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Abstract

Background A number of significant changes have forced

surgical educators to re-evaluate the adequacy of tradi-

tional forms of surgical skills training.

Materials A review of the literature reveals that surgical

simulation has emerged as a useful adjunct to help edu-

cators adjust to the demands of an ever-changing surgical

practice environment. As such, integration of simulation

technology into a busy surgical training program has now

become a priority for training programs worldwide.

Results Successful integration requires a disciplined and

dedicated approach to the appropriate use of all forms of

available simulation in a well-designed curriculum.

Conclusion This manuscript provides a discussion of how

this can be achieved using a sequential, modular, criterion-

based framework, providing details of the rationale behind

such an approach and current examples of how it can be

integrated.

The term curriculum is derived from the Latin word cur-

rere meaning ‘‘to run’’ and was generally used in the

context of chariot racing in ancient Rome. Its exact defi-

nition varied to a point where it could interchangeably be

referring to the race itself, the race course, or the racing

chariot [1]. In this sense, the word’s origins belie its

ubiquity, as it could simultaneously refer to the content (the

race itself), the program (the course being run), and the

process or methods used (the vehicles) during a given race

(Table 1). This ubiquity has carried over into the modern

era as the definition of curriculum provided by the Post-

graduate Medical Education and Training Board (PMETB)

of the United Kingdom [2] reveals:

A statement of the intended aims and objectives, con-

tent, experiences, outcomes and processes of an

educational program including:

• A description of the training structure (entry require-

ments, length and organization of the program)

including its flexibilities and assessment system, and

• A description of expected methods of learning, teach-

ing, feedback and supervision.

The curriculum should cover both generic professional

and specialty specific areas.

The syllabic content of the curriculum should be stated

in terms of what knowledge, skill and expertise the learner

will achieve.

Within this definition, the process of designing and

developing a curriculum moves beyond the mere organi-

zation of a syllabus of content or objectives to be reached

by the end of an educational experience. Instead, it is a

comprehensive undertaking involving the establishment of

a program that outlines the content, describes various

means of teaching the content, and provides some form of

objective assessment. No one element is dominant, as the

‘‘race,’’ the ‘‘course,’’ and the ‘‘chariot’’ each play an

equally crucial role.

Traditionally, the ‘‘race’’ or syllabus within surgical

skills curricula has been well established. In the United

States, for example, the American Association of Graduate

Medical Education and its Surgical Residency Review

Committee, and the American Board of Surgery outline

various psychomotor skills that need to be addressed during

the course of a 5-year residency. Surgeons are trained
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during a 5-year postgraduate residency designed to expose

students to a comprehensive battery of patient care expe-

riences in a progressive graduated-responsibility model

developed by William Halsted and others in the late 1800s.

Surgical skills are obtained primarily through a ‘‘course’’

of on-the-job encounters performing the various tasks

necessary to assist the daily work of a supervising surgeon.

Supervising surgeons are asked to ensure that trainees

develop skills that are appropriate for their level of training

and then assess those skills over the course of their inter-

actions. As the day-to-day responsibilities of the

supervising surgeon are often varied, each trainee’s expe-

rience is unique, and these assessments are often subjective

and nonspecific. Further, specific discussions of how skills

are obtained and objectively assessed are unclear. In terms

of psychomotor surgical skills, the metrics of competency

include the performance of the requisite number of cases

frequently performed by surgeons in a given speciality, and

the global assessment of skill compiled by the residency

program director from supervising surgeon assessments. In

this sense, the current curriculum may be useful as a means

of establishing overall competency of a surgeon trainee to

perform the types of procedures necessary for a surgeon to

practice independently, but it does not serve well as a

gauge of a surgeon’s proficiency in performing the indi-

vidual procedures.

More recently, however, the ‘‘course’’ has changed.

Economic factors that include the high cost of operating

room time and equipment, and the development of new

surgical techniques (e.g., laparoscopy, endoscopy, and

catheter-based interventions) with unique skills requiring

more expertise, have limited the patient-based experiences

normally afforded to a surgical trainee. In addition, a push

toward error reduction in patient care advocated by

national accreditation committees and independent interest

groups has led to an emphasis on outcomes-based surgery

and quality measures in patient care that are at odds with

trainees subject to the inherent imperfection associated

with procedural learning curves.

