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Abstract

Background: The identification of developmental curve patterns generated by a simulation-based educational
method and the variables that can accelerate the learning process will result in cost-effective training. This study
describes the learning curves of a simulation-based instructional design (ID) that uses ex vivo animal models to
teach laparoscopic latero-lateral small bowel anastomosis.

Methods: Twenty general surgery residents were evaluated on their performance of laparoscopic latero-lateral
jejuno-jejunal anastomoses (JJA) and gastro-jejunal anastomoses (GJA), using swine small bowel and stomach on
an endotrainer. The ID included the following steps: (1) provision of references and videos demonstrating the
surgical technique, (2) creation of an engaging context for learning, (3) critical review of the literature and video
on the procedures, (4) demonstration of the critical steps, (5) hands-on practice, (6) in-action instructor’s feedback,
(7) quality assessment, (8) debriefing at the end of the session, and (9) deliberate and repetitive practice. Time was
recorded from the beginning to the completion of the procedure, along with the presence or absence of
anastomotic leaks.

Results: The participants needed to perform 23.8 +6.96 GJA (12-35) and 24.2 + 6.96 JJA (9-43) to attain proficiency.
The starting point of the learning curve was higher for the GJA than for the JJA, although the slope and plateau
were parallel. Further, four types of learning curves were identified: (1) exponential, (2) rapid, (3) slow, and (4) no
tendency. The type of pattern could be predicted after procedure number 8.

Conclusions: These findings may help to identify the learning curve of a trainee early in the developmental
process, estimate the number of sessions required to reach a performance goal, determine a trainee’s readiness to
practice the procedure on patients, and identify the subjects who lack the innate technical abilities. It may help
motivated individuals to become reflective and self-regulated learners. Moreover, the standardization of the ID may
help to measure the effectiveness of learning strategies and make comparisons with other educational strategies.
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Background

During the past decade, many studies have strengthened
the evidence supporting the use of simulation-based
training in surgery [1, 2]. Research has shown improve-
ment in learning clinical, procedural, and behavioral
skills [3]; transfer of learning from the simulation lab to
clinical settings [4, 5]; the potential to improve quality of
care [6]; a decrease in intra- and postoperative complica-
tions; and reduced length of hospital stay [7] when com-
pared with standard instructional methods.

In response to these results, the American College of
Surgeons (ACS) and the Association of Program Direc-
tors in Surgery (APDS) in the United States of America
(USA) have made efforts to enhance resident training by
implementing the National Surgical Skills Curriculum in
the USA. This curriculum has been carefully structured
and designed by content experts to enhance resident
training through a web-based open platform and repro-
ducible simulations [8]. As a standardized ready-to-use
skills training program, it represents a milestone in sur-
gical education that has the potential to reduce costs of
development [9].

Despite the benefits of the National Surgical Skills
Curriculum, the overall rate of its adoption in surgical
residency programs is still lagging behind. Many insti-
tutes have incorporated simulation labs, but training op-
portunities are still limited due to the lack of faculty
protected time, significant costs, and resident work-hour
restrictions [10]. Consequently, research is shifting from
evaluating the effectiveness of simulation to finding the
most efficient methodologies for training surgical teams.
In this regard, and to address these challenges, the Con-
sortium of the ACS Accredited Education Institutes
(AEI) and the Committee on Simulation of the Associ-
ation for Surgical Education (ASE) were launched. The
AEI Consortium, which was founded in the USA, is a glo-
bal network of 77 institutes. The initial institutes were
accredited by the ACS in June 2006 to promote patient
safety, develop new education and technologies, identify
best practices, and promote research and collaboration.
The Committee on Simulation of the ASE, which was
established in the USA in 2009, represents over 190 med-
ical schools and institutes throughout Canada and the
USA. Both share the mission of advancing simulation-
based surgical education internationally, and one of their
goals is to foster innovative research projects and educa-
tional programs that promote the identification of best
practices [11]. In addition, they offer cost-effective solu-
tions to address challenges associated with the widespread
adoption of surgical simulations [12].

