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Abstract

Objective: There is a clear need for improved quality of research publications in the area of
cardiothoracic surgical education. With the goals of enhancing the power, rigor, and strength of
educational investigations, the Thoracic Education Cooperative Group seeks to outline key
concepts in successfully conducting such research.

Methods: Literature and established guidelines for conduct of research in surgical education
were reviewed, and recommendations were developed for investigators in thoracic surgical
education.

Results: Key steps in educational research are highlighted and discussed with regard to their
application to cardiothoracic surgical education. Specifically, advice is provided in terms of
developing a research question, educational methodology, ethical issues, and handling power and
sample sizes. Additional caveats of educational research that are addressed include aspects of
validity, survey conduct, and simulation research.

Conclusions: Educational research can serve to enhance the practices and careers of current
trainees, our scientific community, and thoracic surgical educators. To optimize the quality of such
educational research, it is imperative that teachers, innovators, and contributors to academic
scholarship in our field familiarize themselves with key steps in conducting educational studies.
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In recent years, research in the realm of surgical education has evolved substantially.
Scholarship in educational research has a frequent presence at the podium within our
cardiothoracic surgical meetings, with entire sessions at times concentrating on topics of an
educational nature. Certainly, outside of our niche subspecialty, surgical education research
has grown exponentially over the last 2 decades, with surgeons devoting entire academic
careers to educational pathways and attending national meetings focused on education alone.
While interest in educational research has grown, there has been an inevitable lag in
augmenting the strength of the educational research produced.

Claims abound regarding the frequent weaknesses of research studies in medical education,
such as the following pronunciation at an invited address to the American Research
Association: “the quality of published studies in education and related disciplines, is,
unfortunately, not high,” going on to remark that methodology experts have found that
greater than 60% of such published research involves methods that are completely flawed.
1.2 There exist numerous current issues in improving research efforts in medical education,
and they start with the most rudimentary of problems. For basic science, translational, and
clinical investigators, it is obvious that research inquiries begin with a precisely defined
research question; not surprisingly, this is also the key foundation of developing studies in
medical education.3 Nonetheless, it has been shown that the most frequent reason that
reviewers reject articles submitted to conferences in medical education have included issues
surrounding the lack of a good research question, problem statement, or research hypothesis
4 Thus, there is clearly a need for more hypothesis-driven research, at the very minimum,
without even delving into the means of evaluating said hypotheses.?

Similar findings have been drawn elsewhere, particularly within the realm of surgical
education. A review of 292 published articles on surgical education found that the majority
were editorial in nature, with less than 5% having an experimental basis.®> Frequent issues
are, again, lack of explicitly stated and testable hypotheses, as well as lack of
generalizability of issues arising from local, institutional concerns.>- Beyond the lack of
appropriate research questions, a systematic review of medical education publications
further found that additional issues with these articles included the absence of other key
elements, such as missing results in a majority of articles (54%) and a lack of appropriate
control group in others (56%).10

To ensure that research in medical and surgical education remains scientifically rigorous,
there have been trends to both measure quality and develop standards for educational
investigations. Although a number of authors have discussed the importance of appraising
the quality of clinical research studies, few instruments are available to specifically appraise
the quality of publications in medical education.1? Two tools, the Medical Education
Research Study Quality Instrument and the Newcastle—Ottawa Scale-Education, have been
found to be useful, reliable, complementary instruments for appraising quality of these types
of studies.! Such tools can allow for objective evaluation of educational research studies by
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providing quantifiable scores in specific domains related to various aspects of the
methodology, aiming to ultimately discern higher-quality educational research studies from
those that are not as strong in their design.

