board, and the faculty National Surgical Quality Improvement
Project director. Progress reports and results were then presented at a departmen-
tal conference. The authors noted that this botfom-up approach gave the residents
greater ownership over problems that they identified and areas that were of inter-
est to them. They also noted that this kind of approach to implementation of a QI
program requires institutional buy-in and initially may be difficult to engage
administrators.

Root Cause Analysis

Root cause analysis (RCA) is a structured systematic approach used to investigate
the various factors that led to a patient safety incident or adverse event [2]. The
origins of the RCA technique stem from its use in the engineering industry as a
method of identifying systems-problems that result in underperformance, variations
in production processes, and design failures [1]. Its use in healthcare began in the
1990s as a method to establish the “what, how, and why” of patient safety incidents.
An RCA is generally performed by a multidisciplinary team using one of the fol-
lowing problem-solving techniques: Five Whys analysis, Pareto analysis, or fault
tree analysis, among others [65, 77, 81]. It is best utilized to retrospectively review
an adverse event to determine the sequence of events and the systemic factors that
led to the undesired event and can be integrated with other QI tools. Several institu-
tions have reported using RCA in their morbidity and mortality conferences [5, 66,
71], as it lends itself to retrospectively review adverse events. The Veterans Affairs
National Center for Patient Safety has a detailed step-by-step guide on how to per-
form an RCA that may be found online [76].

Five Whys Analysis

The Five Whys approach is a method intended to progressively delve deeper into
why an adverse event occurred with each subsequent why, until the root of a prob-
lem is identified [66]. Once the initial problem is specified, a consecutive series of
why questions are asked, with each answer becoming the subject of the next ques-
tion. Each subsequent response should generate a more profound investigation, and
potential improvement strategies are identified. See Fig. 11.3 for an example of the
application of the Five Whys in a situation where a patient who should have been
ordered for venous thromboembolism (VTE) prophylaxis is diagnosed with a pul-
monary embolism.

This example identifies several errors in the system including the lack of inclu-
sion of VTE chemoprophylaxis in standard order sets. While exclusion of VTE che-
moprophylaxis in the patient’s orders was due to a human error by the resident who
forgot to include it, if the standard of care is for all postoperative patients at risk for
a VTE to be administered with VTE chemoprophylaxis, then it should be included
in all order sets. Additionally, the healthcare organization may consider adding an
automated alert to all providers caring for postoperative patients to confirm whether
or not their patient should be on VTE chemoprophylaxis.
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“Five Whys” Approach
A post-operative patient who did not receive VTE chemoprophylaxis is diagnosed
with a pulmonary embolism.
1. Why did the patient not receive VTE chemoprophylaxis post-operatively?
- The patient was not ordered for VTE chemoprophylaxis.
2. Why was VTE chemoprophylaxis not ordered for the patient?
- The resident entering the patient’s orders forgot to order VTE chemoprophylaxis.
3. Why did the resident who entered the patient’s orders forget to order VTE chemoprophylaxis?
- VTE chemoprophylaxis was not a part of the order set that the resident used.
4. Why is VTE chemoprophylaxis not a part of the order set?
- Not all surgeons want their patients on VTE chemoprophylaxis post-operatively.
5. Why do not all surgeons want their patients on VTE chemoprophylaxis post-operatively?

- The risk of post-operative bleeding varies depending on surgical procedure, technique,
and individual patient characteristics.

Fig. 11.3 Stepwise Five Whys approach as applied to an example of a postoperative patient who
did not receive VTE chemoprophylaxis and is diagnosed with a pulmonary embolism

Pareto Analysis

Vilfredo Pareto was an Italian economist born in 1848 who was known for the
Pareto principle, or 80-20 rule, in which he recognized that 80% of the property
was owned by only 20% of the inhabitants [63]. This principle was later popularized
in the 1950s by business management consultant Joseph M. Juran [37], who sought
to increase financial returns through increased efficiency by focusing company
resources on the sectors that generated the highest revenue [60]. While it has largely
been studied in business management, it can be applied to healthcare QI and resi-
dent education [28, 42, 53]. It can be applied to healthcare delivery as illustrated by
the following example:

A surgical department is allotted a set amount of block time to schedule their operative
cases, but the department’s surgical wait times are becoming increasingly longer as the
practice expands. Using the Pareto principle to reduce wait times while working within the
confines of the allotted block time, the department may review case times for their 10 most
commonly performed procedures to identify which cases take the longest to perform on
average. After identifying which cases dominate the utilization of the department’s block
time, members of the team can work together to increase efficiency in the operating room
by standardizing instruments sets or equipment needed, defining clearer roles for all per-
sonnel in the room, and improving surgical technique.

Fault Tree Analysis

Fault tree analysis is a tool used to understand how the interaction of several indi-
vidual faults leads to a negative outcome [48, 82]. It is a technique particularly use-
ful in risk and safety analysis. At the top of the fault tree, the undesired event is
listed. A hierarchy tree is then constructed starting from the undesired event until all
potential causes are identified. Figure 11.4 depicts an illustration of a fault tree



206 S. Helo and C. Welliver

Post-operative
pulmonary
embolism

Patient not given VTE
chemoprophylaxis post-
operatively

Patient not ambulatory Longer than average
post-operatively operative time

VTE ) . .
During closing of laparoscopic

ports, active bleeding
discovered requiring additional
investigation

chemoprophylaxis Due to prolonged
not ordered operative time,
patient did not
arrive to floor until
late evening

Resident entering orders
forgot to order VTE
chemoprophylaxis Suture ligation of venous
plexus loosened leading to
significant bleeding

VTE chemoprophylaxis was not

listed in the standard post-operative
order sets

Fig. 11.4 Example of Five Whys analysis applied to postoperative pulmonary embolism

analysis using the example of a patient who experiences a postoperative pulmonary
embolism, which was used in the Five Whys section.

In this fault tree analysis example, several errors contributed to the patient having
a pulmonary embolism. The patient was not on VTE chemoprophylaxis, which was
due to a human error in entering the order, but there should have been safety checks
in place including an alert to the physician that no VTE chemoprophylaxis was
ordered for the patient, and it should be listed in the standard order set for postop-
erative patients if the standard of care is to put patients on VTE chemoprophylaxis.
An additional risk factor for the patient developing a pulmonary embolism was his
immobility immediately postoperatively. While patients may typically ambulate
postoperatively, this patient was not transferred to the floor until the late evening
when the standard practice on the floor was to allow patients to rest, rather than to
encourage them to ambulate. Knowing that this patient was at increased risk for a
VTE event, the physician caring for the patient might have specifically asked the
patient and the nurse caring for him to ambulate several times before going to bed.
Lastly, this patient experienced an intraoperative complication of acute blood loss
that was due to an incorrectly placed suture on the venous plexus that later became
dislodged and led to significant bleeding. This led to an operative time that was
longer than average, conferring additional risk to the patient. Although this was due
to a technical error, further assessment may reveal that a different kind of suture or
technique may prevent this from happening in the future.

In 2012, Smith et al. reported their experience with a departmental initiative to
implement a QI program in the Internal Medicine Residency Program at Mount
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Sinai Hospital (New York City, New York) by using RCA to address a patient care
issue [66]. Residents attended a QI conference every 4 weeks during which a pre-
selected teaching case was presented. A resident on an elective or outpatient block
was chosen to investigate the case and gather relevant details in the weeks prior to
the session. During the session, chief residents and faculty members facilitated a
group discussion with a focus on identifying system-wide failures and solutions.
Over the course of 22 months, 46 interventions were suggested, 25 of which were
initiated and 18 of which were determined to be successful. The authors noted that
“empowering residents to take a more active role in performance improvement
yields significant change and does more than simply educate about basic QI meth-
odology.” They also aptly pointed out that residents are key frontline providers who
spend the most time working within clinical care systems and can therefore provide
important insight into areas that need improvement. An important observation the
authors also made was that suggestions were more likely to advance if administra-
tors with decision-making authority were present.

For institutions that are limited on time or resources to individualize a QI project,
authors from Vanderbilt University Medical Center (Nashville, Tennessee) advocate
using the traditional morbidity and mortality conference as a means of establishing
a culture of safety while teaching the ACGME general competencies. In their pub-
lication, they described retrospectively reviewing morbidity and mortality cases that
had been presented [38]. They identified seven categories that were then evaluated
to see which of the six ACGME general competencies were addressed. During a
21-month period, 11 cases were discussed, which generated 23 QI initiatives. The
initiatives were classified as procedure related, process related, patient related, com-
munication error, medication error, ethics related, and device related. Several other
authors have reported similar success with the application of an RCA to morbidity
and mortality conferences [5, 58, 59].

Six Sigma and Lean Methodology
Six Sigma is a QI strategy invented by Motorola, Inc. (Schaumburg, I1) in the 1980s,
named after the statistical measure of variation, sigma, which is the standard devia-
tion of a normal distribution [14]. The concept of Six Sigma reflects the number of
standard deviations that it takes to achieve an error-free rate of 99.9996%. In manu-
facturing, a level of Six Sigma is equivalent to less than 3.4 defects per million units
produced, a concept referred to as defects per million opportunities (DPMO). A
defect rate can be defined by any measure that is relevant to the process being
improved. Setting the goal to achieve a Six Sigma strategy does not guarantee
achievement of that goal but does lay the groundwork for improvement. The field of
surgical anesthesia serves as a good example of the application of this principle. In
the 1970s—1980s, the risk of death related to anesthesia was 1 in 10,000-20,000 — or
25 to 50 per million [29] — but through the advent of several QI measures, that risk
has decreased to 1.1 per million [45].

Lean methodology stems from the Toyota Production System created by Toyota
Motor Corporation engineer Taiichi Ohno in the 1950s [84]. He revolutionized the
automotive production system by focusing on eliminating inefficiency and waste,
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Table 11.2 Lean Six Sigma five-step process

Define The team should determine the following:
What is the goal of the project?

How will success be defined?

Who will be involved?

What is the timeline of the project?

Measure Data is collected from several sources to determine the depth of the errors in the
system

Analysis Deviations from the norm are identified to look for sources of process variation

Improve The team should brainstorm solutions and develop strategies for project
completion

Control Based on the previous steps, the team should develop policies, guidelines, and
safety checks to enforce the use of the new policy

hence the term /ean. Since then, lean methodology has been applied to many indus-
tries, including healthcare. For a lean approach to take hold within an organization,
management must yield the role of micromanaging problem-solving to the employ-
ees who are on the ground floor of daily operations. A lean system seeks to maxi-
mize steps that add value in the most logical sequence to deliver an unobstructed
workflow to deliver the services that the customer needs. This is often referred to
as a value stream, which is the entire series of steps necessary to produce a product
or service. A value stream approach attempts to improve the entire process, not just
to optimize the individual parts. Examples of waste in the healthcare system
include time spent in the waiting room, wasted inventory, inefficient work area
ergonomics, and time transporting patients between departments for multispecialty
care.

Six Sigma and lean methodology have been utilized within healthcare quality
improvement since 1998 [18, 75]. They are complementary processes that can be
combined to create Lean Six Sigma, which is a five-step process referred to as the
DMAIC cycle — define, measure, analyze, improve, and control, which is summa-
rized in Table 11.2.

Educators at the University of Michigan (Ann Arbor, Michigan) reported on their
implementation of a QI curriculum for internal medicine residents [41]. A team of
residents, led by a faculty familiar with the lean thinking approach, piloted a project
to evaluate the response to an inhospital cardiopulmonary arrest. They participated
in interactive didactic sessions led by their faculty mentor. A hypothetical cardio-
pulmonary arrest case with patient safety and quality implications was then devel-
oped. The team used this example to identify areas of waste and then, using their
experiences, developed a current state value stream map of a cardiopulmonary arrest
response that was supplemented with data to better understand the process. Through
a literature review and reflection on previous experience, the team was able to
develop a plan of how an ideal cardiopulmonary arrest response could be performed.
This led to changes in the training modules and exercises used to train the cardio-
pulmonary arrest response teams.