Individually, these developments are difficult to recon-

cile within a system where inexperience is common. Add

the recent mandates to restrict trainee and supervisor work

hours, further limiting the opportunities available for

hands-on experience, and the situation appears to be

overwhelming. This has led some investigators to argue

that incremental change will not suffice [3]. Although the

‘‘race’’ is generally still the same, a continually changing

‘‘course’’ leaves the traditional curriculum unbalanced. The

old ‘‘chariots’’ will not suffice. To develop a curriculum

that is comprehensive enough to fulfil a balanced PMETB

definition, robust enough to accommodate modern

requirements for safe and efficient patient care, and flexible

enough to handle changes that lie ahead, a paradigm shift

in thinking is required [4, 5].

In this environment simulator-based training has

emerged as a promising adjunct to traditional methodolo-

gies. Of the many advantages of simulator technology, the

most compelling is its ability to provide a reusable tem-

plate from which trainees can learn in a time-independent,

stress-free manner that does not endanger patients. As

simulator technology continues to improve, the types of

skills being simulated continue to expand with a fidelity

that nearly mimics a real-time operative environment—

particularly in the field of minimally invasive surgery.

Satava notes, however: ‘‘As important as these first steps

are in the development of surgical simulators, the real

fundamental issue is not the simulator; rather, it is the

curriculum. The simulator is just another tool, and it is the

curriculum that will determine the training of the surgeon’’

[6]. What would such a curriculum look like? More

important, how can a simulation-based skills curriculum be

developed?

A Curricular model for the new paradigm (overview)

In the 1960s Paul Fitts and his colleagues developed a

theory positing that complex skills are learned in three

sequential stages: a cognitive stage, an associative stage,

and an autonomous stage. Reznick and McCrae provide a

useful description of this theory as it pertains to surgical

skills education—using knot tying as an example [7]. In the

cognitive phase, intellectualization of the task occurs. Here

trainees would read about and watch demonstrations of

suturing and knot tying in order to understand the

mechanics of the task (e.g., how to hold the hands, or how

to make a knot square). The next stage involves associating

these cognitive elements with the musculoskeletal

maneuvers and stimulus cues needed to translate this

knowledge into performance of the task. Trainees would

use a simple model, such as a tie-board, to tie several knots,

practicing until the skill was fully integrated into a coor-

dinated series of movements. Activity here is erratic at first,

but with practice, movements become more smooth and

efficient. Finally, within the autonomous stage, psycho-

motor movements are integrated to the point where the

trainee no longer has to think about hand position or the

Table 1 Etymology of the word curriculum and its contemporary

interpretations

Root: currere (Latin—to run,

as in a chariot race)

Curriculum

(contemporary)

The race The content of study

The race course The program of study

The race vehicle The methods of study
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proper sequence of moves. These are now triggered less by

external cues and more by internal proprioceptive feed-

back. The activity is smooth and coordinated, and attention

can now be focused on the performance of other functions.

Some investigators have argued that this three-stage pro-

gression equates to the classic surgical training model of

‘‘see one, do one, teach one’’ [8].

It is useful to think of the three-stage progression theory

when thinking about curricular design. Aggarwal et al.,

Gallagher et al., Satava, and Smith have all proposed

simulator-based curricular models closely resembling Fit-

ts’s three stage-progression [3, 5, 9, 10]. In summarizing

the basic tenets informing these models, a single adaptation

can be proposed using a durable construct that accommo-

dates a changing educational environment. Ultimately the

new paradigm requires a flexible, modular, and accom-

modating skills curriculum that can realize the goals listed

in Table 2.

Such a sequential, progressive, modular approach to

curricular development is outlined in Figure 1. Each

module will be discussed in greater detail later, but

briefly, the first component includes the cognitive ele-

ments of the task, skill, procedure, or group of

procedures that are taught using any number of resources

deemed appropriate and valid (Fig. 1, Module 1). After

the appropriate cognitive skills set is acquired, trainees

would undergo some form of testing to identify innate

abilities [11–13], followed by simulator-based training to

help translate cognition into motor behavior (Fig. 1,

Module 2). This would follow well-established principles

of skills learning and would include initial work in the

presence of instructors, with the intent to follow these

sessions with some form of structured practice (Fig. 1,

Module 3). Practice would continue independently until a

predefined set of proficiency criteria is reached, at which

time the trainee would move to the next set of skills,

whole-task and eventual team training, or would com-

plete the simulator-based phase of the curriculum. This

progress would depend on the terminal behavior being

trained and the trainee’s demonstration of proficiency.

