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Objective learning curve, and general motor skills theory.

To examine the first decade of experience with minimal ac-
cess surgery, with particular attention to issues of training sur- Results

geons already in practice, and to provide a set of recommen- The introduction and the evolution of minimal access surgery
dations to improve technical training for surgeons in practice. have helped to focus attention on technical skills training. The

experience in the first decade has provided evidence that sur-
Summary Background Data gical skills training shares many characteristics with general
Concerns about the adequacy of training in new techniques motor skills training, thus suggesting several ways of improv-
for practicing surgeons began almost immediately after the ing continuing medical education in technical skills.

introduction of laparoscopic cholecystectomy. The concern
was restated throughout the following decade with seemingly Conclusions

little progress in addressing it. The educational effectiveness of the short-course type of con-
tinuing medical education currently offered for training in new
Methods surgical techniques should be established, or this type of
A preliminary search of the medical literature revealed no sys- training should be abandoned. At present, short courses offer
tematic review of continuing medical education for technical a means of introducing technical innovation, and so recom-
skills. The search was broadened to include educational, mendations for improving the educational effectiveness of the
medical, and psychological databases in four general areas: short-course format are offered. These recommendations are
surgical training curricula, continuing medical education, followed by suggestions for research.

Laparoscopic cholecystectomy was developed in the la&volved to describe i.This evolution has created an on-
1980s! This new technique represented a substantiagjoing continuing education need among practicing surgeons
change in the way this common surgical procedure wafdr training in these new techniques. This need has been met
performed. Based on the perceived advantages of this nemith short courses developed by surgeons already experi-
approach, it rapidly became the standard method for cholenced with the new procedurég.hese courses have con-
cystectomy” Since the introduction of laparoscopic chol-tinyed to expand to meet this and other technical training
cystectomy, there has been an increase in the number gfeds of surgeons. This type of continuing medical educa-
surgical procedures that can be performed using this gene@gn, developed primarily to teach a new technique, is the
approach, and the term minimal access surgery (MAS) 3§ s of this review and is designated continuing medical