Internal medicine residents at Columbia University (New York City, New York)
[83] applied the use of Lean Six Sigma methodology to standardize supply rooms
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on general medicine units. Through this simple intervention, they were able to
reduce mean search times by greater than 90 s, with 92% of participants reporting
that they found supplies more rapidly and 86% reporting less frustration after the
intervention. Educators have reported similar success using Six Sigma and lean
methodology to speed the delivery of hospital discharge documents to primary care
physicians [3], decrease the time that residents spend rounding while increasing
patient contact time [13], and develop a more efficient postoperative pathway [35].

Challenges of Implementing a Quality Improvement Curriculum

While residents, faculty, and healthcare organizations can benefit from implement-
ing QI projects within their institutions, there are several challenges to the imple-
mentation process.

Time

Finding the time to juggle a busy clinical schedule with the demands of an academic
program and work-hour restrictions may leave little room for residents and faculty
members to participate in a QI program. Residents may take advantage of a research
year or elective rotation to complete a QI project, circumstances permitting. A larger
project may require a long-term time commitment that exceeds the time allotted to
a resident during a research rotation or elective or even surpass a resident or faculty
member’s time at the institution. This should be taken into account when selecting
an intervention and the team members to carry out the project.

Education

The first step toward developing a QI project involves educating the team on the
principles and methods of QI. Practice-based learning and improvement teaching
may be delivered during resident teaching conferences, morning report, clinical
case conferences, grand rounds lectures, or integrated into morbidity and mortality
conferences [26, 38, 43, 44, 59, 68]. For institutions that lack the resources or time
to deliver didactic lectures, self-guided online modules may be beneficial [11, 71,
74]. This allows a centralized educational curriculum that can be used to train resi-
dents and faculty across departments and geographic locations to accommodate
their demanding schedules. The Institute for Healthcare Improvement, US Health
and Human Services Department, and Centers for Disease Control and Prevention
offer several ideas and online resources for institutions interested in QI [36, 72, 73].

Resident Involvement

Resident directly involved in QI reports greater competence in designing and con-
ducting interventions and proficiency in practice-based learning skills [9, 21, 80,
85]. The level of resident involvement in part depends on whether an institution
employs a top-down or bottom-up approach. A top-down approach is institution
driven; interventions are chosen at the institutional level, and professionals within
the organization are selected from a range of positions. Residents typically play a
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more passive role in this strategy. In contrast, bottom-up approach begins with a
resident in the trenches who identifies a patient safety or quality issue. This approach
allows residents to identify issues that otherwise might be missed by the manage-
ment, permits residents to see the benefits of their efforts, and ensures that residents
are personally invested in the success of their project [57, 61].

Faculty Participation

While residents are good at identifying patient safety and quality issues, faculty
participation is critical to make a complex, sustained intervention [79]. The role of
faculty members is to contribute their knowledge and mentorship, which may be
challenging if they lack formal training in QI. In this situation, faculty members
devoted to assess and improve their own clinical outcomes may serve as good role
models to help residents identify and carry out an intervention. Given the increased
pressure to deliver high-value care, many organizations are hiring QI professionals
and support staff. In the academic setting, this presents an opportunity for faculty
members devoted to QI to negotiate this responsibility into their workload so that
they may be compensated for their involvement [5, 66, 71]. Institutions have also
reported success by offering faculty credit for Maintenance of Certification as a
valuable incentive for their participation [6].

Institutional Buy-In

Perhaps the most challenging barrier to implement a QI program is institutional
buy-in; success is dependent on interdisciplinary communication and compromise.
Effective implementation of almost any QI intervention requires the support from
the administrative staff and senior officials within the organization at both the insti-
tutional and Graduate Medical Education office level [50]. Educators from Kansas
City University (Kansas City, Missouri) [49] reported the value in linking practice-
based learning and improvement to program and institutional accreditation, noting
that it increased the perceived value of involvement in a QI curriculum.

Conclusion

QI efforts benefit the institution implementing them, the employees in the orga-
nization, and the patients they are designed to serve. The application of practice-
based learning and improvement in conjunction with a QI curriculum permits
resident and faculty members to directly apply the ACGME core curriculum
competencies. Depending on the level of involvement within an institution, a QI
project may be implemented in a fop-down or bottom-up approach. An effort
should be made to include faculty members who can serve as mentors, as well as
multidisciplinary staff within the hospital to deliver a comprehensive solution.
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Role of the Surgeon Educator in Leading 1 2
Surgical Skills Center Development

Michael R. Romanelli, Jennifer Bartlett, Janet Ketchum,
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History of the Program

Surgery has historically been at the forefront of the assessment and integration of
surgical skills and simulation into medical curriculum [1]. In the late 1990s, educa-
tional leaders of the Southern Illinois University School of Medicine Department of
Surgery recognized a need for progression in the development of their resident’s
skill set outside the traditional environments of the operating room, on the wards,
and in the classroom [2]. Thanks to the efforts of key leaders in the Department of
Surgery in partnership with one of their teaching hospitals, the SIU Surgical Skills
Lab opened in May of 2000. At that time, the SIU Surgical Skills Lab was one of
only a handful of centers across the country designed solely to train residents and
medical students using surgical skills lab modules; as of 2008, the Residency
Review Committee for General Surgery has mandated all of their US postgraduate
training programs must have surgical skills laboratories as part of their training
facilities [3].

Increased demands in Graduate Medical Education (GME) have influenced shift
from the traditional apprenticeship model to integrate additional directed skills
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training [4]. Reasoning behind this train of thought dates back to 1987, when Barnes
highlighted reasons for surgical skills and simulation training including fiscal use of
resources in training, increasing complexity of procedures, limitations of available
patients, and legal pressures for providers’ optimal skills [5]. When the Surgical
Skills Lab first opened, the Department of Surgery was accepting 12 surgical resi-
dents a year and was responsible for the education of 54 residents across subspecial-
ties including general surgery, orthopedic surgery, otolaryngology, plastic surgery,
and urology. Last year, the Surgical Skills Lab provided the environment for and
assisted in the training of 160 surgical residents and additional resident subspecial-
ties including internal medicine, family medicine, obstetrics and gynecology, and
emergency medicine. In addition to foundational residency skills training, each sub-
specialty has their own respective curriculum detailed and focused on procedures
within their scope of practice. Each year, 176 modules are completed annually.
Every day, opportunities for new curriculum and corresponding lab modules are
requested and accordingly developed and implemented to meet the needs of
learners.

With this extensive growth, the Surgical Skills Lab has outgrown its initial 1600
square foot location and has been established in 2015 as the J Roland Folse Surgical
Skills Center named after the founder of the Southern Illinois University Department
of Surgery. The Surgical Skills Center relocated to a new 3700 square foot facility
in the Memorial Center for Learning and Innovation, a state-of-the-art multimillion-
dollar establishment dedicated to the pursuit of advancement and innovation in
medical education and care. This move provided the additional space to foster con-
tinued aggressive expansion of the center and dramatically advanced the high-
fidelity technological capabilities to meet and serve the educational needs of the
School of Medicine.

While the Surgical Skills Center has been very fortunate in their move to the new
location, the leadership active in this development asserts that surgeons as educators
can establish and foster this culture of learning wherever the location might be, from
a classroom to a closet or from an empty hospital room to an operating room not in
use [6]. Two schools of thought are prevalent in regard to what is the optimal
directed training: utilizing low-fidelity task models to train necessary basic opera-
tive skills, compared to high-fidelity simulators focused on mimicking the contex-
tual experience of operating [7]. For the Surgical Skills Center, initially mechanical
models such as laparoscopic box trainers in consideration of associated costs were
determined to be of greatest value for skills improvement, as for many other institu-
tions [8]. As buy-in from medical community leaders has grown, high-fidelity simu-
lators have been integrated into practice to maximize all opportunities of learning.

Residency Boot Camp Curriculum

Surgeons as educators in the School of Medicine were led to recognize the need for
a general surgery educational skills practicum determined by incoming interns’
variable fund of knowledge and technical skills [9]. Further informed by student and
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faculty questionnaires supplemented by focus groups, a curriculum affectionately
referred to as “boot camp”” was developed in 2000 for interns beginning July of their
PGY-1 year. This program set out to establish learners’ proficiency in training and
offer a foundational baseline to track their progress moving forward. These learning
modules would later become the foundation of the American College of Surgeons
(ACS) and Association of Program Directors in Surgery (APDS) National Surgical
Skills Curriculum [3].

For each module, a formal overview is provided to the learner in advance that
communicates relevant information including rationale, objectives, a detailed
description along with step-by-step walk-through of the module, and criteria for
proficiency. Weekly curriculum covers basic surgical skills such as tissue handling,
dissection, and wound closure. Learning issues which all PGY-1 surgery residents
are required to complete are covered by modules on knot tying, basic suturing, cen-
tral venous access, chest tube placement, and emergency surgical airway. Attendance
and participation in modules are coordinated with the resident call schedule.
Modules are planned and scheduled utilizing a block system, which arranges for a
learner to experience different modules on days spread over multiple weeks in inter-
vals as opposed to mass practice [10]. Additional times for open skills practice were
scheduled to better accommodate the demanding responsibilities of an intern.

Learning modules are led by two faculty members assisted by a skills coach to
both lead and assist with discussion of how the skill is integrated into surgery. For
select basic surgical skills training, there was determined to be no difference in
improvement of a student’s performance whether facilitated by a nonphysician
skills coach or faculty surgeon [11]. By sharing the responsibilities of teaching, a
consistent commitment to a high student/faculty ratio of 4:1 is maintained while
avoiding faculty burnout, which has been paramount to the success of the program.
By informing learners of common critical errors prior to the learning module, acqui-
sition of skills and performance was enhanced during instruction about correct per-
formance of basic surgical skills [12].

The curriculum culminates in verification of proficiency (VOP) evaluations
developed from previous performance-based assessments of technical skills includ-
ing objective structured assessment of technical skills evaluation methods [13, 14].
Residents are required to demonstrate proficiency on each of the VOP modules by
means of the video assessment prior to performing any of the required procedures
on the floor or in the operating room. If a learner didn’t meet the necessary require-
ments of their assessment, additional remediation curricula were scheduled until a
student met the requirements of the module. The VOP evaluations as shown in
Fig. 12.1 empowered educators to swiftly and acutely learn where improvement
was necessary on a learner’s road to proficiency across a broad spectrum of proce-
dures and practices [13].

We found that faculty volunteerism improved employing an automated video
capturing system. This Internet-based program has proved more flexible in that it
allows faculty to watch a de-identified learner from the comfort of their home or
office. Simultaneously, evaluators are able to fill out their VOP evaluation on a split
screen to objectively assess surgical skills performance. Educators have the ability
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Bowel Anastomosis Evaluation Resident: Date:

Global Characteristics Satisfactory | Comments
N

Align the two bowel ends parallel to each other using bowel clamps

Corner sutures left long and clamped (stay sutures)

Appropriate placement of back wall sutures (Lembert .5 cm apart)

Appropriate tension and knots while tying back wall sutures

Appropriate placement of back wall inner layer (running)

Appropriate transition from back to front wall (Connell on inner layer)

Ties inner layer, front wall sutures with appropriate tension

Remove bowel clamps

Appropriate placement of front wall outer layer sutures (Lembert)

<|=<|=<|<|=<|=<|=<|<|<|<

z z|\z|z|Zz|z|zZz|Z2 | Z

Appropriate tension and knots while tying front wall sutures

Economy of Time and Motion

Many unnecessary / disorganized movements

Organized time / motion, some unnecessary movements

SIESERIEI S

Maximum economy of movement and efficiency

Final Rating Other Summative Comments
Demonstrates Proficiency

O  Yes
O No Evaluator

SIU Dept of Surgery, General Surgery Residency Program

Fig. 12.1 Bowel anastomosis verification of proficiency

to annotate the video recording, noting when and what a learner might do to improve
their technique. Beard [15] and Driscoll [16] were able to establish construct valid-
ity for video assessment of basic surgical trainee’s operative skills with strong cor-
relation and evidence.