The subtle transformation from associative learning to

autonomous integration should begin in the skills labo-

ratory, allowing trainees to focus attention on other

functions once training moves to the real environment. In

the real environment (Fig. 1, Module 4) cognitive and

motor behavior can be applied and further shaped in the

operating room or on the wards to assure that the trainee

reaches the level of skill deemed appropriate and asses-

sed objectively. The completion of this stage of training

leads to the transition to independent application with the

goal of maintenance of proficiency and skills mastery

over months to years, and throughout the surgeon’s

career (Fig. 1, Module 5).

This construct serves as a framework for designing and

implementing a simulator-based skills curriculum. The

remainder of this article details the issues of criterion-based

progression through the curriculum, and describes each of

the modules outlined in Figure 1.

Table 2 Goals of curriculum for skills training

Framework into which any procedure or battery of procedures can be

placed, in part or in whole

Modular

Graded proficiency—or competency-based progression

Optimally utilizes attentional resources (sequential at times; parallel

at others)

Balance student autonomy and motivation with instructor-based

behavior shaping

Use of flexible off-the-shelf technology

Fig. 1 Sequential, progressive,

modular curriculum
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The criterion-based skills curriculum

It is important to emphasize how important it is that any

skills curriculum design have an integral component that

allows the trainees’ proficiency to be objectively defined

and assessed. Put differently, it is important to start with

the questions: What is the endpoint? What metrics will be

used to demonstrate the achievement of that endpoint?

These proficiency-based, or criterion-based, milestones

have been well defined and used for assessment of cogni-

tive skills, with the multiple-choice questionnaire (MCQ)

serving as the most recognized and most commonly

employed example.

When considering technical skill, the endpoint of a

surgeon’s psychomotor skills training is typically reached

when a specific number of operative procedures have been

performed over a prescribed period of time. Many inves-

tigators have argued that more comprehensive proficiency

criteria be established that take into account several dif-

ferent metrics of performance, including but not limited to

physiologic parameters, measures of attention, motion

analysis, and error-based parameters [14, 15]. Of course,

the types of metrics and level of proficiency are highly

dependent on the curriculum being designed. It is much

easier to identify metrics of performance and develop

proficiency levels for an individual skill (e.g., laparoscopic

suturing) than for a procedure (e.g., gastric bypass), or for

an overall program (e.g., trauma fellowship). As research

into the utility of various forms of non-traditional metrics

continues, however, some consideration of their use may

be valuable in determining the endpoints of proficiency

within a given curriculum [16].

Aggarwal and colleagues provide a good example of

how to define a criterion-based curriculum during the

course of training in the performance of a specific proce-

dure. Using the LapSim minimally invasive surgical

virtual-reality trainer (Surgical Science, Gothenburg,

Sweden) as their platform, they established proficiency

levels that could be used during the course of training

novices to perform a laparoscopic cholecystectomy [17].

This was accomplished by having 10 experienced laparo-

scopic surgeons complete each of the seven basic LapSim

tasks at three different difficulty levels, and then to com-

plete a procedural module based on dissection, clipping,

and cutting of the cystic structures within the triangle of

Calot. For the purposes of their study, Aggarwal et al.

defined experience as performing greater than 100 laparo-

scopic cholecystectomies. Each participant performed the

basic tasks 10 times and the procedural task twice. To

establish construct validity, 11 novices were asked to

complete the same sequence of tasks. Based on the validity

analysis, Aggarwal and colleagues identified the basic tasks

with the longest learning curve (lifting and grasping, and

clip applying) and the procedural task as contruct-valid

tasks that seemed appropriate for prolonged skills training

of novice surgeons. They then established performance or

benchmark criteria by averaging the mean performance of

the experienced surgeons, using the time taken, the path

length, and the error score metrics for those tasks. These

criteria were then incorporated into an evidence-based

training program (Fig. 2).

It is important to emphasize several points when eval-

uating the training program established by the Aggarwal

group. First, the program is proficiency dependent in that a

trainee cannot advance through the stages of training

without completing the each stage. Proficiency is demon-

strated only when the training task can be performed

reliably—in at least two successive trials. This technique is

often advocated when using evidence-based approaches to

skills training on a simulator, and it has been shown to be

valid and effective in other venues [18–21].

