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a Changing Horizon
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Abstract Assessment is an integral component of training and
credentialing surgeons for practice. Traditional methods of
cognitive and technical appraisal are well established but have
clear shortcomings. This review outlines the components of the
surgical care assessment model, identifies the deficits of cur-
rent evaluation techniques, and discusses novel and emerging
technologies that attempt to ameliorate this educational void.
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Introduction

In a simplistic sense, the purpose of assessment and certifica-
tion is to enhance learning and to ensure that the candidate is
competent in all aspects required of their profession [1]. To
this end, the character of assessment in medical education has
been dissected, evaluated, and refined for more than two de-
cades. This interest has led to broader notions of what assess-
ment should be doing than in the past [2].

However, surgical residencies in the USA, Canada, and
Western Europe have traditionally incorporated a limited
number of methods to evaluate their learners. These tech-
niques focus on technical and cognitive abilities and are lim-
ited in their scope of assessment. This review outlines the

components of the surgical care assessment model, identifies
the deficits of current evaluation techniques, and discusses
novel and emerging technologies that attempt to ameliorate
this educational void.

Components of Surgical Care Assessment Methods

In order to understand the breadth of methods available to
assess cognitive and technical competence, the surgical edu-
cator must first understand the scope of surgical practice. For
this strategy, a useful schema describes four components of
surgical care: diagnosis, treatment plan, technical perfor-
mance, and postoperative care [3].

Diagnosis Diagnostic ability is essential in all areas of clinical
medicine. In both acute and elective settings, a surgeon must be
able to elicit a clear and relevant history, perform and interpret a
focused physical exam, and request diagnostic tests. The surgeon
must then analyze all of the data to formulate a differential diag-
nosis. Assessment should therefore include some method of de-
termining howwell a candidate can gather information and use it
to generate the possible causes of the patient’s presentation.

Treatment PlanWith information gathered and interpreted, the
surgeon must formulate a plan of action. This requires an under-
standing of available options, their alternatives and the relative
merits of each. When developing a plan, the surgeon must also
recognize his or her own abilities, the capabilities of the institu-
tion and be able to communicate this information with the pa-
tient. The plan and the surgeonmust also be flexible and adapt as
more data becomes available or as the situation evolves. In this
context, assessment must be able to examine how well a candi-
date is able to integrate their medical knowledge and diagnostic
abilities into a workable realistic process for the patient.
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Technical Performance Technical dexterity is often incor-
rectly the sole focus when considering a surgeons ability to
perform a procedure. While technical dexterity is important,
intraoperative decision-making is paramount to safely and
successfully execute any surgical procedure.

Dexterity refers to the psychomotor aspects required to per-
form the planned procedure. In surgery, this is more than the
eloquent movements that are esthetically satisfying to the un-
trained eye. Rather, it includes subtle motor abilities such as
delicate tissue handling, correct tissue apposition, and tying su-
tures under the correct tension.

Intraoperative decision-making refers to the cognitive
processes surgeons use to navigate though a procedure.
This is the product of a surgeon’s knowledge and judg-
ment. Knowledge allows the surgeon to recognize intra-
operative events and predict their effect on the procedure.
Judgment relates to the relative importance the surgeon
places on that event. For example, if a small bowel serosal
tear is encountered intraoperatively, knowledge will tell
the surgeon of the possible effects of this injury (leakage,
stricture, or indolent). The surgeon’s judgment will then
be used to determine its importance (small tear means
inconsequential, large tear means serious consequences).
Based on these factors, the surgeon will decide whether or
not the tear needs to be repaired.

As described, technical ability is a function of multiple
competencies. Assessment methodology must therefore be
robust and inclusive of the dexterity and decision-making
skills required of a surgeon.

Postoperative care is a complex period that includes
multiple disciplines and services. In this stage of the treat-
ment plan the patient interacts with, among others, the
surgeon, nurses, physiotherapists, and dieticians to ensure
overall care. In this phase, the surgeon must evaluate and
re-evaluate the patient’s progress. If complications arise,
the surgeon must utilize diagnostic, planning and, if nec-
essary, technical abilities to correct them. This final com-
ponent of surgical care illustrates the intricacies of surgical
practice in that several aspects may interact simultaneous-
ly. Therefore, any assessment method employed should be
flexible enough to measure a range of competencies
simultaneously.

Current Assessment Methods in Surgical Education

Current assessment methods in postgraduate surgical
training focus on the mastery of cognitive and technical
outcomes. Traditionally, summative assessment is
employed at the end of training for certification [4].
Knowledge objectives are typically assessed through writ-
ten tests and oral examinations and technical skills are
evaluated by final in-training evaluation reports (ITERs).

Cognitive Assessment

Written examinations have been a staple of medical assess-
ment for many decades. Formats typically used in surgery
include subjective instruments such as essays, and objective
instruments such as supply-item (short answer and Bfill in the
blank^), multiple-choice, and extended matching tests.
Overall, the unifying advantage of the written examination is
that questions, marking schemes, and process can be
standardized.