education for surgical techniques (CMEST).
Concern about the adequacy of short courses for CMEST
Corre_spc_)nden_ce: I_David A. Rogers, MD, Department of SurgeryZ So_uther@evek)ped quickly and has persisted throughout the de-
:Elr;sg?gir.lglavaesr:ty School of Medicine, P.O. Box 19655, Springfield, cade® 12 For example, in 1991 Dent stated, “Rumors of a
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gery are rife.® That same year, Gadacz and Talafini was narrowed by selecting review articles published in the
stated, “Hands-on experience is essential and a 2- or 3-dgyast decade. For the literature on surgical technical curric-
‘mini’ course is essential but not sufficient.” In 1992 ula, the terms “surgery,” “skills,” and “techniques” were
Zucker said, “Weekend coursesare clearly no substitute used in various combinations to search Medline, EBM Re-
for hands-on experience.” Two years later Rock and Warviews, ERIC, PsycFirst, and Education Abstracts. For the
shaw stated, “the presumption that new and technicallysurgical learning curve literature, the terms “learning,” “per-
demanding surgical skills can be learned in a ‘weekendormance,” and “curve” were used in various combinations
course’ makes us vulnerable to the questioning of our proto search Medline, Education Abstracts, ERIC, and News-
fession and of our skill as surgeons.” Gates1997 stated, paper Abstracts. This search was narrowed by selecting only
“Generally speaking, a weekend course in endoscopic suarticles that addressed the learning curve associated with
gery would not be adequate to provide the required level ourgical procedures. For the motor skills literature, the terms
knowledge or skill.” As the decade drew to an end,“motor,” “psychomotor,” “skills,” and “acquisition” were
Reznick® asked, “How can our profession avoid a repeti-used in various combinations to search ERIC, Education
tion of the laparoscopic cholecystectomy fiasco, whereirAbstracts, and PsycFIRST. Finally, the websites for the
surgeons were learning a new technigue on a live animabociety of American Gastrointestinal Endoscopic Surgeons
model on Sunday and performing the procedure onSAGES) and the American Council on Continuing Medical
Monday?” Education were searched for standards pertinent to CMEST.
Studies evaluating the educational impact of these
CMEST short courses provide evidence that the ConcemﬁESULTS
were well founded. A survey of practicing surgeons re-
ported that most did not believe they were adequately The results of the literature search and analysis of those
trained to perform laparoscopic cholecystectomy after aesults will be presented according to the four general areas
2-day workshog! Another survey showed that the compli- reviewed: CME, surgical technical curricula, surgical learn-
cation rate was higher in the initial experience among suring curve, and general psychomotor skills acquisition.
geons who performed the new procedures after having taken
only one of these coursés. c
This review examines the first decade of experience with
MAS, with particular attention to training aspects. The goal Early in the MAS movement, SAGES developed guide-
was to discover, from this experience, solutions to thdines for CMEST course§ and for granting privileges for
general challenge of providing CMEST to surgeons in pracMAS procedures! The recommendations stated that in
tice. Although the changes associated with MAS have beeraddition to taking a course, a surgeon must have experience
profound, gradual technical innovation, both within andas an assistant and then perform the initial procedures on
beyond MAS, can be expectédi!®thus creating a lifelong patients under the supervision of a surgeon with MAS
need for effective CMEST for every surgeon. privileges. A survey of how surgeons actually obtained
training for laparoscopic cholecystecomy showed that only
about half of surgeons actually satisfied all the SAGES
METHOD . ) .
recommendation¥ Reasons cited for the failure of sur-
An initial search of the Medline database was undertakeigeons to satisfy all the requirements included a lack of
for the years 1989 to 1999 using the search terms “laparograining opportunities, the cost of the training, and the lack
copy,” “skills,” “technique,” “surgery,” “minimal access of experienced colleagues.
surgery,” and “continuing medical education.” This search There has been considerable research in improving the
yielded no systematic review of the general area of CMESTeffectiveness of general CME courses in changing physician
during this period. Consequently, the review was focused obehaviors and patient outcomes. Several factors have been
four general areas: continuing medical education (CME)jdentified that increase the likelihood that change will occur
surgical technical curricula, surgical learning curve, andafter a physician participates in a CME cout8é° Educa-
general psychomotor skills acquisition. tional sessions that communicate or disseminate informa-
Seven different specific literature databases wergion are less effective than interventions that provide the
searched covering the period 1989 to 1999 and limited tanformation and facilitate the desired change or reinforce
English-language publications. All titles and abstracts werghe change. Multifaceted interventions are more effective at
reviewed and appropriate citations were selected for comproducing change than are single interventions. A careful,
plete review. A manual search of the references of thesspecific needs assessment improves the effectiveness of the
citations was performed, and relevant papers and textbookurse. Longer programs are more effective than day-long
were also selected for review. This included literature in theshort courses. Performance change is greater when all par-
period before 1989. For the CME literature, the term “con-ticipants are from the same practice setting. Finally, inter-
tinuing medical education” was used to search EBM Re-active sessions that provide the opportunity for practice are
views, Medline, ERIC, and Education Abstracts. The searcimore effective than didactic sessions.
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Most of the research on CME involved evaluating general motor skills learnintf,and this appears to apply to
courses designed primarily to impart new knowledge orboth experienced surgeons and residents. The approach of
nontechnical skills. It has been recently recognized in theeaching a complex surgical skill by dividing it into simpler
CME literature that psychomotor skill acquisition is distinct component tasks, a strategy described in the motor skills
from other types of learning: Consequently, it is unclear literature®® has been validated.
which of the above factors should be present in CMEST
courses.

In summary, the research on creating effective CME ha : .
not included CMEST. Further, many surgeons are not fol-%IJrgIcaI Learning Curve

lowing the existing recommendations for obtaining training  Another consequence of the MAS movement has been

in new techniques. increased attention to the learning curve in the surgical
literature!?24=4A learning curve is a graphic representa-
Surgical Technical Curricula tion of the relationship between experience with a procedure

i , ) , and an outcome variable, usually a performance character-

Beforg the |ntrt_)duct|o'n.of MAS, th.e sgrgma}l Ilte;rature istic of clinical interest, such as operative time. Studies have
adgjressmg te_chnl'cal training dealt. prl_manly W'th different generally shown that with increasing experience, operative
animate and inanimate models, with little attention to spe-; 3637 3944 4 o :

- . . time decrease¥;¢3" “the complication rate is low-
cific aspects of a technical curriculuthexcept for the short 34,3547 414247 .
courses developed in Britain for resident technical”’ S and }f‘f;‘j? are fgwer conversions to .the
training 23 st_a}ndarq pro_cedur?é‘: %L earning curves have four sig-

The MAS movement has helped to focus attention onificant implications for CMEST. _ _
surgical technical training, perhaps because these proce- First, the general shape of surgical learning curves is
dures differed so significantly from the existing techniques Similar to the “performance curve” described in the general
Several studies have examined training methods for teachiotor skills literaturé’®4° An established characteristic of
ing the new skills associated with the MAS approach. performance curves is that improvement occurs more rap-