Second, although a certain number of simple repetitions

are required for completion of the curriculum, the tasks are

not randomly assigned. Learning curve analysis indicated

that seven trials were enough for novices to reach a per-

formance plateau in each of the seven tasks. Additional

training beyond the first seven trials may not provide

additional benefit based on these results, especially if no

specific performance criteria must be met prior to a trai-

nee’s advancement. Although the Aggarwal group noted

construct-validity in each of the seven tasks, only three

were found to have learning curves long enough to justify

additional training to a specific performance level. Thus,

realizing that trainees have a finite amount of time they can

train, evidence-based approaches like this can help to

Fig. 2 Criterion-based LapSim cholecystectomy curriculum

(Adapted from Aggarwal et al. [17])
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maximize the use of the simulator without wasting a trai-

nee’s time performing extraneous tasks.

Note that proficiency criteria are not simply the domain

of single-task, or procedure-based curricula. One can

envision an entire residency or fellowship curriculum that

is criterion-based (Fig. 3) [22]. Curricular modules could

be designed that encompass the various psychomotor skills

required for effective surgical practice. Proficiency levels

for each module could then be set by evidence-based

techniques similar to those used for individual skills

assessment. Advancement through the curriculum would

then be dependent on a reliable demonstration of profi-

ciency through each of the modules, either serially or in

parallel. Jones advocates the use of a form of this modular

approach as it applies to training surgical fellows in the

performance of minimally invasive procedures [4].

Module 1—knowledge acquisition

Designing the cognitive component of the above adaptation

is not trivial. It has been argued that a surgical procedure is

approximately 75% cognitive skill and 25% technical skill

[23]. Whether these percentages are accurate, most sur-

geons would agree with this distribution given that the term

cognition encompasses knowledge of, awareness within,

and judgment during a given task. A curriculum that is

designed to teach surgical skill, therefore, has to consider

the cognitive aspects of its performance. One would not

teach the psychomotor act of driving a needle through

tissue without explaining the context in which this skill will

be needed. For example in closing a simple laceration,

issues regarding the appropriate instruments used to drive

the needle, the different types of needles that can be used

and why, the reasoning and attention required to drive at a

ninety-degree angle and to use the curvature of the needle

in the process, are just a few examples of cognitive topics

that can and should be addressed.

In flight-simulation, the benefits of cognitive ‘‘pre-

training’’ have been extensively studied, with evidence

suggesting that these efforts have a positive impact on

future skills training. There are a few caveats, however. In

their meta-analysis of the impact of simulation on flight

training and its possible application in military medicine,

Champion and Higgins reveal two important lessons

learned from the flight-simulation pre-training experience:

(1) the cognitive information provided should be direct and

simple; (2) maximum benefit is achieved if cognitive pre-

training occurs prior to skills training [8].

Sources of cognitive content are abundant, as textbooks,

video libraries, literature databases, and Internet sources

provide readily available resources pertaining to nearly

every aspect of surgical practice. It is tempting to choose

one or several of these sources, offer them to a trainee, and

then proceed with the psychomotor components of the

curriculum. Unfortunately, the quality and reliability of

these resources is highly variable. This approach, if not

disciplined, may be misguided. To assure success during

curriculum development, issues of validity should be

considered.

Of the various forms of validation, cognitive elements

should, at a minimum, show a high degree of content

validity. The development of the cognitive component of

the Fundamentals of Laparoscopic Surgery (FLS) program

provides a good example of how this can be accomplished.

In the late 1990s SAGES formed a committee to develop

educational materials covering the basic fundamentals of

laparoscopic surgery [24]. The committee divided the

curriculum into two distinct parts: a cognitive (declarative

knowledge) component and a psychomotor (procedural

skills) component. The cognitive component focused on

the basic principles, procedures, and management consid-

erations thought to be important during the performance of

laparoscopy. The FLS committee, comprised of surgeons,

psychologists, and educators experienced in either the

practice of laparoscopy, or in the development of laparo-

scopic educational materials, chose 66 content areas to be

addressed within 13 major content categories (Table 3).

This use of an expert panel in the choice of content is both

authoritative and compelling. At present, this is the method

used to establish standards within every international sur-

gical certification board and is an acceptable practice listed

in the Standards for Education and Psychological Testing

as a means to establish content validity [25].