In general, the essay format allows free form response so
that a candidate may select, integrate, and evaluate relevant
information at length. However, although this format is useful
for assessing a student’s organizational skills and thinking
process, it is problematic in surgical education. First, due to
item length and the time required for marking, the essay is
limited in the scope of content that can be assessed. As well,
even with standardized marking schemes, reliability is ex-
tremely difficult to ensure due to the inherent variability in
markers perception of style and organization. For these rea-
sons, the essay format is rarely utilized in surgical assessment.

Multiple choice, supply item, and extended matching for-
mats are examples of objective tests. Common to all is that
they involve performing a structured activity for which a lim-
ited kind of response is possible. Answer schemes are absolute
and quite reliable. These tests are useful for assessing factual
information, are relatively easy to develop, do not require
extensive resources to mark, and can measure a variety of
learning outcomes. The key disadvantages are that examined
content tends to be limited in depth and clinical performance
remains un-examined.

The oral examination has been ingrained in surgical eval-
uation for decades. This format allows some assessment of
facts but also allows for integration of information [3].
Traditionally, the candidate is challenged with a clinical vista
and the case unfolds based on examinee response. The
strength of this technique is that, based on responses, exam-
iners can explore content in varying depth as appropriate.
Also, the process by which the candidate arrives at a conclu-
sion may be analyzed. This is realistic for clinical medicine as
an incorrect conclusion based on sound reasoning is justifi-
able. Specific to surgical specialties, this format is able to
assess intraoperative decision-making.

The chief difficulties with this method relate to standardi-
zation, objectivity, and assessment of performance. As this
method is generally a Bfree flow^ interaction between candi-
date and assessor(s), it is difficult to standardize format.
Additionally, the ultimate structure of the scenario is deter-
mined by complex interactions between candidate and exam-
iners that involve subjective interpretations of questions and
responses. Furthermore, the oral examination may be seen as
an intimidating process and some candidates may be disad-
vantaged by being more intimidated then others [3]. Finally,
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this format only assesses what the candidate says they would/
can do which may not reflect actual performance ability.

Technical Assessment

Theoretically, the ongoing analysis of a trainee’s day-to-day
work is an attractive way to assess performance. In-training
evaluation (ITE) is Bthe process of observing and systemati-
cally documenting the on-going performance of a learner in
real clinical settings during a period of training^ [5]. This cost
effective and subjective evaluation technique has the potential
to formatively assess multiple competencies including history
and physical exam skills, communication skills, team interac-
tion, technical ability, and organizational domains. Although
many areas may be assessed using in-training evaluation re-
ports (ITER’s), postgraduate surgery has traditionally relied
upon them to assess technical skills using global rating scales
[6]. At the end of training, accumulated ITER’s are commonly
summarized to construct the final ITER for summative
assessment.

Despite their potential use, ITER’s have been widely criti-
cized particularly for their lack of reliability and validity [5, 7].
Validity may be compromised because traditional ITER’s as-
sess a restricted range of competencies and Bhalo effects^,
where positive performance in one domain positively affects
ratings in another, are common [5]. As well, when used with-
out direct observation, the global rating scales introduce lim-
ited inter- and intra-rater reliabilities. Gray believes the diffi-
culties have two causes [8]. One, faculty must be both teacher
and assessor which are functions they receive little instruction
in. Two, even with direct observation, documentation of target
behavior is poor. ITERs are often neglected until the end of the
rotation or months after. These two factors make ITERs and
the final ITER both retrospective and subjective, thus limiting
their utility in assessing technical skill.

Structured Methods of Assessment

With the stated limitations of current assessment methods in
postgraduate surgical training, various alternatives have been
investigated and developed. While numerous methods exist,
the examples worthy of mention include objective structured
clinical examinations (OSCEs), objective structured assess-
ment of technical skills (OSATS), patient assessment and
management examination (PAME) as well as emerging tech-
nologies including surgical simulation.

Objective Structured Clinical Examination

Pioneered by Harden et al. [9], the OSCE uses a series of
stations revolving around a self contained clinical case.

Examinees rotate through each station, usually under a de-
fined time limit, where they are presented with far ranging
and standardized content.

Stations may be case based, involve standardized patients,
require interpretation of diagnostic results, or involve minor
technical procedures. Critical to this method is the use of
trained assessors using standardized, validated, and objective
criteria.

Unmistakable advantages of this method are the depth and
breadth of material that may be examined, the ability to ex-
amine using simulated but realistic clinical environments, and
improved reliability due to highly objective marking schemes.
However, these advantages are tempered somewhat by both
monetary and personnel expenses. While the estimated cost of
using ITERs to evaluate 20 residents is $10, OSCE estimates
have ranged from several hundred to several thousand dollars
per candidate [10]. As well, time restraints may preclude
OSCE formats, as training expert assessors is a consuming
process for busy clinicians that is associated with a real attri-
tion rate.