Surgery Subspecialty Curriculum

Progression of resident’s foundational curriculum quickly advanced within
subspecialties to incorporate and train residents and fellows for more challenging
cases. Often more advanced subspecialty procedural skill modules are coordinated
together as team training with various levels of resident learners present. The pres-
ence of senior residents to facilitate their juniors’ active participation through a pro-
cedure has furthered both parties’ knowledge foundation in an immersive,
student-centered experience [17] in accord with Halsted’s concept of “see one, do
one, teach one.” Additionally, the rationale for certain aspects of each procedure was
clarified as different techniques were debated at greater length in feedback discus-
sions than traditionally covered during everyday cases in the operating room.

For general surgery residents as in other subspecialties, advanced laparoscopic
skill modules were developed in a stepwise manner based on learner skill level. For
the classic laparoscopic cholecystectomy procedure, phase 1 establishes an intern’s
technical abilities for the procedure utilizing low-fidelity inorganic laparoscopic
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box trainers in accord with the ACS/APDS Surgery Resident Skills Curriculum.
Following demonstration of this proficiency, a learner will progress to a higher-
fidelity organic procedure operating on an ex vivo porcine liver with gallbladder.
The curriculum culminates in an annual lab in which the entire laparoscopic chole-
cystectomy procedure is performed from start to finish on a cadaver. This aspect of
the learning process enables a resident to focus additionally on nontechnical skills,
including communication and teamwork. At our institution, surgery residents work
together with students from a local certified surgical technologist community col-
lege program to better simulate and integrate interdisciplinary training objectives.
This level of learning is paramount for the surgery resident as deficits in nontechni-
cal skills can often result in errors committed in surgery; poor communication has
been identified as a causal factor in 43% of surgical errors [18].

Resident Readiness Curriculum

Following the success of the boot camp curriculum, the Surgical Skills Center
endeavored to develop a “resident readiness” program to better prepare medical
students in the spring of their fourth year for the responsibilities of their resident
intern year [19]. Utilizing the American College of Surgeons Graduate Medical
Education (ACGME) Committee prerequisites for graduate surgical education, the
curriculum was organized around common intern experiences. Learning modules
were designed utilizing intensive application of accumulated knowledge and skills
for the care of the surgical patient; exercises included mock pages, writing orders,
and surgical skills [20]. Leaders at our institution would eventually work with other
medical schools to integrate this curriculum into what is now an essential aspect of
the American College of Surgery (ACS) and Association of Program Directors in
Surgery (APDS) entering surgery resident preparatory curriculum. This coursework
has been studied extensively in support of the improved confidence and abilities of
fourth year medical students preparing to enter surgical residencies, and we have
found the same to be true [21, 22].

Program Support

During the development of the Surgical Skills Center, leaders recognized the impor-
tance of gaining buy-in and integration with the School of Medicine and other
departments [23-25]. Accordingly, a steering committee was developed to act as a
sounding board for discussion of potential opportunities to meet the needs of their
learners and determine the best interests and action plans of the Surgical Skills
Center. While the steering committee guided the initial direction of the Surgical
Skills Center by assembling the personnel, facility, and administrative structure to
support the development of its curriculum and continues to meet annually, champi-
ons from within the School of Medicine (specifically surgeons as educators) have
proceeded to arise to lead endeavors driven to improve learners’ skill set [26].
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Paramount to the Surgical Skills Center’s success has been its steadfast commit-
ment to fostering a culture of continuous improvement. Pursuant of this progres-
sion, the Surgical Skills Center has focused on increasing the frequency of direct
observation and effective feedback learners receive in a realistic environment to
enhance surgical skill in the operating room [27]. By establishing specific perfor-
mance metrics within an educational framework similar to what is taught periopera-
tively, a student first talks through critical steps of the procedure during a briefing of
the learning module, subsequently receives “intraoperative” coaching if necessary,
and undergoes a debriefing following to review performance and identify opportu-
nities for improvement [28]. Unique to the Surgical Skills Center relative to the
operating room, performance targets enable a student to safely struggle through
critical growth experiences void of any concern for patient safety risk. This approach
works to virtually eliminate the amount of guiding often seen in the operating room
as it uses autonomy to empower a learner and their facilitator to identify potential
gaps in their skill set [29].

The directive of the Surgical Skills Center has been to work closely in conjunc-
tion with attending physicians to foster a continuum between the operating room
and the surgical skills lab for students, residents, and fellows as yet another learning
environment in which faculty-learner collaborations are increased. By minimizing
the minutiae of a learning module, the Skills Center empowers the surgeon as edu-
cator to focus on coaching skills such as economy of motion, counter-traction, and
safe tissue handling, among others. The Surgical Skills Lab better informs assess-
ment of its learners by routinely performing video-based coaching, well supported
in the literature to enhance the surgical skills performance of its learners [30]. Based
on prior studies of performance, reliable operative assessment for residents should
have 20 ratings per year from at least 10 different raters [31]. By acquiring addi-
tional data to monitor resident’s progress in the Surgical Skills Center, tracking
performance and using standardized benchmarks have enabled surgeons as educa-
tors to identify those in need of focused remediation. This assessment is essential in
identifying and correcting technical deficiencies before they become engrained in a
learner’s skill set [32].

By supporting faculty development in this dyad model between the Surgical
Skills Center and its faculty, surgeons as educators have more time to devote to not
only the performance evaluation of their learners but also for themselves [33].
Preparing faculty for learning modules in anticipation of logistics, educational
objectives, and potential challenges of a skills lab ensures faculty maintain learners’
engagement within the scope of the learning module [34]. By supporting this aspect
of the learning module development, additional time has been allotted for faculty to
focus on instructional improvement. Consistent evaluations of training and educa-
tors as shown below in Fig. 12.2 have led to significant initiatives for improvement
in education and evaluation in the Surgical Skills Center. Meeting with program
directors routinely to review these assessments has proved pivotal in improving
coaching for the better learning of residents.

Vital to providing this curriculum and continuing to meet the learning needs of
the Department of Surgery and School of Medicine is the Surgical Skills Center
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team members’ extensive experience in previous surgical environments and ability
to think outside of the box in terms of creativity. Porterfield et al. purport in their
article on Simulation and Faculty Development that “leading a simulation effort
requires vision, creativity in management, and team leadership skills” [35].
Experienced surgical scrub technicians empowered and led by surgeons as

SIU SURGICAL SKILL CENTER
RESIDENT EVALUATION FORM

COURSE: DATE:
SYLLABUS 0 - not applicable — did not read it
Content & Clarity: 1 2
session not described parts of the syllabus were clearly session described perfectly —
q laid out and had relevant content syllabus needs no impi
Effectiveness: 1 2 3
1 did not use any information parts of the syllabus prepared me the syllabus was a great source of
from the syllabus to prepare for the session, but it needs information — | was completely
for this session improvement prepared for the session
SESSION
Teaching 1 2 5
Expectations: taught me nothing new about Taught me about what | expected Taught me everything | need to
this procedure know about this procedure
Technical 1 2 3 5
Demonstration: instructor failed to clearly basic principles were principles and details were
demonstrate even the basic demonstrated, but details were demonstrated thoroughly
principles lacking
Practice: 1 2 3 5
received no hands-on practice I could perform this procedure received exactly the right amount
with supervision of practice
Confidence: 2 5
I would not be able to perform I could perform this procedure Ifeel | could perform the
this procedure except as an with supervision procedure on a human with no
assistant supervision
BENCH MODEL
Fidelity of the 1 2 3 5
Model: was not like human in anyway was adequate, but needs work was like operating on a human
COMMENTS:

Fig. 12.2 Skills lab evaluation

PLEASE COMPLETE REVERSE SIDE =
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FACULTY |
Feedback: ! 3 5

instructor did not
interact with me

feedback provided
will allow me to address
specific deficiencies

instructor listened attentively,
provided clear, effective feedback
so that | now exactly
what to do to improve

Level of Instruction:

1
instructor disregarded
students’ prior level of training|
and knowledge

3
instructor appeared to
be somewhat sensitive to
prior level of training

5
instructor was sensitive to
the level of training of
students and taught accordingly

Stimulates Enthusiasm:

the instructor appeared to
be going through the
procedure to get it over with

instructor was able to
generate some enthusiasm
about this procedure

| became excited about
learning the procedure
because of the instructor

Instructor’s Knowledge:

1
instructor’s knowledge of
this procedure was barely
more than mine

3
instructor was able to
teach at a satisfactory level

5
instructor’s knowledge of
this procedure is
complete — a master

FACULTY Il

Feedback:

Level of Instruction:

1

instructor did not
interact with me

3

feedback provided
will allow me to address
specific deficiencies

5

instructor listened attentively,
provided clear, effective
feedback so that | now

exactly what to do to improve

1
instructor disregarded
students’ prior level of
training and knowledge

3
instructor appeared to
be somewhat sensitive to
prior level of training

5
instructor was sensitive to
the level of training of students
and taught accordingly

Stimulates Enthusiasm:

1
the instructor appeared to
be going through the
procedure to get it over with

3
instructor was able to
generate some enthusiasm
about this procedure

5
I became excited about
learning the procedure
because of the instructor

Instructor’'s Knowledge:

1
instructor's knowledge of
this procedure was barely
more than mine

3
instructor was able to
teach at a satisfactory level

5
instructor's knowledge of
this procedure is
complete — a master

COMMENTS:

Return ASAP to Janet Ketchum, Surgical Skills Lab Director, Surgical Skills Lab, MMC, Lower Level Room G36

Fig. 12.2 (continued)

educators have been the backbone of the Surgical Skills Center since it was first
established. Not only do personnel work on developing new methods of learning for
residents and students, they stay up to date on the latest trends and techniques by
consistently working at least 1 day a week in the operating room to anticipate and
foresee potential for new innovation and improvement in surgical skills. These labs
and module development would be nowhere without their commitment and hard
work coupled with their creativity utilizing everyday materials to simulate real-life
operative experiences. Embracing and encouraging this culture of creativity among
educators and learners have been vital to the progression and innovation of the
Surgical Skills Center that has set it at the forefront of skills labs nationally.
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Developing the Models for Your Surgical Skills Center

Since the establishment of the Surgical Skills Center, Director and Skills Coach
Janet Ketchum CST, CSFA, and Coordinator Jenny Bartlett ST have fostered a com-
mitment to resourceful and novel applications of everyday items as opportunities
for realistic simulation of surgical skills training. By integrating everyday experi-
ences witnessing residents and others learn in the operating room with everyday
materials, realistic and cost-conscious surgical skills simulators have been devel-
oped. Examples range from using pork ribs acquired from a local butcher covered
in foam fabric headliner to simulate an easily replicable chest tube model to arrang-
ing hamster tubing into the shape of a colon using pegboard for a cost-conscious
lower endoscopy insertion model. These novel examples are only a few creative
innovations; for a more detailed step-by-step description of do-it-yourself models,
we invite you to read Best Practices in Surgical Education: Innovations in Skills
Training [36] or visit the Surgical Skills Center website [37] as the Surgical Skills
Center recognizes collaborative efforts across educational institutions and has dra-
matically improved the learner’s experience. Recently at the Surgical Skills Center,
pouring quality plastic molds has been a priority to improve reproducibility and
fidelity in light of cost-saving efforts.