Even with the use of experts, there is always a risk that

the topic areas chosen by the limited number of curriculum

panelists may be too broad, too limited, or simply not

relevant to the task or tasks under consideration. To

overcome such limitations, the FLS committee surveyed
Fig. 3 Hypothetical 5-year curriculum for training laparoscopic

colectomy
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117 surgeons at the 2001 SAGES Annual Meeting, asking

them to rate the importance of the 66 content areas chosen

and to list any additional topics thought to be important.

The results of this survey show that, of the 66 topics

selected by the FLS committee, most received ‘‘essential

for laparoscopic surgery’’ ratings, and only nine were

considered ‘‘desirable but not essential.’’ In addition,

14 new topic areas were proposed and reviewed by the

committee for potential incorporation into the curriculum.

Subject area weights were also calculated to determine the

curriculum’s balance. No subject weight percentage was

higher than 11% or lower than 4%. Overall, the committee

concluded from these results that the topics chosen were

both representative and balanced.

The point here is not to perform large-scale surveys to

validate the cognitive content for a given topic, as this can

become cumbersome, especially for a locally implemented

curriculum. Instead, the goal is to emphasize the use of

well-known and rational forms of verification that show the

content chosen to be relevant and applicable. If a validated

cognitive component or curriculum exists elsewhere, it

may be useful to try to implement that program locally,

even if some modifications are necessary. If nothing is

suitable, expert panels can be assembled in nearly every

setting—whether from a group of surgeons in the same

practice, or from surgeons with command of a similar skills

set. Such panels should be used in the early stages of

curriculum development. The recommendation of the

expert panels can then be verified through a survey of a

representative group of practitioners. Such surveys will

ensure that the content chosen does not lack important

elements and that the curriculum content is not consistently

seen as irrelevant to experts not serving on the panel.

Module 2—psychomotor assessment and initial

acquisition

Once the methods of achieving and documenting cognitive

proficiency have been established, the next step is to

determine the conduct of skills training—that is, the skills

needed, and more important, how they are to be taught. The

process of determining which skills need to be taught is

similar to the process employed in establishing the cogni-

tive content, as described above. For example, in

determining the psychomotor component of the FLS

course, the expert panel outlined the skills believed to be

important in the practice of laparoscopic surgery. They

then evaluated several different types of simulators,

focusing on validity data to help ensure the psychomotor

component would be effective. The final product was a

series of validated simulator-based tasks that represented

fundamental laparoscopic practice according to the group.

Use of an expert panel to determine the psychomotor

element of a skills curriculum can be further augmented

using cognitive task analysis [26]. The formal process of

cognitive task analysis uses trained interviewers to discuss

a task or procedure with recognized experts in an attempt to

understand the step-by-step progression of the task. Often

this is completed while watching a video-taped perfor-

mance of the procedure, with the expert present in the

room. Interviewers focus on the mental processes that

organize and define the observable behaviors, and they then

break down these processes into data that can be used in

observing others perform the same task.

Velmahos and colleagues, in teaching central venous

catheterization to a group of interns in an inanimate sur-

gical skills laboratory, describe an example of the

effectiveness of this approach. A 14–item checklist was

developed based on the cognitive task analysis of two

experts at the University of Southern California Medical

Center, and that checklist to break down the procedural

steps envisioned by the interviewers and the experts

(Table 4) [27]. Interns trained in their lab had a higher

total score and performed significantly better in 4 of the

14 items.

Although not officially labeled cognitive task analyses,

similar methodologies have been described in developing

the sequence of events needed to perform dissection of the

gallbladder from the liver bed during laparoscopic chole-

cystectomy, and in the performance of a laparoscopic

Nissen fundoplication [28, 29].

One of the attractive aspects of cognitive task analysis is

that it follows a well-known model of memory formation

by breaking down a task into chunks of data that can be

processed individually. This concept of ‘‘chunking’’ is

based on George Miller’s 1956 research into the limits on

the human capacity to process information. He found that

Table 3 Declarative knowledge content areas within the Fun-

damental of Laparoscopic Surgery (FLS) program

Equipment

Energy sources

Patient considerations

Anesthesia

Patient positioning

Establishment and physiology of pneumoperitoneum

Abdominal access and trocar placement

Tissue handling, exposure, and examination of the abdomen and

pelvis

Biopsy techniques

Hemorrhage and hemostasis

Tissue approximation

Exiting the abdomen

Postoperative care

Source: Adapted from Peters et al. [24]
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short-term memory has a capacity of ‘‘seven plus-or-minus

two’’ chunks of data [30]. Recoding information into rep-

resentative chunks is a memory technique that allows for

retention of complex sequences (e.g., a long string of

numbers or a complex sequence of tasks required to per-

form an operative procedure). In motor learning, sequences

are learned and processed using hierarchically organized

sequences and sub-sequences separated by pauses in

activity [31, 32].