Objective Structured Assessment of Technical Skills

Developed in Toronto by Reznick and colleagues, the
Objective Structured Assessment of Technical Skills is a
performance-based examination designed to assess the tech-
nical abilities of surgical learners [11]. OSATS requires the
candidate to perform a range of surgical tasks while being
graded against a validated checklist and global ratings sheet
by multiple observers.

Eight stations involve bench model simulations of portions
of general surgical procedures with a 15-min time limit [4].
Examiners assess against a global ratings scale with seven
dimensions, each related to some component of operative per-
formance (e.g., familiarity with operative procedure) and a
Byes/no^ checklist developed specifically for the task.

Although valuable in assessing technical ability in terms of
knowledge and dexterity, the OSATS is currently limited in its
ability to measure judgment due to the highly standardized
tasks employed. Despite this and resource limitations similar
to the OSCE, the OSATS is quite attractive and moving to-
wards implementation in surgical training programs in some
countries [3].

Patient Assessment and Management Examination

The Patient Assessment and Management Examination is a
performance based clinical assessment that focuses on man-
agement, communication, and judgment abilities by utilizing
eight clinical stations whose content is consistent with the
American Board of Surgery (ABS) and the Royal College of
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Physicians and Surgeons of Canada objectives for general
surgery [12]. For each station, the candidate is given an intro-
duction (referral letter and initial investigations), and they then
interview, examine, and order investigations using a standard-
ized patient. Results are subsequently given, and the standard-
ized patient returns for counseling. Finally, the candidate is
asked several predetermined questions relating to intraopera-
tive events. Although its limitations mirror those of the OSCE
and OSATS, data indicates that the combination of PAME and
OSATS into a Bcomprehensive^ examination is both valid and
reliable for the formal assessment of readiness to practice [4].

Emerging Technologies: Assessment and Surgical
Simulation

Although OSATS represents a considerable advance in the
measure of technical skills, multiple pressures have stimulated
the development of curricula to teach and evaluate fundamen-
tal skills in a laboratory setting. These include reduced resi-
dent work hours, increasing costs of operating room time,
patient safety, the public and payers’ focus on medical errors,
and the ethics of learning basic skills on patients. In response
to these demands, simulators have been developed using in-
animate box trainers and computer-based virtual reality plat-
forms [13, 14]. The goals of these simulator-based curricula
are to provide an opportunity to learn and assess basic skills in
a relaxed and controlled environment so that a basic level of
technical facility can be ensured prior to entering the operating
room environment.

Advantages of training and assessment in skills labs in-
clude decreased stress compared to the operating room, the
opportunity for repetitive practice and feedback, and the abil-
ity to tolerate, assess, and correct performance errors [15].
These advantages are particularly applicable to laparoscopy,
an area where simulator curricula is attracting much interest
because of the unique skills that must be learned by surgeons
in training and surgeons in practice. This latter group has to
develop a strategy to acquire novel skills and incorporate these
skills into their clinical practice. Most of this retraining has
been accomplished via mentorship on a limited number of real
patients, and special training courses that require travel by
either the mentor or retraining surgeon. A future alternative
may incorporate surgical simulation using bench models, box
trainers, and high fidelity simulators with mentorship on real
patients after essential competencies are established in the lab.
Unlike surgery with actual patients, practice in the simulator
can be stopped at any time, allowing trainees an immediate
chance to assess and correct mistakes while repeatedly
performing challenging parts of procedures. It is also possible
to improve the quality and detail of assessment feedback pre-
sented to the trainees by using video recordings of the perfor-
mance, both during actual and simulated procedures.

It has been suggested that a lab based curriculum involving
simulation for learning and assessment may lead to the effec-
tive development of expert performance [15]. With the early
portion of a surgeon’s learning curve evaluated in a safe envi-
ronment, a growing body of evidence now indicates that basic
skills assessed against a criterion standard initially in the lab
instead of on patients translates to superior performance with
less errors in the OR environment [15–24]. Surely, appropriate
assessment and feedback using computer technology and ed-
ucational innovations such as simulation and bench model
training are all factors influencing how future surgeons will
practice the technical aspects of clinical skills [25]. At present,
assessment formats using various technologies and simulation
are being found both valid and reliable [26–30]. Although
now controversial, these methods will likely 1 day be incor-
porated into current assessment models for credentialing
surgeons.

Conclusion

Assessment is an integral component of training and
credentialing surgeons for practice. Traditional methods of
cognitive and technical appraisal are well established but have
clear shortcomings. With knowledge of these deficits, sur-
geons, residency programs, and licensing bodies involved
with evaluation may better able to refine existing methods of
assessment and employ novel tools such as OSATS and
PAME to ensure that their examination techniques are robust.
Additionally, these stakeholders should attend to emerging
technologies and simulation as they evolve thus ensuring a
complete and sound assessment process in surgical education.
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