Several “drills,” elemental skills that involve more com- idly during the early experiencE:>® Consequently, the
plex surgical skills, have been developed, with a modesearly part of the performance curve is steep, a feature also
correlation between improvement in the performance ofobserved in learning curves associated with surgical proce-
these drills and the total tagk.lt has been shown that dured’ (Fig. 1). As experience accumulates, the curve be-
clinical laparoscopy experience results in enhanced perforcomes flatter, with less improvement with each additional
mance on training tasks in a simulated environnféstyg-  experience. From an educational perspective, a relatively
gesting but not proving that the reverse might be true asmall increase in the amount of practice provided during a
well. Substantial evidence has been developed that perfotourse could substantially improve technical performance.
mance, measured by either a subjective rating or time on
task, improves with practic&.2%2"

A major gap in this literature is the lack of proof of a
relationship between performance in these simulated envi- e
ronments and actual surgery?®?°This gap between per-
formance in a simulated environment, either traditional or s {= =
computer-based, exists because no work has yet been done "{' e
demonstrating that performance of a procedure on modelge \
relates to performance of the actual procedure on patients. TS SOR
first step in bridging this gap has been taken with the‘.E:‘so \,\-.:ﬁ AT - ]
demonstration that performance of a laparoscopic procedurg " ,:,—anﬁ T T B
on an inanimate model translates to performance of the '™ - = —
procedure in an animal mod#. L . L ™l am oo By

It could be argued that the findings of much of this ™
research do not apply to experienced practicing surgeons, .
because most studies were done with surgical residents as o 2 " ) %0 100 120 140 160
study subjects. However, it has been shown that “senior Case Number
surgeons” learn these skills in a fashion similar to [ w ORtime o Averageover25cases  —Log (ORtime) |
residents’

The review of technical skills curricula shows that oneFigure1. Alearning curve showing the relationship between operative

" time and experience for laparoscopic fundoplication in children. (Used
positive effect of the MAS movement has been to focusvvith permission from Meehan JJ, Georgeson KE. The learning curve

attention on training. That pra}ctice i.mproves performan(feassociated with laparoscopic antireflux surgery in infants and children.
suggests that learning a surgical skill shares features withPediatr Surg 1997; 32:426-429.)

y =-29.812Ln(x) + 232.77
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0.02 acquisition that has received attention in the surgical liter-
2 ature>®°’In the first stage, the cognitive phase, the learner
£ 0015} gains an understanding of the task, a process assisted by
“ci instructor explanations and demonstrations. The second
£ o0t} stage is the associative phase, during which the learner
3 practices the task and eliminates error from the perfor-
S o005} mance. The role of the instructor is to provide feedback,
identifying errors and providing explanation for corrective
— e e actions that the learner may take. Finally, the learner moves
0 5 10 15 20 25 30 35 40 45 50 into the autonomous stage of learning, where he or she
Experience (Number of Procedures Preformed) performs the task in a relatively automatic fashion with little
Figure 2. A graph of the calculated probability of bile duct injury during ~ ©OF NO cognitive input.
laparoscopic cholecystectomy. (Used with permission from Southern To date, most theories and models of motor skills learn-
Surgeons Club, Moore MJ, Bennett CL. The learning curve for laparo- ing have been developed based on studies of extremely
scopic cholecystectomy. Am J Surg 1995; 170:55-59.) simple motor tasks. In this context, even a basic surgical

skill, such as tying a knot, would be regarded as a complex
motor skill. This is important because some aspects of
Second, the curves for the declining operative time anptimal teaching of simple motor skills do not necessarily
complication rate are similar (Figs. 1 and 2). This suggestgpply to the teaching of more complex skills. For example,
that increased familiarity with the task increases confidenc@ has been shown that instructor feedback given after each
and therefore increases speed and decreases errors. From §éformance of a simple motor task results in inferior mas-
perspective of curriculum design and performance assesgery of the skill compared with feedback given at inter-
ment, this relationship is helpful because operative time is/als5 The opposite has been found in the acquisition of a
easily measured during a course, whereas the complicaticfbmplex motor task®
rate of the actual surgical procedure is not. If the curriculum
is designed to optimize the performance characteristic of
operative time, then the complication rate should decreasPISCUSSION

Zfe\::\/iilé'ljlli?\%l\:\?nh the extent to which this is true is yet to be The question of how best to teach practicing surgeons
Third, there is evidence in the surgical literature that thenew surgical techniques remains incompletely answered.