An instructional method known as ‘‘chaining’’ takes

advantage of this concept of human motor learning. Here,

the components and subcomponents of a complex task, the

chunks, are trained and mastered individually. Learning a

specific task or series of tasks requires translation of cog-

nitive knowledge to its associated musculoskeletal motor

behaviors and then refining those behaviors until the

desired procedure is demonstrated. It is easier to translate

knowledge into small chunks of a procedure. This has been

shown in flight-simulation, where research suggests that

early ‘‘partial-task’’ training is superior to early ‘‘whole-

task’’ training in scenarios where tasks are complex high-

performance skills or require more than 100 h before

proficiency is achieved [33]. By chaining sequences of a

procedure, or parts of the task during training, the whole

task becomes less daunting. It also leads to a greater suc-

cess-to-failure ratio during the course of training, as partial

tasks are easier to complete. This keeps the trainee engaged

and helps avoid frustration during the learning process

[5, 34].

Module 2 includes abilities assessment—that is, the

capabilities one is born with. We have all encountered

trainees who would be characterized as ‘‘naturals’’ or

‘‘gifted.’’ These abilities are not typically learned or

acquired, but rather are innate to the trainee (which is not to

say they can’t be augmented through training and experi-

ence). An awareness of a candidate’s innate abilities allows

establishment of fair and reasonable expectations for that

trainee’s path through the practice session, and also allows

for customization of the practice sessions. For example,

someone whose visuospatial abilities are on the lower end

of the bell curve may need more time with training tasks

aimed at improving those abilities. Following this concept,

we have been able to train non-physicians to suture lapa-

roscopically to the proficiency of an expert laparoscopic

surgeon; no one failed to achieve this level of proficiency.

What differed from trainee-to-trainee was the time it took

to achieve proficiency. Based on abilities testing, this is

something that could be predicted and partially remediated.

Module 2 also requires the use of dedicated instruc-

tors—a controversial consideration given the amount of

effort required to add instruction at this stage of the cur-

riculum. The use of instructors at this point, however,

seems warranted. At the most basic level, motor behavior is

a musculoskeletal response to a specific stimulus or cue.

During the process trainees are presented with a set of

external cues within an appropriate stimulus environment

and asked to respond as they see fit. If stimulus environ-

ments are designed properly, instructors are able to help

trainees learn to associate external cues (sometimes learned

during the cognitive component of training) with the

intended motor behavior. Instructors can then adjust a

trainee’s behavior through prompts given during the

response (proximate feedback), or after completion of the

task (terminal feedback) [35]. This provides the trainee

with a knowledge of results required to understand if a

behavior is appropriate and applicable to the real-world

task being learned. Over time, instructors can also alter the

stimulus environment to offer additional cues that may

stimulate an appropriate response. By using the different

types of feedback and altering the environment, instructors

can ‘‘shape’’ behavior until the desired results are achieved.

Put simply, before a trainee makes the transition to struc-

tured practice, it is critical that the behavior being practiced

is the desired behavior.

Module 3—integration of knowledge and psychomotor

skills

Using feedback as a means of shaping behavior over the

course of associative training, proficiency can be accom-

plished with external cues that prompt conscious, voluntary

behavior and are gradually translated into internal propri-

oceptive cues controlling a less conscious behaviour. In

other words, the behavior becomes more automated. For

this transition to occur, instructors have to gradually stop

providing external prompts, or ‘‘fade,’’ as trainees begin to

Table 4 The 14-item checklist used to evaluate central venous

catheterization performance

Justified site selection

Justified catheter selection

Prepared site appropriately

Identified proper landmarks

Inserted needle at correct angle

Aspirated while inserting needle

Inserted guidewire appropriately

Withdrew needle and incised skin

Inserted catheter and withdrew wire

Aspirated blood and flushed ports

Occluded ports

Secured catheter

Sealed site in a sterile fashion

Source: Adapted from Velmahos et al. [27]
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rely on internally processed prompts to complete the task.