Focus on utility and practicality of models has deterred excess use of anatomi-
cally precise expensive cadaveric models for routine learning modules; however, as
more advanced learning modules require commitment to anatomical acuity, the
Surgical Skills Center has risen to meet learning needs, often acquiring cadavers
when necessary. Additionally, more resources have since been devoted to the acqui-
sition of high-fidelity surgical skills trainers such as laparoscopic skills trainers,
colonoscopy/esophagogastroduodenoscopy trainers, and arthroscopy trainers.
During the move to the new location, significant resources were allocated to develop
a space dedicated to improving ease of use for learners and diversity in maximizing
interdisciplinary learning opportunities.

External Support

By teaming with a supportive local hospital, relationships with scrub technicians
and nursing staff have empowered significant cost-saving initiatives through instru-
mentation loaning programs, and the acquisition of functional expired surgical
items including sutures and other instruments has fueled the resource-intensive
environment of learning. By maintaining positive relationships with surgical manu-
facturing companies, box trainers and laparoscopic instruments were donated for
students to train on and improve their skills by task challenges such as moving rub-
ber items in between poles, picking up nuts and beans, and cutting mesh in a variety
of shapes. Additionally, many surgical companies provide educational research
grants that are attainable given the nature of a Surgical Skills Center’s directives
[38]. It is important to note that when trying to find solutions to meet the learning
needs of one’s programs, an institution doesn’t have to spend exorbitant amounts of
money to achieve its goals.



226 M.R. Romanelli et al.

Looking to the Future, Both Ours and Yours

Reflecting on our growth over the years, both in success and in failure, select priori-
ties have kept our focus aligned and enabled us to continue to progress. While the
size of a program, location of the skills lab, and available support at your institution
may change over time as ours have, what makes a Surgical Skills Center program
successful are continual learning needs assessments, a supportive culture of learn-
ing and leading, and most importantly the physical environment for learners and
teachers to interact, practice, and discuss the details of their craft outside of the
pressures of the live medical environment. While the needs of our institution have
changed throughout the years, continual reassessment has been paramount to the
development of our program and, most importantly, the learning of our students.

Now more than ever, the SIU School of Medicine J. Roland Folse, M.D. Surgical
Skills Center is recognizing the value in the learning needs assessments and corre-
sponding curriculum we set forth 16 years ago. Prioritizing the learner’s needs and
embracing a pursuant culture of learning are the primary reason behind why we
believe the initial residency boot camp curriculum at our institution expanded so
quickly. Attending surgeons were pivotal in leading the development of curriculum.
As the Surgical Skills Center maintains its commitment to continuous innovation, it
has overcome new challenges of learning in ways we didn’t think were possible; it
is the supportive culture of embracing change in learning that sets a program apart.

Recently, orthopedic surgeons in the community endeavored to provide contin-
ued medical education opportunities for their learning community. By utilizing
technological advances provided by the Surgical Skills Center in conjunction with
the Memorial Center for Learning and Innovation, surgeons were able to live stream
arthroscopy procedures on a cadaver model to improve the education of their resi-
dents, peers, therapists (both physical and occupational), and all care providers
along the orthopedic service line in pursuit of improved coordinated care. Moving
forward, we anticipate the Surgical Skills Center’s further integration into the medi-
cal and local community while fostering a commitment to interdisciplinary team-
work among care providers [39].
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Modern Theory for Development 1 3
of Simulators for Surgical Education

Yasser A. Noureldin and Robert M. Sweet

Introduction

Over the past few decades, different types of simulators have been introduced and
assessed for validity evidence for surgical training and assessment [1-3]. However,
the lack of a standardized process for simulator design and development has led to
a mismatch between the needs of surgeons and the products available. While tech-
nological gaps in anatomic, physiologic, and tissue fidelity were obvious, there
lacked a systematic way of addressing these issues. Each simulation laboratory or
company used its own process in isolation. This was reflected in the heterogeneity
of the usability, robustness, effectiveness, and applicability of available simulation
systems for medical/surgical education. In parallel, the American College of
Surgeons-Accredited Education Institutes (ACS-AEI) were rapidly spreading all
over the world, and simulators were becoming an integral part of the medical and
surgical training curricula. This expanded upon the demand for effective, usable
simulation systems to be developed.

In this chapter, a modern theory for a standardized process for design and devel-
opment of simulators used for medical/surgical education is presented and dis-
cussed. This theory depends on the concept of “backward design™ as part of the
Understanding by Design® Framework (UbD™) which was introduced by Wiggins,
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G. and McTighe, J. [4, 5] and the current “Standards for Educational and
Psychological Testing” which was produced by collaborative efforts of a committee
from the Educational Research Association, the National Council on Measurement
in Education, and the American Psychological Association [6], as well as the
Guidelines for Simulation Development which was developed by the Technology
and Simulation Committee of the Accredited Education Institutes Consortium [7].

Theory of Simulators Design and Development

According to the Standards for Educational and Psychological Testing 2014, test/
simulator development is defined as “the process of producing a measure of some
aspects of individual’s knowledge, skills, abilities, attitudes, or other characteristics
by developing tasks and combining them to form a test/simulator, according to a
specific plan”. A simulator-specific design/development plan should include all
steps and considerations in this process. The design/development plan is guided by
the expected interpretation of simulator scores for an intended use(s). Simulator
development is a multidisciplinary and interprofessional process that occurs through
collaboration of physicians, engineers, and industry. This process has four phases:
first involves assessment of the requirements from the physicians’ perspective, sec-
ond is translating physicians’ requirements to engineers’ requirements, third
involves the development of a prototype(s), and fourth is a validation process. The
transition to a manufactural product is an additional critical step but is beyond the
scope of this chapter.

Phasel:AssessingtheRequirementsfromthePhysicians’ Perspective Identifying
a training gap or unmet training need is considered an “opportunity” whereby simu-
lators can fill or satisfy. According to “backward design” principles, the desired
training objectives and outcomes should be firstly identified to guide the develop-
ment process. Training objectives and desired outcomes should be delineated in
collaboration with authoritative societies. During the needs assessment process, the
following questions must be considered: What will the desired simulator replace
(e.g., live patient, expensive teaching technology, or animals)? What are the curricu-
lar needs? What are the educational objectives to address? Will this simulator be the
most effective educational tool from a cost perspective? Is a demonstration of pro-
ficiency necessary and/or required for credentialing or certification? Will the data
derived from a simulation-based curriculum improve the quality of care and patient
safety? What is the required level of fidelity broken down into anatomic, physio-
logic, tissue and affective aspects of fidelity. and what learning objective domains
are predominant (cognitive, psychomotor, communication, or affective)?

Given the fact that the design and development of simulators are usually led by
engineers, it is the responsibility of the physicians to give a clear and detailed
answers about all aspects of the surgical procedure such as the indications, purpose,
how is it performed, and what is considered success and what is considered failure.
This is considered an excellent opportunity for engineers (developers) to interact
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with physicians and learn about terminology, anatomy, disease, surgical instru-
ments, and surgical procedure. A process called “cognitive task analysis” was found
to be optimal for this kind of interaction between developers and physicians. First,
gross task or “procedure” deconstruction into a number of steps is performed, and
cognitive task analysis (CTA) is then performed for each step of the procedure to
clearly describe the specifications and necessity of each step, delineate the visible
and hidden anatomic structures, explain the important cues which lead to correct or
wrong decision, describe the interactions and behaviors of tissues, and enumerate
the errors (commission, omission, or execution) which could be made during each
step. Watching a video of a faculty instructing a trainee would be an appropriate
method for demonstrating critical clinical aspects and the important outcome mea-
sures of the procedure [8].

Phase II: Translating Physicians’ Requirements to Engineers’
Requirements Clinicians’ perspectives, obtained from the CTA, are then translated
into engineering and art design requirements. During this phase, the characteristics
of the task or the procedure to be simulated should be fully understood. If anatomic
fidelity is a requirement, carefully edited anatomic datasets need to be imported and
edited accordingly. If physiologic fidelity is a requirement, verification of the func-
tion of the system as it relates to other organs critical for a given learning objective is
important. If tissue fidelity is a requirement, tissue behaviors that need to be observed
are identified by collecting tissues and studying its physical and biomechanical prop-
erties. This will lead to creation of more realistic “high-fidelity” tissue samples which
could be later used to obtain the desired organs. Anatomic data are obtained from
DICOM images from computed tomography (CT) and magnetic resonance imaging
(MRI) scans. The CTA also serves to identify and weigh each task, decisions based
on each task, and what needs to be assessed. Furthermore, performance metrics are
delineated and, whenever possible these should be used to give tutoring and feedback
in the form of an exportable performance reports. These performance reports have
pronounced importance with the increasing role of simulators in objective assess-
ment of technical skills to avoid the “halo effect” of subjective evaluation. If there is
a requirement to reproduce the feelings of interacting with the likeness of a real
human (affective domain), then verbal and nonverbal cues need to be carefully
thought out, and presented to elicit this response in the learner [9].

The development process is guided by a set of specifications which vary accord-
ing to the nature of the simulator and the intended use of the interpretation of simula-
tor scores. These specifications are created by the developers and include a statement
of purpose(s), target users or populations, content frameworks, construct to be mea-
sured, tasks, and scoring. Specifications concerning the intended use should mention
whether the simulator score(s) interpretation will be primarily criterion-referenced,
where absolute interpretations are always used, or norm-referenced, where relative
interpretations are always used. Content specifications should delineate what is to be
included to represent all aspects of the construct to be measured, and this could be
guided by theory or by analyzing the content domain. For example, delineating the
requirements to be credentialed as urologist is an important content specification for
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developing a simulator used for credentialing urologists [6]. These content specifica-
tions will be used as a guide for subsequent evaluation during the validation process.
Following delineation of specifications concerning the content and the intended use
of simulator scores, specifications regarding tasks and scoring which eventually lead
to performance assessment should be delineated. Task specifications should cover all
aspects of the construct in a way that the domain of activities and the vital dimen-
sions of performance covered by each task should be described. In addition, the
number of tasks, duration of each task, and how the user interacts with each task
should be detailed. Scoring specifications describe how each item or task is being
scored and how the overall items are combined to give one overall score. The scoring
process is either analytic or holistic, and both are based on clear performance criteria.
The holistic scoring procedure generates only one overall score based on the perfor-
mance criteria. The analytic scoring procedure generates an independent score for
each item of the performance criteria in addition to the overall score. While the ana-
Iytic scoring procedure could provide an idea about the points of weaknesses and
strengths of trainees, the holistic scoring procedure could be used whenever the skills
being assessed are highly interrelated, and overall judgment is only required. The
scoring process could be performed by either human judges (e.g., physical simula-
tors) or computer algorithms (e.g., virtual reality simulators). In the case of human
judges, scoring specifications should include qualifications of judges, how they were
trained, and how scoring discrepancies and bias among judges be checked and
resolved. In case of computer algorithms, scoring specifications should include how
scores are reproduced using algorithms. The degree to which the performance assess-
ment, guided by both the tasks and scoring specifications, reflects the domain or the
construct to be measured should be supported by both theoretical and empirical evi-
dence. This is particularly important for the validation process [6].