. . N After a decade of MAS experience, there has been seem-
shape of the learning curve varies for each individual.

37,4047 : ingly little progress in developing alternatives to the
learner a_nd tasﬁs,_ o a phenomenon _recogmzﬁgd for CMEST short courses, even though the literature shows that
motor skills learning in the psychology literatuie?® A

feature of these individual performance curves is that thethese courses are insufficient to provide adequate training in

)énd of themselves. Based on the present review, a set of
do not follow the smooth predictable curve generated by a : P ’

group® The educational implication for CMEST is that a fecommendations is proposed to improve the educational

course should take into consideration the performance dif(-:Ontent of workshops or short courses designed to teach
e P technical skills. These include recommendations to the in-
ferences among the participants.

i ) . ... dividual surgeon or “consumer” and to those responsible for
Finally, the fact that surgical learning curves are similar

. . . developing and accrediting the courses. In addition, some
to motor performance curves provides additional evidence

that what is known of the psychology of learning motor suggestions for research are provided.
skills should be applied to teaching surgical skills. This

general educational strategy was suggested more than 1fecommendations for the Practicing
years agot and was endorsed for surgical training in 1987 Surgeon

by Barnes:?
The surgeon consumer of CMEST should select a course

designed to move the students “further along the learning
Motor Skills Theory curve.®® In other words, by the end of the course, the

Systematic research on motor skills acquisition has beeR. 9N should be at the point on the learning curve where

done for more than 100 yeafand several theories have error is minimized and performance is optimal. For the
been developed to explain how motor skills are learffed present, the surgeon should select a course that satisfies the

The theories are sufficiently divergent to be considere AGES requirements, now interpreted in light of what has

distinct school$? For the purposes of curricular planning, een learned in the first decade of MAS experience:

frameworks that describe stages of motor learning are per- 1. The course should provide a set of objectives and a
haps more useful than these general learning theories. Fitts  description of the assessment methodologyThe
and Posnér described a three-stage model of motor skills current SAGES guidelines include the recommenda-
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tion that CMEST courses should have objectives that
describe the technical task and the method of assess-
ment!® These objectives and assessment criteria
should include specific performance characteristics:
for example, to pass the course, the participant should
be able to perform the technique in a given period with
a prescribed success rate.

. The faculty should be qualified. The faculty should

be qualified to perform and teach the procedure. Evi-
dence of qualification to perform the procedure should
be based on performance data, not simply on clinical
experience or reputation. Instead, the faculty members
must justify their expert status by indicating their own

Rogers and Others 163

rehearse the procedure mentally before the actual
practice period? The same video files could be dig-
itized and made available to participants to download
directly from the Internet. Videotape should also be
used to record participant performance during practice
to allow learner self-critique and review with a faculty
membert?©3The participant’s videotapes and those of
an expert’s performance should be given to partici-
pants for review of the course material as they begin to
perform the procedure on patients.

position on the learning curve. This performance datdRecommendations for 9(_>urse )
should include information for both the teaching mod- Developers and Accrediting Agencies

els used in the course and actual patients. Proof of 1. The course developers should perform a formal task

qualification to teach the procedure should be pro-
vided by qualitative and quantitative assessments from
prior course participants. Evidence that the learner can
actually master the technique during the course should
be provided. This should include estimates by past
participants of their ability to perform the procedure
on patients after having taken the course.

In addition to being qualified, faculty members
must be present in sufficient quantity to provide indi-
vidualized feedback throughout the training period.
There is little information to suggest an optimal fac-
ulty-to-student ratio, although a ratio of 1:4 has been
shown to produce a positive training efféétThe
precise number could be determined by surveys of
participants who assess the adequacy of feedback dur-
ing the training process.

. The participants should possess the appropriate
fundamental knowledge, skills, and clinical experi-
ence. Participants should be surveyed before taking
the course regarding their current experience and mas-
tery level so that the course content can be adapted to
their specific needs. Pretesting at the beginning of the
course is recommended by SAGES and would vali-
date the survey results. Comparison of pretest and
posttest performance would provide evidence of the
educational effectiveness of the course, as has been
done with an ultrasound course for surgebhs.

. The facility should be adequate.An adequate num-
ber of animate and inanimate models should be avail-
able for practice. There should be adequate facilities to
accommodate the learning needs of all participants,
allowing them to practice until they can demonstrate
the desired level of performance based on a position
on the learning curve.