As chunks of a procedure continue to be linked together in

sequence, the pauses required for external feedback

become less frequent, and preparation for the next move-

ment is more easily processed. Over time, the motor

behavior becomes smoother and more automatic, a transi-

tion that occurs through structured practice, usually

independent of human instructors.

It is in this area of practice that simulators, and computer-

based simulators in particular, become attractive. Within

each of the modules discussed above, this is where the

return on investment is highest, primarily because simula-

tors allow for management of the training environment in a

reliable, reproducible fashion [34, 36]. Specifically,

manipulation of the environment is most easily accom-

plished in the computer-based simulation environment,

particularly through the use of augmented-reality and vir-

tual-reality. Computer-based simulators may also help

alleviate some of the burden placed on human instructors

during the associative phase of training in that the simula-

tors are designed to offer proximate and terminal feedback

that may not require a human presence. In fact, more

advanced forms of shaping, such as adjusting the latency,

programing in additional anatomical cues, or forcing

trainees to deal with dangerous situations, which are rarely

encountered in the real world—so called above-real-time

training techniques—are more readily accomplished using

partial-task computer-based simulators [8, 34]. Based on

artificial intelligence, they can also be adapted to start the

instructional process of fading as the learner’s skills

improve. For these reasons, use of computer-based simu-

lators should be given serious consideration when designing

this phase of a given skills curriculum.

Some aspects of motor behavior will only come with

completion of whole-task training in this high-stakes

environment (e.g., developing a sense of timing, manipu-

lation of one’s own physiology during crisis management,

adjusting behavior to adapt to unexpected encounters).

Experience in the development of flight-training simulators

for the United States Air Force reveals that part-task

training is particularly useful when training time is limited,

and when tasks are very difficult. Conversely, whole-task

training is superior when tasks are highly integrated, initial

practice is distributed, and when retention is critical [8]. An

argument can be made that most surgical tasks in the real-

world fit both sets of circumstances.

For this reason, relying solely on partial-task simulation

may be difficult. Technology continues to advance toward

providing a high-stakes virtual environment in which com-

prehensive whole-task training can be accomplished within

a computer-based environment. There are also several forms

of less technologically advanced simulation that may prove

useful, particularly within the realm of whole-task training.

Animate wet-labs, cadavers, and inanimate mannequin-

based procedures are just a few examples of simulations

available in the current training environment [37–39].

A good example of a curriculum that employs non-

computer-based simulation training comes from the

Advanced Trauma Operative Management (ATOM) course

provided to surgeons during the later phases of trauma

training—either late in residency or within a dedicated

Trauma/Critical Care fellowship [40]. After completing a

cognitive pre-training module, participants in the ATOM

course are taken to an operating room where they encounter

50-kg swine that have been injured in a standardized fash-

ion by instructors trained to create a stimulus environment

that mimics a real-trauma scenario. Scenarios including

major hepatic, vena cava, and chest injuries are all included

in the curriculum. After completion of the operative task or

tasks necessary to address the trauma, trainees undergo a

‘‘debriefing’’ or terminal feedback session to help them

integrate the experience. A set of proficiency criteria has

been established that uses an expert panel of traumatologists

who have developed a three-point grading scale evaluating

several components of performance. The instructor training

process is rigorous and requires knowledge of the injury

models and the evaluation scale to ensure standardization of

both the training and the evaluation of trainees.

Of course, there are several drawbacks to this type of

simulation, among them, cost, a limited distribution of

training (2–4 days, as opposed to weeks to months), and the

requirement for human instructors. It must also be assumed

that trainees have reached a certain level of operative

knowledge prior to initiation of the course. Topics like

hemostasis within the confines of severe hepatic trauma

would be lost if the trainee had to focus on such basic skills

as finding the abdominal midline, suturing, tying, or

understanding the anatomy of the porta hepatis.

This simulation seems well suited for a modular cur-

ricular approach where basic trauma skills can first be

attained within the context of a partial-task training envi-

ronment, followed by more advanced whole-task training

using a course like ATOM to help bridge the associative

and autonomous learning stages. More important, ATOM

provides a means of coordinating these basic skills through

simulation in a whole-task training environment that does

not involve (and potentially harm) real patients in a real

operating room.

Modules 4—supervised real-world application

At some point trainees will have to demonstrate proficiency

in the performance of tasks in the real-world operating

room or ward before being considered competent to prac-

tice surgery. In Module 4 the trainee and supervising
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surgeon are in the operating room, or on patient wards

where the trainee is allowed to apply newly acquired skills.