By the end of this step, a formal “requirements document” is generated, a “tech-
nology budget” is identified, and price sensitivity is assessed using the Simulator
Value Index (SVI) [10]. The SVI includes 17 parameters into an Excel® spread-
sheet, and it could be used to assess the simulator purchase process across stake-
holders, institutions, and countries. This step is important for market reassessment
as simulation development is expensive and the return on investment is slow.

Phase III: Development of Prototype(s) Following development and evaluation
of simulator specifications, development and verification of the items/tasks start
where simulator developers start creating items/tasks pool which consists of all pro-
posed items/tasks that are needed to be incorporated in the simulator to train/assess
what it is intended to train/assess. Thereafter, a set of items/tasks which meet the
simulator specifications are chosen and pretested or reviewed for accuracy, durabil-
ity, clarity, content, quality, and presence of any construct irrelevance prior to be
assigned task-specific description and scoring rubrics. The pretest or review process
is performed by reviewers who are aware of the content specifications and target
learner population who will be trained/assessed using this simulator. Simulator
developers should perform early verification and usability studies using the target
population. The analysis of data helps to identify some of the important aspects of
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the task such as task difficulty and the ability to distinguish among subgroups of
target population. This ensures the appropriateness and quality of items/tasks prior
to actual use. Thereafter, assembly and evaluation of items/tasks occur where the
selected items/tasks are assembled and one or more scenarios satisfying the require-
ments of simulator specifications are chosen to undergo multistage testing or adap-
tive testing. Prior to operational or actual use, a field test of these scenarios should
be conducted using the intended target populations to assess the appropriateness of
these scenarios and robustness of the model in real educational environments.
Internal structure including generalizability of the population to use the model and
reliability of scores can also be tested.

During this phase, the interdisciplinary team of developers perform a high-level of
breakdown to delineate the choice of models, scenarios, what it has to be measured,
the method of reporting back, the method of providing feedback, the learning man-
agement platform, and connectivity to other platforms. The resulting information is
used to make a timeline for the development process and is matched with the “tech-
nology budget,” and readjustments are done when it seems necessary making sure that
the development process will be successful, timely, and within budget. A preproduc-
tion prototype that demonstrates the design is then developed prior to heading to pilot
production where optimization of the manufacturing process and component selection
occurs to optimize the cost with the potential needs. The preproduction prototype is
used for verifying the degree to which it satisfies the technical and customer’s require-
ments, and refinement is performed to fill in the identified gaps prior to starting the
business process where launching the new simulator occurs [8].

By the end of this step, it is important to document verification standards and cre-
ate user manuals and/or user guides. These should provide information about the
simulator administration in terms of user agreement, instructions to users and admin-
istrators, and sustainability and scalability and configurability of the simulator and
also describe the environmental and safety considerations. Whenever possible, it is
highly recommended to encourage compatibility and interoperability of the simula-
tor in terms of connecting with other part task trainers and transfer of data. Instructions
to simulator users and administrators have to be pretested alongside the item/test
review prior to operational use to ensure fairness for all target population. For
instance, instructions for starting a task and the task language should be the same in
case of physical simulators. On the other hand, the same hardware specifications
(e.g., memory, speed, monitor size, display resolution) and software specifications
should be consistent in the virtual reality. There has been a recent trend of federal
funding for simulation systems focused on the creation of systems with open source
and open standards. An open source/open standards physiology engine has been cre-
ated and continues to be developed [11], and an Advanced Modular Manikin plat-
form is also under development [12]. These promise to rapidly accelerate the
applications of simulation systems for surgery and other health-care fields.

Phase IV: Validation It should be noted that this phase is not separate and it is
integrated through the other three phases as validation is an “ongoing” process and
extends the content to the consequences. Therefore, it starts from the early begin-
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ning of the simulator development process to look at the alignment of the content,
including skills, knowledge, and scenarios with the construct or domain intended to
measure and extends to assessment of the impact of training or assessment of the
target simulator. According to the current Standards for Educational and
Psychological Testing, validity is “unitary,” and validity evidences are collected to
either support or refute the interpretation of simulator scores for certain use not for
validating the simulator itself. The current standards described five sources for
validity evidence: content evidence, internal structure evidence, response processes
evidence, relations with other variables evidence, and consequences evidence
[6, 13]. The required level of validity evidence for a simulation-based curriculum
intended solely to train residents would require a different amount of evidence then
a curriculum intended to credential or certify an individual (high-stakes exam) [14].

References

1. Noureldin YA, Stoica A, Kassouf W, Tanguay S, Bladou F, Andonian S. Incorporation of the da
Vinci surgical skills simulator at urology objective structured clinical examinations (OSCEs):
a pilot study. Can J Urol. 2016;23(1):8160-6.

2. Noureldin YA, Fahmy N, Anidjar M, Andonian S. Is there a place for virtual reality simulators
in assessment of competency in percutaneous renal access? World J Urol. 2016;34(5):733-9.

3. Noureldin YA, Elkoushy MA, Fahmy N, Carrier S, Elhilali MM, Andonian S. Assessment
of photoselective vaporization of prostate skills during urology objective structured clinical
examinations (OSCE). Can Urol Assoc J. 2015;9(1-2):e61-6.

4. Wiggins G, McTighe J. Understanding by design. Alexandria: Association for Supervision and
Curriculum Development (ASCD); 2005.

5. McTighe J, Wiggins G. Understanding by design® framework. Alexandria: Association
for Supervision and Curriculum Development (ASCD); 2012. Accessed online on June
1st 2017 from the website http://www.ascd.org/ASCD/pdf/site ASCD/publications/UbD_
WhitePaper0312.pdf.

6. American Educational Research Association, American Psychological Association, and
National Council on Measurement in Education. Standards for educational and psychological
testing. Washington, DC: American Educational Research Association; 2014.

7. Millo 'Y, George I, Seymour N, Smith R, Petinaux O. Guidelines for simulation development:
a set of recommendations for preferred characteristics of surgical simulation; developed by the
technology and simulation committee of the accredited education institutes consortium; 2014.
Accessed online on June 1st 2017 from the website https://www.facs.org/~/media/files/educa-
tion/aei/guidelines %20for%20simulation%20interactive.ashx.

8. Hananel D, Sweet RM, Stubbs J. Simulator development — from idea to prototype to product. In:
Aggarwal R, Korndorfer J, Cannon-Bowers J, editors. ACS principles and practice for simulation
and surgical education research. 1st ed. Chicago: American College of Surgeons; 2015. p. 138-52.

9. Hananel, D. Sweet, R. Deconstructing fidelity for simulation in healthcare. Submitted to
Simulation in Healthcare.

10. Rooney D, Cooke J, Hananel D. The creation of a simulator value index tool by connected
consensus. Simul Healthc. 2014;9(6):427. DOI 10.1097/01.SIH.0000459322.91351.95.

11. BioGears Human Physiology Engine. Accessed online on May 30th from the website https://
www.ara.com/projects/biogears-human-physiology-engine.

12. Sweet RM. The CREST simulation development process: training the next generation.
J Endourol. 2017;31(S1):S69-75. DOI 10.1089/end.2016.0613. Epub 2016 Dec 22.

13. Sweet RM, Hananel D, Lawrenz F. A unified approach to validation, reliability, and education
study design for surgical technical skills training. Arch Surg. 2010;145(2):197-201.

14. Korndorffer JR, Kasten SJ, Downing SM. Validity and reliability. In: Tsuda ST, Scott DJ,
Jones DB, editors. Textbook of simulation: skills and team training. 1st ed. Woodbury: Ciné-
Med Publishing; 2012. p. 81-4.


http://www.ascd.org/ASCD/pdf/siteASCD/publications/UbD_WhitePaper0312.pdf
http://www.ascd.org/ASCD/pdf/siteASCD/publications/UbD_WhitePaper0312.pdf
https://www.facs.org/~/media/files/education/aei/guidelines for simulation interactive.ashx
https://www.facs.org/~/media/files/education/aei/guidelines for simulation interactive.ashx
https://doi.org/10.1097/01.SIH.0000459322.91351.95
https://www.ara.com/projects/biogears-human-physiology-engine
https://www.ara.com/projects/biogears-human-physiology-engine
https://doi.org/10.1089/end.2016.0613

The Surgical Workplace Learning 1 4
Environment: Integrating Coaching
and Mentoring

Jeanne L. Koehler and Emily Sturm

Aesop’s Fable: The Two Crabs [1] “My dear,” called out an old Crab to her
daughter one day, “why do you sidle along in that awkward manner?” “Why don’t
you go forward like other people?” “Well mother,” answered the young Crab, “it
seems to me that I go exactly like you do. Go first and show me how, and I will gladly
follow.”

Moral: Example is the best precept.

Introduction

Preparing surgeons who excel across a number of domains is a priority for medical
schools and residency programs, and this preparation is certainly an expectation of
patients. The Accreditation Council for Graduate Medical Education (ACGME) has
developed a number of milestones with the focus on developing “highly competent
physicians to meet the 21* century health and health care needs of the public” [2]
(p. 13). The Milestones Guidebook includes six competencies: patient care, medical
knowledge, professionalism, interpersonal and communication skills, practice-
based learning and improvement, and systems-based practice.

Given the life-and-death reality of the surgical environment and the surgeon’s
tremendous level of responsibility, it is hard to argue against expecting excellence
across a number of competencies; however, the complex surgical learning
environment may not be ideal for fostering student and resident growth across all
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competencies. Gofton and Regehr [3] summarize characteristics of this taxing
learning environment:

The context of surgical practice is not generally an easy environment in which to function. It
is marked by stress, responsibility, and pressure. It requires the management of multiple inputs
and demands during critically emergent situations. It is often performed under suboptimal
psychomotor conditions of sleep deprivation or after previous tiring surgeries. [3] (p. 4)

Not only is surgical practice a taxing learning environment, but also learners
come into the environment performing at markedly different levels across the differ-
ent targeted competencies. And certainly no one arrives to the surgical setting oper-
ating at peak performance in all areas. If our goal within surgical education is to
ensure learners grow and develop the knowledge, skills, and attitudes needed to be
effective surgeons, then education must be seen as a continuous process with learn-
ing as a social endeavor within the practice environment. Taking a process, continu-
ous learning approach recognizes learners’ differing performance levels, provides
flexibility for the complexity of the surgical learning environment, and promotes the
importance of ongoing, tailored, specific feedback across the competencies.
Although this seems to be an insurmountable task within the busy surgical setting,
creating a learning culture of mentoring and coaching within a workplace learning
environment may help demonstrate that meaningful professional relationships are
central for long-term growth and development in both life and work [3].

This chapter provides a brief overview of workplace learning, explores the roles of
coaches and mentors within these environments, provides a brief overview of research
around coaching and mentoring within surgical work environments, and offers path-
ways for building stronger cultures for coaching and mentoring. The chapter inte-
grates a modern tale of a surgical resident to provide an example of how coaching and
mentoring provide help within a very hectic workplace learning environment.