Beyond evaluating the quality of educational research, there have also been efforts to put
forth standards for studies that will be published in the realms of curriculum, assessment,
and training. In a proposal published in the Journal of General Internal Medicine, Cook and
colleagues8 suggested that standards were necessary to ensure acceptable quality of
educational scholarship. General standards from this proposal echo those previously
published elsewhere, touching on the issues of quality questions, quality methods to match
the questions, insightful interpretation of findings, unbiased reporting, and appropriate
attention to human subjects’ protection 81213

ENTER THE THORACIC EDUCATION COOPERATIVE GROUP

Recognizing the need to improve quality in surgical education research, and particularly in
cardiothoracic surgical education, the Thoracic Education Cooperative Group (TECoG) was
organized in 2014 on the premise that significant advances in thoracic surgical education
would be made by a cooperative approach to the design and conduct of studies on trainees
through multi-institutional research.14

Significant considerations in the conduct of TECoG’s research include the enhancement of
excellence, innovation, scholarship, cost-effectiveness and appropriate use of resources,
strict adherence to ethical research principles, and equal opportunities for both genders and
all race/ethnicities in thoracic surgical education. TECoG has several studies under way,
with some early successes published.1®16 TECoG aims not only to conduct high-quality,
appropriately powered educational research but also to raise the bar on educational
scholarship in the field of cardiothoracic surgery.

Thus, having highlighted a need for improved quality of publications in educational
research, we, on behalf of TEC0G, hope to assist investigators who want to design
scientifically rigorous studies in cardiothoracic surgical education by providing a brief
outline on how to do so (Figure 1).

KEY STEPS IN EDUCATIONAL RESEARCH

Seeking to provide recommendations for best practices in conducting educational research,
we conducted a literature review aiming to address key questions in the steps of performing
studies in medical and surgical education. The results of this review have been summarized.

Where It All Begins: Developing the Research Question

Although any number of questions related to education may be interesting and important
within a single institution, educational research serves the broader community of surgical
educators and should provide lessons that are generalizable to other educational settings or
subjects.1”
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The initial step in conducting high-quality research in education is the formulation of an
appropriate research question. Research questions should be focused, discrete, and testable.
18 Although many of these ideas may originate from anecdotal experiences within the
researcher’s own practice, a careful review of the literature will greatly help to frame the
question in the context of existing knowledge. Not only will this help to limit the
introduction of bias in the study design, but also contextualization of the question in the
literature will increase the generalizability of the eventual findings of the study. Of course,
given the newness of the field of thoracic surgical education, the literature search may be
limited by a lack of existing similar studies. Nonetheless, one should search for relevant
concepts, perhaps in other fields of medicine, and for any literature that may be pertinent to
the problem being addressed, even if the intervention may be novel. After conducting the
literature search and refining the question, one should keep in mind that the scope of the
question should also be narrow enough that a discretely identified and testable hypothesis
can be generated.

Have a Plan: Educational Research Design

Although educational research can take a variety of forms, the basic principles are common
among them. Once the research question is defined, the next step in the research process is
to choose the appropriate study design to answer the question. The design of a study is often
a critical determinant in the success of the project, and this is no less true in education
research. Educational research can be conducted both prospectively and retrospectively
using variations of studies that may be classified into 3 broad categories: quantitative,
qualitative, and mixed-methods studies (Table 1). Quantitative research involves the analysis
of numeric data to guantify trends and frequencies of a given phenomenon. In contrast,
qualitative research gathers non-numeric data to holistically describe a given phenomenon in
its natural setting. It seeks to explain “how” and “why” such phenomena occur through
observation and interviews.21

Quantitative studies are likely the most familiar to physicians and involve the collection and
measurement of discrete data. This type of research involves the analysis of numeric data to
quantify trends and frequencies of a given phenomenon. These studies typically focus on a
testable question or hypothesis that is determined a priori, and then use the data collected to
support or refute this hypothesis.2? For example, if you have introduced a new simulation
curriculum, you might hypothesize that this curriculum will more rapidly improve the
technical skills of the residents who participate than those who do not. Traditional statistical
methods are then used to compare groups with one another. For example, in a 2014 article,
Fann and colleagues?® described their experience with the thoracic surgery Boot Camp,
which was organized by the Thoracic Surgery Directors Association and the American
Board of Thoracic Surgery. In this investigation, the authors reported that focused training
on a porcine model and task station ultimately resulted in improved scores on recorded
videos of coronary anastomoses.