. The curriculum should incorporate educational
materials that will reduce the time required at the
course and will enhance the learning experience.
To enhance the cognitive phase of learning, video-
tapes of the procedure should be sent to course par-
ticipants before the course. This would allow them to

analysis. This document describing the task should
include an analysis of the important aspects of the
technique, including equipment needed and environ-
mental constraints, as has been done for microsur-
gery®* An important aspect of the analysis is an
estimate of the degree to which the new technique will
represent a new motor skill for participants, because
this substantially influences the design of the course.
This analysis should also involve an inventory of the
errors that occur frequently with the technique. The
task analysis leads to the development of specific
goals and objectives for the course and a curriculum
that allows the participants to accomplish the objec-
tives. The description of the curriculum should include
the faculty-to-student ratios, practice environment,
and assessment methods.

. The task analysis and curriculum should be approved

by the accrediting agencies. The ultimate goal of ac-
crediting agencies is to ensure that the innovation is
introduced with maximal safety to patients. These
groups should serve as repositories of information
about course elements that must be present to produce
effective training. Courses should be evaluated based
on performance data during the course and in the
participant’s practice.

3. Reevaluate the supervised experience requirement.

Even though supervised experience has been shown to
be important in reducing complication rat€$°many
surgeons are either unable or unwilling to arrange this
supervision:® Hospitals have shown little interest in
requiring this experience, and legitimate difficulties exist
when a surgeon is in a rural environment and no other
surgeons are available, or when a surgeon is the first in
an area to perform a procedure. If it is impossible for a
surgeon to arrange a supervised experience, then he or
she should bring an assistant or partner to the course,
because this has been shown to reduce the incidence of
complications during the initial experient®.
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Suggested Directions for Research and
Study

More research is needed to increase our understanding of
the training needs for practicing surgeons. Improving
CMEST is an important way to reduce preventable compli-
cations. Having surgeons involved in research designed to
improve CMEST should provide evidence to the public that
the profession is committed to improving the quality of

surgical care by reducing errots.
1.

67

Evaluate the educational effectiveness of CMEST
short courses.The short courses that are currently
offered do not provide adequate training in new tech-
niques, but they are an important venue for innova-
tions in patient care. Can this format be improved so
that it may be preserved? The learning needs of prac-
ticing surgeons must be examined and the educational
impact of short courses reviewed. The goal of these
courses should be to produce surgeons who can per-
form a procedure on patients with a minimum of error.

Ann. Surg. « February 2001

CME would seem applicable to CMEST. For exam-
ple, it has been shown that there is greater perfor-
mance change when all participants are from the same
practice setting® This is thought to be true because
the local environment was enhanced when the course
participants returned to their practice setting. This
would appear to be true for CMEST as well, because
the rate of complications was reduced when the phy-
sician brought a partner to the course.

. Investigate ways improve the efficiency of CMEST.
Taking time away from a practice creates substantial
hardships for surgeons. What is known about produc-
ing the most efficient and effective teaching and learn-
ing of motor skills learning should be applied to
CMEST. For example, it is known that by varying the
distribution of practice, it is possible to modify the rate
of learning®*"* Enhancing the efficiency of learning
would shorten the course and reduce the time require-
ments and costs for participants.

The first area of research should be to establish pre- In COHC'USion, this review of the first decade of MAS

dictive validity between performance on models andexperience provides several useful lessons that can be ap-
performance with patients. If the predictive validity is Plied to improve CMEST. Perhaps the most powerful lesson
low, then the courses must be either improved oriS that ample evidence has been generated showing that

. Develop and evaluate alternative training curric-

. Determine which attributes of effective CME apply

eliminated. Research is needed on the effective use dhe

re is much in common between learning a surgical skill

computer-based instruction. This instructional tooland other motor skills acquisition. This provides the oppor-

should allow the simulation of pathologic states that istun
not possible in animal models. This would reduce themo

ity to improve CMEST by applying what is known of
tor skills teaching. Investigation in motor skills learning

need for animals and might enhance the effectivenesBegan a century ago in response to telegraphy, the techno-

of transferring skills from the course to patients. log

ic innovation of that day® In the same way, MAS has

drawn attention to technical skills instruction and should

ula. It some cases, it may not be possible to teach d@rovide the impetus for research that will improve CMEST
technique in a day-long short course. Are the |0ngerand possibly contribute to the field of motor skills acquisi-

alternatives that have been suggestéd effective?
Are they practical for practicing surgeons?

. Determine the feasibility of a training network. It

tion in general.

has been argued that CME is an obligation of acaReferences
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