A Modern Tale of Surgical Mentoring and Coaching

Recently, a surgical resident experiencing a performance issue came into our
medical education office. He explained, “I need help with my communication
skills. I don’t know what that means.” Interestingly, this resident knew basic
aspects of communication: speaking clearly, body language, and active listen-
ing. He also fully accepted communication was an area for improvement.
However; prior feedback had been relatively vague, his awareness of his com-
munication style within the fast-paced surgical environment was limited, and he
was uncertain how to improve his performance. As the saying goes, we can’t fix
what we don’t know is broken. Given his limited awareness of the specific perfor-
mance gap, he was seeking an outside perspective to help. This resident’s story
is not unique, as many students and residents find themselves grappling with
varying performance issues within the clinical learning environment. While not
unique, this story does provide a practical example of how the role of mentors
and coaches may enhance performance in the busy world of surgical education.
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Workplace Learning

As medical students and residents become immersed in the clinical years, they tran-
sition from school-based learning environments into live, workplace learning envi-
ronments. Traditionally, the basic science years align closely with school-based
educational settings: classrooms, labs, self-directed/online learning time, and, for
some, problem-based learning in teams and small groups. The learning structure in
the basic science years is clearly defined (schedules, teacher directed), the knowl-
edge is broken down into smaller chunks (units, classes), professors and/or tutors
direct the learning process, and assessments are formal (tests, quizzes). The curricu-
lum is carefully crafted, objectives are clearly defined, and evaluations of perfor-
mance are standardized. When entering the clinical years, learning moves away
from the clearly defined structures of school-based learning and into a more
dynamic, less structured workplace learning environment. Some students and resi-
dents may have little prior experience learning “on the job.” Workplace learning
tends to be more process oriented, socially constructed, and ambiguous, and when
learners enter the particularly demanding surgical context, they may need guides to
help adjust to a more hands-on, relational approach to growth and development [3].

Researchers have explored the nature of workplace learning through a variety of
lenses (e.g., workplace learning, action learning, situated learning, and learning
organizations) [4—13]. While the lenses differ, the underlying arguments have simi-
larities: people within work environments are constantly learning in both formal and
informal ways [14]. The history of surgical education supports the idea that learning
through the practice of work is central to developing the necessary knowledge,
skills, and attitudes to become a surgeon. As a result, surgical education has heavily
relied on an apprenticeship model. The student/resident is proximally close to an
experienced surgeon who models, provides opportunities for practice, and, in time,
oversees the growth from novice to competent to proficient [15]. The apprenticeship
model might be questioned, and other models may have been offered, but what
continues within surgical education is a commitment to learning in the workplace.

This chapter scratches the surface of workplace learning; however, other chap-
ters may provide a more robust exploration. For this chapter, Billett [6] provides
four premises in connection with learning in the healthcare workplace:

e Learning occurs all the time.

*  Workers engage in work activities they also remake and potentially transform.

* As clinical knowledge is a product of history, culture, and situational require-
ments, it has to be accessed and engaged with to be secured by workers.

e Learning and development are two separate but interdependent processes.

Operating within the above premises, we argue, is the social and cultural nature
of working with others. In the surgical workplace, rounding, sharing experiences,
communicating with patients and families, making mistakes, and conducting team-
based procedures are done with high levels of social interaction. For brevity, we will
focus on Billet’s final premise that aligns with Vygotsky’s social development
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theory [16]. Learning is not necessarily development. For example, a student might
learn a piece of knowledge, a skill, and even demonstrate he/she has learned it;
however, he/she may not have developed proficiency or enhanced his/her skills as a
result of that learning. To explore the separate but interdependent nature of learning
and development, let’s return to the resident who recognized a need to improve his
communication skills.

A Modern Tale of Surgical Mentoring and Coaching (Cont.)

Through the ongoing performance review process, the resident found out his
communication skills were an area of concern. Recognizing communication
was an issue, he began to read articles and books about effective communica-
tion. When meeting with him, he demonstrated he knew the elements of effec-
tive communication. He explained that in the few weeks prior to reaching out,
he tried implementing the strategies. With frustration, he shared he was con-
tinuing to struggle in the surgical setting and, in particular, when attending
physicians were present. Learning about communication skills had provided
knowledge; however, defining the skills was not sufficient for developing com-
munication skills within the context of the surgical workplace.

Given the dynamics of the work environment, learning new concepts or trying to
address competency gaps outside the application environment is not necessarily suf-
ficient for improving performance. To learn and develop, individual engagement in
the workplace setting must be part of the learning process. Billett [7] reviewed five
different workplaces focusing on individual engagement at work. He found guided
learning strategies including modeling, mentoring, coaching, questioning, analo-
gies, and diagrams enhance learning and workplace performance.

If we accept guided learning strategies are important to improving performance,
then better integrating them within surgical education is important. Coaches and
mentors would play an important role in offering modeling, questioning, sharing
analogies, and helping learners to diagram their progress. In the surgical workplace
learning environment, residency program directors, attending surgeons, residents,
students, nurses, and other key members of surgical teams are able to serve as
coaches and mentors but would also receive benefits of being coached and men-
tored. To help medical learners with continuous learning and performance, an
important step is to recognize and adopt guided learning strategies. Creating a cul-
ture of coaching and mentoring within surgical workplace learning environments
embeds guided learning strategies in the natural flow of the workplace. When these
professional learning relationships are closely connected to the needs of the learner
(to grow, improve, address a shortcoming) and the emphasis is on continuous
growth, problem solving, and ongoing development, an action learning environment
is created [17]. Changing the learning cultural to actively include coaches and men-
tors may be difficult. Prior to moving forward, it is useful to define coaches and
mentors and explore whether or not coaching and mentoring positively impacts
performance.
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Coaching and Mentoring: Definitions and Impacts

If asked, many of us would be able to identify someone who has coached us in our
careers, and some of us would be able to identify someone who has served or is
serving as a mentor. When discussing what exactly is a coach or mentor, it is easy
to find a number of attributes that cross both mentors and coaches. As social beings,
we come to rely on one another for friendship, safety, support, laughter, wisdom,
and survival. This natural state of supportive interaction makes clearly delineating
the lines between friend, teacher, guide, mentor, and coach difficult. Each of us may
operate in any of those roles given the particular situation and time. Although diffi-
cult to distinguish between a coach and mentor within the surgical education envi-
ronment, definitions, characteristics, and attributes help frame the purpose and

nature of the different relationships [18-23].

Coaching [18-20]

Mentoring [21-23]

Definition A relationship “designed to “Is a dynamic, reciprocal
improve existing skills, relationship in a work environment
competence and performance, between an advanced career
and to enhance their personal incumbent (mentor) and a beginner
effectiveness or personal (protege) aimed at promoting the
development or personal career development of both” [23]
growth” [18]

Typical Short term Ongoing, long term

characteristics of the | Task oriented Career and life focused

relationship Performance focused Development focused

Strategist (may not have
expertise in specific field)
Promotes problem solving
Focus is on skill development

Expert, respected in field
Provides vision and advice
Emphasis on a reciprocal
relationship

Attributes of coach/
mentor

Works to identify goals and
needs of learner

Engages in direct observation
Provides specific performance
feedback

Collaborates with learner to
create an action plan (verbal or
written)

Provides follow-up and ongoing
assessment

Is committed and trustworthy
Offers a vision and guidance
Shares resources and wisdom
Provides a network of support
Encourages mentee’s ideas and
work

Engages in constructive feedback
Challenges mentees
Acknowledges contributions
Shares in success and benefits

With a clearer definition in place, the question becomes: Do coaches and mentors
impact performance in the workplace and even more specifically in surgical educa-
tion and academic medicine?

Benefits of Coaching and Mentoring

Recognizing that learning and development is situated in the workplace and is fos-
tered through authentic relationships gives credence to the roles of coaching and
mentoring. Having a mentor and/or coach impacts not only performance but also
has positive impacts on other aspects of individual development. A meta-analysis of
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coaching scholarship indicates coaching has positive effects on individual-level out-
comes that include performance/skills, well-being, coping, work attitudes, and
goal-directed self-regulation [24]. Coaching, based on this analysis, is an important
interventional strategy from a number of vantage points. In addition, coaching has a
strong effect on changing behaviors [25]. It is no surprise that formalized coaching
programs are being integrated in surgical programs to promote individual perfor-
mance improvement [26]. And the concept of coaching has expanded beyond face-
to-face coaching to include video-based coaching with the aim of improving surgical
technical skills [27, 28]. Coaching is being implemented in varying ways and is
proving to be useful in performance improvement.

Mentoring shares some similarities with coaching; however, it is more career and
long-term focused. Within academic medicine and in surgical education, the impor-
tance of mentoring is emphasized, “Mentoring is essential to the complex professional
and personal development of contemporary surgeons” [29] (p.717). In similar ways to
coaching, mentoring has positive impacts within workplace learning. Mentoring can be
split into two types, career and psychosocial, with career mentoring consisting of orga-
nizational, job specific, exposure, challenges, and protection. Psychosocial mentoring
consists of role modeling, acceptance and confirmation, counseling, and friendship
[30]. It is possible that a mentor offers both career and psychosocial mentoring at the
same time. Or learner may seek out a psychosocial mentor from another department.
For example, a surgical resident may seek out an attending in internal medicine because
they have a similar background (cultural, ethnic, gender, family, religion, language),
and their partnership provides a sense of comfort and friendship. Mentors may come
within and beyond the surgical education setting. Based on a meta-analysis of both
types of mentoring scholarship, mentoring research indicates: [31]

e Career mentoring has a correlation to compensation and promotion.

e Mentees involved with more psychosocial mentoring were more satisfied with
the mentoring experience.

e Both forms of mentoring were connected with higher career and job
satisfaction.

e Mentored versus nonmentored results revealed strong effects for career-specific
variables such as career commitment, expectations for advancement, and career
satisfaction.

In addition, mentoring, particularly in academic medical settings, appears to
offer additional benefits. Impacts have included increasing organizational stability
(sharing of institutional memory), assisting medical schools in recruiting and retain-
ing new faculty members, addressing gender and cultural inequities, building schol-
arly productivity, and increasing medical students, residents, and faculty members
with more personal development and career guidance [30-37]. In addition, surgical
trainees who have participated in mentoring relationships have found them to be
useful in the learning process [38]. A return to the story of the resident helps illus-
trate how both coaching and mentoring provide relationships that can help surgical
residents and students improve their performance and develop competencies.
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A Modern Tale of Mentoring and Coaching (Cont.)

During a meeting with his mentor, the surgical resident had shared his ongoing
struggles around communication. The mentor recognized this resident would
benefit from targeted coaching, and the mentor recommended visiting a coach
(called a performance and learning strategist to help alleviate the stigma that
sometimes comes with being coached). The surgical resident sought out the help
of our learning and performance strategist, and the strategist began to serve as
the resident’s communication coach. The resident selected a day and asked the
strategist to shadow him within the clinical setting. During the shadowing, the
strategist took detailed field notes focusing on the resident’s communication with
nurses, peer residents, attending physicians, and patients. During the shadow-
ing, the strategist served not as an evaluator but rather as an observer carefully
watching and documenting interactions. During transition times, the strategist
and resident talked about the resident’s successes, frustrations, and background.
After the visit, the resident and strategist went through the field notes. As the resi-
dent reviewed the notes with the strategist, he noticed areas of concern:

e [ walk away from people before finishing my sentences.

e [ use a lot of qualifiers when attending physicians are present, and this
reflects uncertainty even when I am certain.

o [didn’t answer the intern’s question and instead went on to a new topic.

The resident also identified areas of strength:

» [ take my time when answering patient’s questions.
* [ am confident when explaining tough concepts to my peers.
e [ value when peers raise different points of view.

As the resident and strategist debrief continued, the two discussed
approaches to addressing those areas the residents saw as areas of concern.
He decided he would be mindful when speaking with others and ensure he
kept eye contact until the end of the conversation. He planned to focus on
using clear and concise language when talking with attending physicians,
and he planned to get rid of statements of uncertainty in times of certainty
such as, “I am not sure, maybe the issue might be, I can’t be certain but.” He
would ask his peers to hold him accountable for not answering questions or
going on without addressing a key issue.