By contrast, qualitative studies focus on developing a better understanding of factors that
motivate behavior and gathering non-numeric data to holistically describe a given
phenomenon in its natural setting.23 They seek to explain“how” and “why” such phenomena
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occur through observation and interviews.2! As such, this study design is frequently not
focused on testing a predetermined hypothesis, but rather on the generation of a conceptual
model that explains the phenomenon or behavior of interest. Data collection in qualitative
research typically takes the form of individual interviews or focus group sessions. The text
of these sessions is then analyzed using an inductive approach to identify recurrent themes
and to develop an explanatory conceptual framework for the relationships being studied.24
Research designs may seek to develop new frameworks to explain concepts or to fit the
findings into an existing framework.2528 Unfortunately, many clinicians have considered
qualitative research as inferior to quantitative research, with many assuming that the former
is less rigorous and susceptible to a higher degree of subjectivity, whereas quantitative
analyses are more systematic and objective.2’ This is an inaccurate assumption. One
methodology is not better than the other; rather, each may be better suited for studying
certain research questions. Ultimately, the research question should drive the choice of
methodology. 2528

Questions based on how and why things occur are best answered by qualitative methods.
Such questions can be conceptualized into 4 types: exploratory (studies poorly understood
phenomena), descriptive (describes phenomena), explanatory (explains patterns related to
phenomena), and predictive (predicts the outcomes of phenomena).2°

The 3 primary techniques for collection of data in qualitative research are observation,
interviews, and content analysis. Observation involves watching subjects in their natural
environment to document their actual behaviors. Interviews are typically open-ended, verbal
questionnaires used to uncover people’s thoughts and attitudes about a phenomenon.
Content analysis involves analyzing written documents or other forms of communication to
obtain further information about a phenomenon.30

As the name implies, mixed-methods research combines qualitative and quantitative
research methodology. In mixed-methods studies, quantitative methods are used to identify
measurable outcomes, for example, the difference in performance between 2 groups, such as
comparing changes in in-service scores for trainees over time, from before they had access
to an online curriculum and afterward.19 In this example, to complete a mixed-methods
study, qualitative interviews could then be conducted to develop a better understanding of
the factors that might have contributed to those differences. (Were they learning more from
direct interaction with the curriculum? Did access to the curriculum reflect other aspects
about the training environment or the learning style of the trainees?) Although multivariable
quantitative methods can theoretically perform a similar function, these strategies are limited
to the variables present in the dataset. Combining qualitative observations with these
quantitative data provides an opportunity to understand unmeasured factors that may
influence the outcome of interest. This may provide a more comprehensive understanding of
a complex research question than either methodology alone. To ensure the academic rigor of
mixed-methods studies, researchers must have clearly defined research questions and
explicitly report the methodological components involved. Ideally, a powerful study should
be a collaboration between experts in both methods of research given its complexity.3!
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Protecting Your Trainees: Ethical Issues in Surgical Education Research

Protection of the rights of human subjects is a key consideration for any study that seeks to
create generalizable knowledge. In education research, as many as 3 distinct groups of
subjects may need to be considered: students/trainees, who are the focus of educational
interventions; teachers, who are often the individuals delivering the educational
interventions; and patients, who are potentially affected by these interventions.18

Given these wide-ranging constituencies, proactive communication with the institutional
ethics committee or Institutional Review Board is often valuable for the educational
researcher. In cases in which data are to be collected prospectively, or when identification of
the individual subject is important to the study, such as in longitudinal measures of
performance, consent documentation may be required. However, when the impact of an
educational initiative or intervention is being studied in an aggregated group, specific
individual consent may not be necessary. One example of this scenario is a recent trial
assessing the impact of work hour regulations for surgical residents on patient outcomes.32
In this study, the Institutional Review Board determined that the intervention was a policy
experiment because it occurred at the institutional level and did not require specific consent
from residents or patients who were affected by the change in policy.33

Sampling and Power: Do Your Findings Matter?

The generalizability of the research findings will hinge on 2 key facets of the study design.
First, how were subjects for the study chosen (the sample). Second, is the number of subjects
or observations included in the study sufficient to provide adequate power to draw
generalizable conclusions. If the sample is too specific to an individual group or setting or is
too small to provide adequate power, the findings of the study cannot necessarily be applied
to other settings. Although this does not invalidate the observations themselves, it does limit
the utility of the research to others.1” When developing a study for publication, it is
important to understand the ability to determine meaningful differences in the measured
outcome and to develop findings that can be generalized beyond the studied population.18
This concept, referred to as the “statistical power” of the study, reflects the likelihood of
detecting a difference between 2 groups if such a difference exists.22 The power calculation
is influenced by the effect size of the intervention, the desired power itself, and the
significance level. Power is typically set at a minimum threshold of 80% and the significance
level (or Pvalue) at 5% (P =.05) in most studies. The effect size is typically drawn from
prior experience or from the literature and is an estimation of the magnitude of difference
expected between groups due to the study intervention. By knowing these variables, a
sample size can be calculated to determine the number of participants necessary to draw
statistically meaningful conclusions.