Therefore, the new curriculum does not abandon the tra-

ditional setting used for centuries to train surgeons. It may,

however, bring a better-prepared student to the operating

room and the patient-care setting. Important concepts

regarding the rationale for developing the so-called pre-

trained novice have been discussed elsewhere, and are

beyond the scope of this article [41–44].

It is in this module that the translation of simulated

training experience to performance in a real clinical setting

is both applied and tested [18, 19, 28]. For this method-

ology to work, objective assessment is carried out, by

examining a predefined set of metrics established by expert

opinion and carefully articulated to both the trainee and the

examiners prior to the start of the procedure or procedures

to be reviewed. Again, curricular considerations regarding

these metrics are best initiated early in the development

process and are derived from regimented interviews with

senior surgeons. Once established, global rating scales,

checklists, or interval-based error templates are then

employed by blinded reviewers grading the trainee’s

performance either in real-time or from time-delayed

video-recordings of the procedures being performed. After

passing this real-world application, the trainee can then

matriculate from the training environment.

Module 5—mastery

Module 5 implies that learning is never over, even when

one has achieved objectively demonstrable proficiency

with a skill. Mastery modules may include simulated

experiences of challenging cases, new procedures or

techniques, difficult situations, anomalous anatomy, or

scenarios where a complication has occurred. Research into

the best means of simulation application in this module are

ongoing, as new knowledge becomes available or new

skills relevant to mastery are identified.

Final considerations

As an example of how the above template might apply

using a real-world example, a hypothetical laparoscopic

colon curriculum that continues through the course of a

5-year training program is presented in Figure 3. Note the

use of current off-the-shelf technology during the partial-

and whole-task training phases and the eventual use of the

operating room as participants progress from the associa-

tive to the autonomous stages of training.

We and others have described efforts to implement a

similarly sequential, criterion-based and program-wide

minimally invasive surgical curriculum at our various

institutions [45–47]. After discussion and review of the

efforts, we noted that during the implementation, two

important barriers to success were quickly revealed and

had to be overcome. The first barrier involves the question

of whether simulation training should be voluntary or

mandatory. Based on the best current evidence, the con-

sensus is that a criterion-based simulation training program

needs to be mandatory to ensure optimal outcomes for the

trainees and the instructors. Given the commitment

required to sequentially proceed through the various phases

of training, as well as the resources used in providing live

instruction, training has to be appropriately choreographed.

If voluntary, the logistical burden on a program coordina-

tor, scheduler, and instructors could be overwhelming.

Ultimately, a curriculum such as this would require insti-

tutional and senior surgical staff support early in the

process.

The second barrier to successful implementation of a

larger-scale curriculum is one of motivation, particularly

among the more senior trainees. Principles of adult learning

suggest that adult learners are more engaged when tasks are

(1) autonomous and self-directed, (2) based on a founda-

tion of life experience, (3) goal-oriented, (4) relevancy-

oriented, and (5) practical [48]. It is easy to envision a

scenario where a more senior resident who may have

performed several laparoscopic colectomies in the operat-

ing room would find a laparoscopic partial-task training

exercise designed to teach ways to manipulate objects in a

videoscopic field ‘‘old hat,’’ and would be somewhat dis-

engaged. Using a criterion-based (or goal-oriented)

approach can avoid this response as the resident quickly

passes through those elements of a task in which he/she is

already proficient. In this way the trainees ‘‘test’’ to their

appropriate level, leading to a more relevant and practical

experience that oftentimes is self-directed once the earlier

modules are completed. Another excellent suggestion made

by Seymour and colleagues is to engage senior trainees by

including them in the instruction of junior trainees [46]. As

many experienced surgeons would attest, this experience

provides learning opportunities for both parties involved.

Conclusions

New educational concepts and tools are being developed to

remodel surgical education. These innovations have been

driven, in part, by the changing forces of industry, patient

safety, and trainee work-hour restrictions, all of which

combines to place a strain on traditional surgical skills

curricula. Using the modules and examples described as a

model for local integration of skills simulation, it has been

our goal to help surgical educators move closer to
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balancing the three elements of the carrere within

a framework of steady sequenced and progressive training

and criterion-based advancement, while using objective

assessment throughout the process. Ultimately, it is this

adaptation within a structured and well-conceived curric-

ulum that will lead to realization of the potential of surgical

skills simulators in the modern era.
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