The resident created a performance plan with the help of the coach and sat
down with his mentor to review his plan of action. The mentor was able to
offer additional guidance on strategies, and the mentor also shared stories of
how he too continued to work on his communication. By the next performance
cycle, the attending physicians had confidence the resident had gained profi-
ciency in communication skills, and they commented on his marked improve-
ment. At that point, the resident and the mentor continued to explore career
progression as well as the resident’s scholarship.
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Embedding Coaching and Mentoring Within Surgical
Education

If we accept that coaching and mentoring are vital to learning and developing within
the complex surgical workplace, then we must identify ways in which to build coach-
ing and mentoring experiences. At this time, a culture of mentoring and coaching is not
yet a common practice in academic medicine. A systematic review of mentoring stud-
ies in academic medicine indicates that fewer than 50% of medical students and 20%
of faculty members have mentors [34]. If access to coaches and mentors within surgical
education aligns with the prior research in academic medicine and coaching and men-
toring seems to positively impact performance across different competencies, then it is
easy to see why surgical education faculty and leaders may want to implement strate-
gies to develop coaching and mentoring relationships in surgical education.

Before rushing to establish formal coaching and mentoring programs, it is impor-
tant to recognize that ideal coaching and mentoring relationships are organic, pur-
poseful, and reciprocal. Creating a program in which mentors or coaches are
assigned externally tends to be less successful than programs in which the coaches,
mentors, and learners are actively involved in establishing the partnerships. When
mentors, coaches, and learners have few shared interests with each other, they are
placed in awkward situations, and the connection suffers from an artificial arrange-
ment. Mandatory assignments make it difficult to find a topic, purpose, or shared
connection to discuss. Assigning mentors mandatorily is attractive as this approach
ensures every learner is matched with a coach or mentor, but that is often where the
benefits of mandatory assignments end.

Building formal coaching/mentoring programs often starts with reflecting on the
current organizational structure and culture. When integrating coaching/mentoring,
having a deep understanding of the organizational environment is imperative. This
includes but is not limited to the culture, work flows, system design, and reward
structures [39, 40]. A few questions to consider are as follows:

* Is mentoring and coaching already happening? Where is it happening? How is it
working?

* Who is taking an active role as a coach and/or mentor? What qualities do they
possess? What do learners say about being coached and mentored?

*  What resources do students, residents, and faculty members access when they
need help or assistance? Who is providing help when students, residents, and
faculty members face difficulty?

e What perception do our students, residents, and faculty members have about
coaching and mentoring? Is it seen as continuous learning or remediation?

* Are those who serve as coaches and mentors rewarded? If so, how? If mentoring
and coaching is currently limited or missing, how would coaches and mentors be
rewarded?

While specific frameworks and models of mentoring and coaching programs have
been offered, it is important to develop mentoring/coaching strategies that closely
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align within one’s department and organization [26, 39, 40, 41]. Having varying
mentoring/coaching models makes it difficult to research mentoring and coaching
organizations; however, ensuring mentoring and coaching relationships are embed-
ded with the surgical workplace learning environment is the greater priority.

In order for mentoring and coaching to work well, a supportive culture needs to
be in place. In a supportive culture, learners inherently have opportunities to con-
nect with mentors and coaches. Given the depth of competencies required of future
surgeons, surgical learners need access to a wide range of coaches and mentors with
varying skill sets. By having wide range of access to coaches and mentors, learners
will be able to align their experiences with their goals as well as build both formal
and informal relationships focused on development. Depending on the current cul-
ture of the surgical setting, the process for building a mentoring and coaching pro-
gram may range from a relatively natural transition to a more difficult, cumbersome
process. There are a few strategies that can help create and/or bolster a mentoring
and coaching program.

Find Advocates and Leaders for Coaching and Mentoring Most leaders are moti-
vated to ensure their students, residents, and faculty members are performing at
their best. Deans, department chairs, program directors, and teaching faculty mem-
bers serve as the leadership backbone of surgical education. In order to create a
successful mentoring and coaching culture, generating their buy-in for coaching
and mentoring is a must. To build a case for the power of mentoring and coaching,
the existing research around the impacts of coaching and mentoring is a good place
to start. Some of this research has been briefly referred to within this chapter, but the
chapter does not provide an exhaustive literature review. Exploring and sharing the
literature around coaching and mentoring often generates interest. In addition, most
people have stories in which a coach and/or mentor served a pivotal role in their
personal and professional development. When people recognize the role coaching
and mentoring played in their own success, they often want to create the same kind
of learning opportunities for others. Facilitating conversations around coaching and
mentoring in existing committee meetings, during casual hallway conversations,
and through formal one-to-one appointments is a good way to find those who will
advocate and lead coaching and mentoring initiatives. In addition, these conversa-
tions generate interest and provide insight into people who are interested in being a
coach and/or mentor. For mentoring/coaching programs to last, there needs to be a
champion who will move through the next steps. Identifying who (person, commit-
tee, department) will be responsible for having an ongoing commitment to mentor-
ing and coaching is a priority.

Provide Training and Development Around Coaching, Mentoring, and
Coachability The research on mentoring and coaching has led to the creation of a
wide range of training programs that help prepare people to coach and mentor oth-
ers. Prior to integrating coaching and mentoring in a formal sense, a wise strategy is
to offer training for students, residents, and faculty members. It is important for the
organization to pick the coaching/mentoring training program that fits best or to
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design a training program that matches the organizational needs. Regardless, coach-
ing and mentoring training should:

* Set shared expectations of the different roles.

* Clarify responsibilities and desired outcomes.

e Provide strategies and tips for fostering successful relationships.

e Create a learning environment in which coaching and mentoring is central.

¢ Identify questions and concerns so program can be modified and adapted to fit
organizational needs.

e Communicate approaches to use if the partnership is not working.

Plan for Difficulties and Be Prepared to Handle Mentoring and coaching are
built around people building working relationships with one another. Conflict,
communication breakdown, and discomfort with the partnership do happen (as
they do with all relationships). Mentors, coaches, and learners all need to know
how to handle when partnerships are not working well. With any coaching/men-
toring program, there needs to be steps for how to discontinue a partnership in a
professional, safe way. Thinking through how this can be handled ahead of time
and communicating that thoroughly can mitigate the negative effects of a failed
partnership.

Create Mentor and Coach Profiles and Share Those Broadly Once coaches and
mentors are trained, the next step is to make students, residents, and faculty mem-
bers aware of who is willing to serve as a coach and mentor. Some organizations
create profiles that are specifically focused on how a person can serve as a coach
and/or mentor. Profiles may include interests, specific skill sets, and career aspira-
tions. The profile allows for students to identify people within the greater organiza-
tion that align with their goals, interests, and learning needs. In addition, these
profiles help departmental mentors and leaders identify potential connections for
coaching. The sharing of these profiles broadly allows for those newer to the orga-
nization to find resources and form connections more quickly.

Model an Inquiry Mindset That Integrates Coaching and Mentoring at All
Levels With this step, we return to our beginning fable. We tend to follow the habits
of our role models. If our role models are not focused on continuous development
through coaching and mentoring, then the chances are their learners will not per-
ceive coaching and mentoring as an important aspect of ongoing development and
improved performance. The idea that we may need a coach or mentor may be per-
ceived as having a weakness that needs remediated. This negative perception can
ruin mentoring and coaching before these relationships ever get going. If those in
positions of leadership (residents, attending, directors, department chairs) model the
importance of continuous improvement through engaging with coaches and men-
tors, then those at the other levels of the organization will follow suit. While it might
be difficult for leaders to model individual coaching/mentoring, they can do so
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through a group approach to adopting a coach or mentor. Let’s say a surgical team
faces a problem within the clinical setting (teamwork, workflow, communication,
and performance). The attending decides to use an inquiry mindset to explore the
problem and seeks out the help of a coach/mentor at the group level. The team could
collectively work with the coach/mentor to demonstrate how coaching and mentor-
ing can help impact performance. Incorporating the process of coaching and men-
toring within the workplace learning environment helps to solidify a coaching and
mentoring culture.

Assess Mentoring and Coaching and Modify as Needed As with any aspect of sur-
gical education, it is important to assess and measure the impact coaching and men-
toring is having within the learning environment. This may not mean creating a
completely separate assessment. If an organization does yearly evaluations (student/
resident evaluations, employee satisfaction surveys), then adding additional ques-
tions around coaching and mentoring is a simple step. In addition to asking survey
questions about coaching and mentoring, continuing to have conversations about
coaching and mentoring at the individual, departmental, and organizational level
can provide insight and ideas on how to continue to improve coaching and
mentoring.

Summary

In a property insurance workplace learning environment, a much different setting
than surgical education, the education department had a motto to encourage educa-
tional innovation, “Go ahead and give it a try, we aren’t flying planes around here.”
This statement reflects the learners were in a workplace environment where they
could try a number of different educational strategies and no one would be hurt. This
is not the case in surgical education. Surgeons, surgical residents, and surgical stu-
dents have patient lives in their hands. To correct this saying for surgical education,
“We are flying planes around here.” With such important stakes in the workplace
learning environment, the educational strategies and innovations need to be closely
connected to the workplace environment, based on evidence of positive impact on
performance, and situated in a supportive culture of learning. Mentoring and coach-
ing can provide authentic relationships that are closely aligned with the performance
needs and goals of our learners. Creating a robust coaching and mentoring program
means learners have access to a wide range of coaches and mentors that can connect
with the competencies and milestones of becoming a high performing surgeon:
patient care, medical knowledge, professionalism, interpersonal and communica-
tion skills, practice-based learning and improvement, and systems-based practice.
The surgical workplace learning environment is rigorous, demanding, and stressful.
A culture of mentoring and coaching provides a social support system for those
experiencing one of the most challenging learning environments. In addition, men-
toring and coaching models learning as a lifelong endeavor in which social, work-
place relationships help us not only learn but also develop.
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Optimizing Research in Surgical 1 5
Residents and Medical Students

Danuta . Dynda, Bradley Holland, and Tobias S. Kéhler

Introduction

Excuse me Doctor, how can I get involved in research?

Residents and medical students pose this question to faculty at medical schools
and residency programs across the country. Research is quickly becoming a strongly
recommended option for medical students and an outright requirement in medical
schools, surgical residencies, and fellowship programs throughout the United States
[1]. In the ever-increasing competitive environment for residency, fellowship, and
academic positions in general surgery and especially its varying subspecialties,
research has become the go-to option for gaining that competitive edge for these
highly sought-after positions. The first challenge is to inspire surgical trainees to
utilize and amplify their natural curiosity. The next challenge is to find the right
research opportunities within their respective departments and institutions while
having actual time to commit to these projects without hurting other aspects of their
training (i.e., class load and rotations). The final challenge remains on how to go
about conducting this research with the appropriate training and oversight so as to
produce a timely, quality finished product that is publishable or presentable without
violating any rules.
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Inspiring Research

Whatever you can do, or dream you can, begin it: boldness has genius, power and magic in
it. W.H. Murray

The earth used to be flat and was located at the center of the universe, and smok-
ing used to be good for you. Without curiosity, questioning of the status quo, and the
scientific method, we still might believe the previous lists were true. Anyone who
has children knows they are naturally curious, often asking why? a bewildering
amount of times consecutively. What happens to this natural curiosity as we age and
become capable of answering some of these questions for ourselves? Surgical train-
ees are some of the most hardworking and intelligent humans on the planet. How
can we help (re)foster their natural curiosity and inspire them to try to answer ques-
tions they are passionate about?