Of note, when considering statistical aspects of the study design, seek consultation with a
biostatistician to assist with the methodology and planning of the analyses. Such expertise
will not only help ensure adequate power but also enhance the rigor of the study in ways that
may often be overlooked by educational researchers.
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HIGHLIGHTED SPECIAL ISSUES IN EDUCATIONAL RESEARCH

Validity

Validity is a fundamental cornerstone of the scientific method. It refers to the credibility and
accuracy of a study and its ability to measure what it intends to measure. There are 3 major

types of validity: criterion-related validity, content validity, and construct validity (Table 2).
29

Criterion-related validity refers to the correlation between test scores and some criterion
believed to be an important indicator of the ability being tested. For example, criterion-
related validity would be applicable in considering whether in-service scores adequately
predict the likelihood of passing the actual qualifying exam. Content validity refers to the
extent to which an assessment method covers the subject matter. Continuing the example of
the in-service exam, content validity would consider whether the exam truly covers the
breadth of cardiothoracic surgery; in other words, is the exam representative of the field of
study? Construct validity is the ability of a test to assess traits, qualities, or other phenomena
that cannot be directly measured.34:35.EL Safety of a surgeon cannot be directly measured,
but the certifying exam is believed to help distinguish between those who are safe to practice
independently and those who are not—but it presumes a certain level of construct validity in
the exam.

Validity has recently been reconceptualized as a unitary concept to replace the 3 former
types, with construct validity the predominant term used to incorporate all forms of validity
under a single notion.E2 The major change under this concept is the idea that a test is not
inherently valid or invalid; rather, the conclusions drawn from the results are judged for
validity.E3 In this reconceptualization, what was once known as content validity can be
described as evidence of the test content, whereas what was previously deemed criterion-
related validity serves as the evidence of relationships to other variables. Viewing validity in
such a way requires the test-user to approach validity as a hypothesis, critically evaluating a
wide range of empirical evidence before accepting or rejecting the test results.

There are 5 subtypes of validity evidence that aim to address the central issues implicit to the
unitary concept of validity. In contrast to the 3 categoric “types” of validity, these 5
components are interwoven and function as general validity criteria. They include test
content, response process, internal structure, relationship to other variables, and
consequences of testing.E#

Evidence based on test content refers to the specifications of an assessment (ie, tasks,
wording, format) and how well it measures the construct in question. Evidence based on
response process evaluates the extent to which the test requires the subject to demonstrate
the trait or skill of interest. Evidence based on internal structure examines the properties of
the assessment to determine its reliability and reproducibility. Evidence based on
relationship to other variables refers to the generalizability of a test result across different
sample groups and settings. Finally, evidence based on the consequences of testing evaluates
whether test results are used as intended and in a meaningful way.E>
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There are 2 major issues that obstruct validity: content under-representation and construct-
irrelevant variance.E8 Content under-representation occurs when an assessment contains
insufficient items/tasks to assess the full scope of the construct in question. Construct-
irrelevant variance refers to extraneous, uncontrolled, and unrelated variables that affect
assessment outcomes.

Conducting Surveys

Before constructing a survey, the designer must ask the following: “What is the purpose of
this survey? What do | want to learn? Who is the target population? How will I collect and
present these data?” Establishing a clear plan and purpose will ultimately drive the
production of a well-designed survey.2

In general, well-designed surveys are simple, yet complete (ie, addresses all questions
pertinent to the research project) and user-friendly.E”-E8 They should be short and
conversational, using familiar vocabulary and avoiding double-barreled, double-negative,
and biased questions. There should be an option for “other (please explain)” with room for
explanation in multiple choice questions, because this allows for collection of qualitative
data. Overall, careful planning of question content will help to maximize respondent
engagement and reliable survey responses.