Other chapters in this textbook demonstrate the power of culture in an organization.
Is the culture in your department one of intellectual curiosity? Does the faculty lead by
example and attempt and accomplish noteworthy research? Surgical trainees should be
taught to question what they are taught. A flattened hierarchy where this type of ques-
tioning is allowed improves patient care and stimulates the intellectual curiosity from
everyone. What are the scholarly requirements for your department? Our division cur-
rently requires one prepared manuscript submitted for publication per resident per year
along with mandatory abstract submissions and presentations in our local and regional
meetings. There is a rich history of surgical education culture at Southern Illinois
University School of Medicine (SITUSOM) — starting with its founders declaring it as a
core value. SIUSOM holds annual internal surgical research days where research is
acknowledged and celebrated. Competitions and awards for best research are given to
faculty (junior and senior), residents and fellows, and medical students. Does your
department create the means and opportunity to do research for faculty and surgical
trainees? How is research production rewarded or compensated? SIUSOM was deter-
mined to try to balance academic accomplishments in research and teaching with clini-
cal productivity To accomplish this, the Academic Incentive Program (AIP) was
created [2]. In brief, this system utilized a list of teaching, research, and academic ser-
vice activities with which full-time faculty used to report activities. Clinical faculty
members received incentive income based on credits earned based on 5% of practice
plan receipts. Similar successful systems have been developed at other institutions.

Dr. Donald Coftey, Professor of Urology, Oncology, and Pharmacology at Johns
Hopkins University School of Medicine, poses his “real final exam” to any student,
resident, or fellow that has come through his laboratory or classroom with the hope
that it will provoke their scientific thought process and serve as a guide in research
and in life [3]. He states:

I have no more insight into science than many others; I was just naive enough to list the
obvious to which most of us are blinded because of measurements by false yardstick and
examples which are always in vogue. I know that with time you can expand and improve
your own list. In my weakness, I give students so many sheets or handouts of useless data
to memorize that I thought a few important concepts might be worth sharing with you.
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It consists of the following questions and statements upon which he elaborates

(we highly recommend you read the entire original version which elaborates upon
all of the bulleted points and contains inspirational wisdom).

If this is true, what does it imply?

Generate more than one concept to explain your data and then give all possibili-
ties equal attention and effort.

You don’t have to assume anything that you can prove.

The experiment that didn’t come out the way you thought it would is the only
experiment that is really going to teach you something new.

Every datum is screaming to tell you something, but you must do the listening
and thinking.

What you are thinking about while you are coming to work determines your real
interest and will direct your accomplishments for the day.

A complex experiment is usually the least productive.

It is time to do some experiments; others must wait.

You are going to be surprised at the simplicity and beauty of the real
answer.

All new ideas are resisted by you, authorities, the editors, study sections, depart-
ment chairmen, peers, and friends. If this discourages you, you should retire
early. However, most criticism can be constructive if you listen with an open
mind.

A good paper is simple, clear, and to the point.

If two good investigators disagree and a paradox seems to exist, both of their
data are probably correct, and we just need a new explanation to encompass
both observations.

Give everyone credit.

Do not be fooled by the authority of the printed page.

Many bright people are paralyzed by negative thinking.

The most important ingredients are honesty, desire, clear thinking, confidence,
and hardwork.

Dr. Coffey concludes his article with:

If you are lucky, the world will be paying you a modest salary for what you consider your
hobby, and you, in turn, will be contributing to some important answers for our present and
future society. As you teach and lead, you will amplify your efforts and those of others, and
if appropriate, the influence will continue after you cease. What you learn from courses,
lectures and books that are reflected in your course grades will be a very small faction of
your FINAL EXAM. Good luck in your careers.

Finding the Right Research Project

Try to learn something about everything and everything about something. Thomas Henry
Huxley
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Residents

The Accreditation Council for Graduate Medical Education (ACGME) has outlined
requirements for scholarly activity and changed the focus from structure and pro-
cess to tangible scholarly outcomes in 2013 [4]. The requirements differ between
specialties based on the ACGME specialty-specific references for Designated
Institutional Officials (DIO), but there are three consistent requirements across all
specialties and subspecialties [1]:

e The curriculum must advance residents’ knowledge of the basic principles of
research, including how research is conducted, evaluated, explained to patients,
and applied to patient care.

e Residents should participate in scholarly activity.

e The sponsoring institution and program should allocate adequate educational
resources to facilitate resident involvement in scholarly activity.

These ACGME requirements have forced institutions to implement policies
requiring that all residents complete at least one research project in some kind of
capacity during the tenure of their training [1]. Some program requirements may go
beyond the basic minimum. In order to help facilitate this requirement, some of
these programs provide designated or protected research time which can range from
a 1 month research-only rotation, a full research year, to just protected time incor-
porated into each week [5, 6].

Residents seek to do research for three primary reasons. First, they do it to fulfill
their ACGME and institutional requirements for their postgraduate training, usually
resulting in a one-and-done project. Second, they want to further specialize and will
apply to fellowship programs or to an academic position and know that the more
research they do the greater likelihood of being accepted to their top institutions.
Finally, they have a genuine interest in research and answering questions that are
posed to them or they see as being recurrent in their training and want to strive to
seek out those answers.

Medical Students

The Association of American Medical Colleges (AAMC) conducted a survey in
2012-2013 asking all medical schools whether or not they have a research
requirement for students. Of the 136 schools that responded, 49 medical schools
confirmed a research requirement [7]. The types of research allowed to fulfill
the requirement included basic science, biology/chemistry/physics, bioengi-
neering/informatics, clinical, translational, public health/health services, or
ethics/humanities/social sciences. The survey showed an even distribution
among students on when they conducted the research throughout the 4 years,
including a fifth category designated for the time frame between the first and
second year.
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As medical students pass through their 4 years of schooling, they must decide
which specialty they want to go into. If they choose to go into general surgery, or
some of its subspecialties like orthopedics, urology, and ophthalmology, the level of
competitiveness intensifies with each level of subspecialty. Through the years stu-
dents have sought out varying ways to differentiate themselves from the pack with
ever-increasing USMLE scores, high-honoring courses, doing volunteer work, and
taking on research. The USMLE scores average above 230 (out of a 192 pass) if not
into the 250s and beyond in order to increase ones chances to obtain a surgical spe-
cialty residency [8, 9]. The 2016 National Resident Matching Program (NRMP)
charting outcomes report verified that those allopathic seniors matching into the
surgical specialties had two to three times as many abstracts, presentations, and
publications than nonsurgical with specialties with up to 13 recorded research activ-
ities on average [9]. Those students who matched into surgical specialties also pro-
duced more research than those who did not match into the same specialty [9]. With
only 49 medical schools requiring research programs and with NRMP reports, stu-
dents are often left to fend for themselves in finding research opportunities at their
perspective schools in order to enhance their residency applications to obtain a resi-
dency position in their desired field of medicine.

It is often used as a means of gaining a competitive edge for medical students
hoping to obtain residency positions in the surgical disciplines, surgical residents
planning further fellowship training, or fellows and residents seeking academic
positions upon completion of training.

Types of Research

Research is difficult to define because it is in itself a broad topic and can be con-
ducted in a myriad of ways. When focused within the realm of medicine, there is
still a plethora of options that fellows, residents, and students can choose to get
involved in. As the AAMC reported in their 2012-2013 survey, students conducted
research in a variety of fields including the basic sciences, informatics, clinical,
translational, and epidemiological. Below we will outline the types of projects that
medical students and residents alike could participate in.

Benchtop Research

Depending on the institution, basic science laboratory work may be an option for
conducting research. Some surgeons may have their own laboratories, or residents/
students can approach faculty in departments like microbiology and immunology,
pharmacy, and physics, in order to help in their laboratories. Benchtop research can
seem daunting and difficult to initiate from the perspective of a medical student or
resident. It comes with its own set of difficulties involving biohazard training, ani-
mal handling training, and Institutional Animal Care and Use Committees (IACUCs)
submissions. Another difficulty with benchtop research is the inherent cost factor
with regard to laboratory space, materials, animals, and their associated costs. Many
students and residents often join an already established laboratory to assist in
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ongoing projects or add to the concepts already being conducted in the laboratories.
A simple google search identifies a plethora of research summer programs ranging
for 4-6 weeks and even up to 1 year in length that are available for medical students.
Residents, when conducting benchtop research, often join the laboratory of a fac-
ulty member or use their facilities to conduct their research.

Case Reports

Case reports are easy ways for students and residents to delve into the foray of
scholarly activity. We advise our students to offer up their services in writing up a
case report any time they hear a physician say “well I have never seen that before”
or “that’s interesting!” Case reports are usually simple write-ups of 1-3 cases that
do not require institutional review board (IRB) involvement since they do not meet
the Common Rule [10] definition of research (a systemic investigation, including
research development, testing, and evaluation designed to develop or contribute to
generalizable knowledge). Of note, many publications are starting to require some
form of letter or acknowledgment from the IRB or the actual patient before publish-
ing the case report. Case reports are a great introduction because they have minimal
IRB involvement, still require a thorough literature review, initiate critical thinking
in requiring a thorough review of a patient chart in order to parse out the necessary
information, and provide exposure to the manuscript writing and submission
process.

Retrospective Chart Reviews

Retrospective chart reviews are great research projects for medical students and
residents alike. It is a widely used methodology that is applied in many healthcare-
based disciplines [11, 12]. They involve critical thinking and planning along with
exposure to actual protocol development. Chart reviews most often provide expo-
sure to exempt and expedited IRB submissions and the intricacies of the consent
waiver process. They allow for the residents/students to identify their own questions
and, through the review process and subsequent analysis, obtain an answer. They
are also a great starting point to obtain preliminary data that can result in further
studies. Conducting chart reviews also provides exposure to the creation of data-
bases and the application of statistical analysis of the extracted data.

Quality Outcomes

In the late 1990s, quality outcomes studies became a hot topic and have evolved into
a necessary part of most medical practices and hospital administrations. The main
goal of outcomes studies is to enhance good outcomes and diminish bad ones.
Outcomes studies can be further categorized into the following categories: morbid-
ity, mortality, pain, functional status, satisfaction, and costs [13]. Quality outcomes
do not require IRB approval because their main goal is not to create generalizable
data but to acquire information that will impact and influence local practice.
However, a research determination should be submitted to the IRB to verify that the
quality outcomes study is indeed not human subject research. These determinations
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are required by most publications, and most IRBs will not produce such a determi-
nation after the fact. The vast majority of quality outcomes studies are performed as
retrospective chart reviews of already recorded medical records, although they can
be designed to be prospective. Quality outcomes are not only conducted in hospital
and academic institutions, but they are also necessary for private practices since the
passing of the Affordable Care Act since reimbursement is now also associated with
high-quality services [14].

Prospective Randomized

Prospective randomized studies are more complex endeavors that require extensive
literature review, detailed protocol development, and, depending on the risk to
patients, a potential full IRB review. They also require a greater time commitment
during the hours of business to allow for not only screening but also to be able to
meet with patients to conduct the consenting process. For residents/students, pro-
spective randomized trials are more feasible if there is an extended frame of time
dedicated to research. Multicenter randomized clinical trials (RCTs) fall into this
category. Although residents and students have limited exposure as to their involve-
ment in RCTs because of their ever-changing schedules and rotations, they can
witness and obtain experience to such studies if they are conducted in any depart-
ments through which they rotate or train in. All RCTs also have an added complex-
ity involving confidentiality clauses requiring stringent lists of the associated
research personnel allowed access to the study with great regulatory effort needed
to add and remove personnel, thus limiting rotating residents and students in the
possibilities of fully participating in them.

Population Studies

Population studies are the current “hot” topic in research. These studies are used to
measure the impact of an intervention in a particular population (i.e., minorities,
women, rural vs. urban). They help to define if disparities exist between different
populations and if interventions need to be adjusted in order to bridge these dispari-
ties. The National Institutes for Health (NIH) and office of disease prevention has
identified six population studies [15] and has over 50 funding opportunities pertain-
ing to a search on disparities alone [16, 17]. Pop