The researcher should maintain consistent communication with the respondent, providing
them with multiple opportunities to participate in the survey. Such strategies include sending
reminders at regular intervals, which has been suggested to improve response rates.E®

Behavioral scientists can be extraordinarily helpful in both the design and the analysis of
survey-type research, and their involvement should be enlisted early to ensure that the
methodological approach is appropriate. To achieve a desired level of scientific rigor, one
should consider strengthening the study by collaborating with field experts—a concept that
holds true throughout educational research studies of all types.

Simulation Research

Simulation has been defined as “a technique, not a technology, to replace or amplify real
experiences with guided experiences, often immersive in nature, that evoke or replicate
substantial aspects of the real world in a fully interactive fashion.”E10 It is a useful tool in
assessing, informing, and modifying behavior to improve real-world performance in a
variety of domains. Simulation tools may be of low or high fidelity, meaning the extent to
which the details of the situation exactly mimic real life. For example, a low-fidelity
cannulation simulation may include all the necessary elements of an aorta, a cannula, and
sutures, but may have little else. A higher-fidelity model may include a realistic-appearing
patient and a simulated cardiopulmonary bypass machine. Low-fidelity models tend to be
less expensive, but are not necessarily any less effective, because both types of simulation
have been shown to be beneficial.

Despite the heavy and well-established use of simulation in commercial aviation and other
nonmedical industries, simulation training has only gained interest and momentum in the
medical profession in recent years. In particular, surgical simulation is now seen as a
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powerful tool in surgical training, providing a safe and realistic learning environment for
surgeons to develop their skills and ultimately improve patient safety.

Access to simulation and skills laboratories is now a requirement for surgical residency
programs; however, it is largely unknown as to whether skills learned in simulation are
transferable to the clinical setting. A recent meta-analysis of the limited literature on this
topic found that the skills are indeed transferable; however, further research must ensue to
explore this critical question.E1! Furthermore, successful integration of simulation into
surgical training programs is a challenging task with many other unanswered questions,
specifically on the design of standardized curricula with robust metrics for performance
evaluations.F12.E13 Any evaluation of simulation and its impact on subsequent performance
must take into account the quality of the assessment tools being used. Moreover, many
studies of simulation are underpowered, single-institution evaluations, further highlighting
the importance of previously mentioned concepts in sample size and power.

Simulation training may have the capacity to rapidly revolutionize surgical education, but a
number of aspects of simulation and its integration remain largely unknown. One major
question is how best to establish criteria and passing scores for competency-based
assessments using simulation. Even then, how transferable are these proficiencies to the
clinical setting? Other questions surround issues of cost and accessibility of simulation
training programs. Currently, there are more than 90 simulation centers accredited by the
American College of Surgeons.E14 This provides a great opportunity for multicenter
collaborations to address the many unanswered questions regarding simulation in surgical
education.

Additional Resources

For those interested in conducting educational research, there are a number of resources
available within thoracic surgery and within the greater scope of general surgery (Table 3).
Joining TECoG is an easy means of entry to the field of surgical education, with
opportunities to collaborate with experienced educational researchers and to participate in
discussions critiquing and optimizing these types of studies. To gain knowledge from a
larger population of experts in surgical education, there are entire tracks devoted to the topic
within meetings, such as the American College of Surgeons, Surgical Education Week, the
collaboration of the Association for Surgical Education, and the Association of Program
Directors in Surgery. These can be of enormous benefit to broadening one’s understanding
of the breadth of research opportunities available in surgical education. There are several
excellent publications that may serve as primers for conducting educational research, such as
the Association for Science Education’s Guide for Researchers in Surgical Education.2® For
those interested in delving into scholarship in educational research to a greater extent, with
dedicated time toward expanding knowledge in this realm, there are a number of programs
available, ranging from the Association for Science Education Surgical Education Research
Fellowship Program to Masters programs throughout the country for health professionals
interested in advanced degrees in health education.
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CONCLUSIONS AND FUTURE DIRECTIONS

By outlining the means of conducting appropriate educational research, we hope that we
have inspired thoracic surgical educators to apply more rigorous methods to their current
means of evaluating their interventions and perhaps motivated talented researchers to
consider education as another path toward scholarship. In other surgical specialties, it has
become acceptable and even desirable to develop academic careers that focus on educational
scholarship, with surgeons, surgery residents, and medical students attaining advanced
degrees in education-related fields.E1> Such growth of surgical education as a career focus in
cardiothoracic surgery has yet to become popularized. However, perhaps this trend will
extend into our specialty as well, with general thoracic, adult cardiac, and congenital heart
surgeons choosing educational research as their academic career pathways.

Certainly, there are still several key limitations in thoracic surgical education research. Of
utmost significance, our field lacks universal consensus regarding the goals of training and
the expected end points upon matriculation into the workforce. Without a clear, defined
expected outcome upon that we can all agree, we remain challenged in our ability to
measure the success of our efforts in achieving the desired goals. Moreover, although early
efforts have been put forth to establish criteria for evaluating the quality of educational
research, these tools are immature and limited in number, and further frame-works are in
need for evaluating the success of educational innovations. Nonetheless, great strides have
been made in progressing surgical education scholarship within cardiothoracic surgery, and
the future leaves much room for ongoing growth.

As we aim to improve the quality of research in thoracic surgical education, we hope to see a
subsequent impact on the quality of training for future generations in our specialty. Just as
we study our clinical outcomes to improve patient care, we must acknowledge that it is
necessary to study our educational interventions to improve the future of cardiothoracic
surgical training. Certainly, there will remain challenges and limitations to our educational
research studies, as is the case with clinical, basic science, or translational research.
Nonetheless, high-quality educational research serves to enhance the practices and careers of
current trainees, our scientific community, and thoracic surgical educators. Moreover, as we
seek to optimize the quality of thoracic surgical education research, we may someday hope
to influence medical education beyond the scope of our own specialty.

Abbreviation and Acronym

TECoG Thoracic Education Cooperative Group
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Central Message

Research in cardiothoracic surgical education is of utmost importance, but adherence to
standards of scientific rigor is critical.
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Perspective

There is a clear need for improved quality of research publications in the area of
cardiothoracic surgical education. With the goals of enhancing the power, rigor, and
strength of educational investigations, the TECoG seeks to outline key concepts in
successfully conducting such research.
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* |s it focused?
Develop a valid question o |s it testable?
¢ |s it relevant to others?

¢ |s the question best answered quantitatively or
qualitatively?

* Do you have (or can you achieve) adequate
power to answer the question?

¢ Is your study sample a generalizable cohort?

* Has your study instrument been previously
validated? If not, can you demonstrate validity?

Choose the appropriate
study design

* Would a behavioral statistician help?
* Do you need guidance from an educational
expert?

Enlist expert collaborators early to
help with design and analyses

Consider human subjects protection
and obtain needed approvals

FIGURE 1.
Key steps in educational research. There are a number of key steps to consider when

embarking on an investigation in the area of education.
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TABLE 1.
Examples of key types of educational research
Type of
research Example publication Study aim
Quantitative Antonoff and colleagues, 2016 Comparing in-service exam scores before and after access with the national online

Qualitative

Mixed methods

Survey

Simulation

curriculum?®
Vaporciyan and colleagues, 2017 Using a Delphi approach to identify key steps of a coronary artery bypass proceduref16

Minter and colleagues, 2015 Using structured surveys and open-ended reflective questions from surgical interns at
multiple institutions to determine perceived preparedness for the transition from medical
school to residency&l”

Boffa and colleagues, 2012 Querying graduates of thoracic residencies to determine self-reported thoracoscopic
lobectomy proficiency&!8

Fann and colleagues, 2010 Assessing impact of focused training on a porcine model and task station at the Boot
Camp on subsequent scores in recorded videos of coronary anastomoses2°
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TABLE 2.
Types of validity
Validity type Definition
Criterion-related validity Correlation between outcomes of the assessment tool and defined criteria indicative of the ability being tested
Content validity Extent to which the assessment method covers the subject matter
Construct validity Ability of an assessment to evaluate traits that cannot be directly measured

Unitary concept of validity ~ Conclusions of assessments are judged for validity rather than the assessment tools themselves. Content validity
serves as evidence of the subject matter, and criterion-related validity serves as evidence of relationship to other
variables.
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