Until now, studies have not focused on implementation
strategies or ways to improve the efficiency of simulation-
based training. Nevertheless, evidence-based instructional
design (ID) has become increasingly important when
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aiming for specific learning outcomes over a specific
period of time [13]. In surgical training, learning curves
are used to plot the number of attempts required to mas-
ter a procedure, and a better understanding of the learning
curve is essential to demonstrate surgical training [14].
Many difficult surgical procedures have a “flattened”
learning curve, and trainees may undergo a training
period without achieving the “plateau” of proficiency [15].
Furthermore, the learning rate for laparoscopic skills may
vary with the training method and might slow down after
a certain number of repetitions. In this regard, experi-
enced surgeons did not improve their error or the econ-
omy of movement scores on a virtual reality training
system after several repetitions, indicating the absence of
progression for these parameters [16]. The clinical import-
ance of this concept is that patients should not be exposed
to surgeons operating during the early phase of their train-
ing. It is critical that learning curves are not used to justify
the need for “hands-on” experience or to rationalize com-
plications under the false notion that they are acceptable
while acquiring new skills [16]. The challenge is to employ
teaching strategies and provide enough time to ensure the
proficiency or expertise has been achieved in the simula-
tion lab before operating on patients [14]. Therefore, once
an ID is developed, it should be tested to ensure that it
meets the learning objectives and is effective when used
with participants. We believe that the identification of the
specific developmental curves generated by different train-
ing methods is the first step to design evidence-based,
cost-effective educational programs.

This study describes the types of developmental curves
generated by a defined simulation-based ID using ex vivo
animal models to teach laparoscopic latero-lateral small
bowel anastomosis. Small bowel anastomoses were se-
lected because they are one of the most common proce-
dures performed in gastric and intestinal, elective, and
emergency general surgery. Laparoscopy has gained wide
acceptance because it allows a faster return to normal ac-
tivity and diet, reduced hospital stay, and reduced rate of
complications (e.g., hernia, adhesive small bowel obstruc-
tion, postoperative pain, emesis) when compared to open
access [17]. Nevertheless, even though the procedure is
performed using a meticulous technique, anastomosis
leakage is a common complication that results in signifi-
cant morbidity and mortality (22 % mortality rate among
patients with leakage vs. 7.2 % mortality rate among those
without leakage) [18]. We hypothesized that trainees
would display different learning curves.

Methods

Setting and context

The research was conducted at an ACS/AEI at a univer-
sity hospital in Spain. The hospital offers resident phys-
ician training as well as two fellowship programs in
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surgery, 900 beds and more than 50 clinical specialties
and is affiliated with medical and nursing schools [19].
After 6 years of medical training, candidates have to
complete a 5-year general surgery residency program
(the first year of residency introduces specialist training
in surgery). Residency training programs in Spain are co-
ordinated by the National Surgery Commission follow-
ing requirements of the National Council of Specialties,
the advisory body in health sciences for the Ministry of
Health and Education. Every hospital must develop its
own program following the Ministry’s directives [20].

Trainees and residency program

Twenty general surgery residents (women, 60 %; men,
40 %) participated in the study. The resident program at
our institution includes 11 sequential modules that fol-
low the National Surgery Commission Curriculum and
the ACS/APDS Surgery Resident Skills Curriculum. Each
module is conducted during a specific period of the resi-
dency program and integrates knowledge acquisition
and simulation lab practice with clinical practice. The
study took place during the “Basic Laparoscopic Intes-
tinal Anastomoses Module,” which includes small bowel
and gastric laparoscopic anastomosis. This module is
conducted during the second and third years of resi-
dency and comprises six sessions (4 h each) of individual
practice in the simulation lab each year (48 h). The
module is scheduled in two consecutive sessions during
the first, second, and fourth trimesters. Practice is
mandatory and takes place in the afternoon, once clin-
ical work is completed. The rationale behind this pro-
gram is that daily practice for several consecutive days
results in the completion of a standardized exercise
while minimizing fatigue for novices [21], and subse-
quent, repetitive deliberate practice and robust feedback
promotes mastery at learning [22]. In our hospital, resi-
dents do not apply the specific competencies acquired
during a module on patients until the theoretical and
simulation-based sections of the module have been com-
pleted. Under this arrangement, residents do not prac-
tice small bowel laparoscopic anastomoses on patients
until the end of their third year. During the study, they
practiced laparoscopic appendectomy and cholecystec-
tomy, as well as small bowel and gastric anastomoses
through laparotomy (and other open abdominal surgery
techniques learned in the previous modules), which may
have had confounding effects on the rate of learning.
This variable was the same for all subjects in the study.

Procedures

Residents were evaluated on their performance of laparo-
scopic latero-lateral jejuno-jejunal anastomosis (JJA) and
gastro-jejunal anastomosis (GJA). All anastomoses were
5 c¢cm long. They were performed using ex vivo swine small
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bowel and stomach on an endotrainer. All samples had a
standard length of 12 cm. Continuous absorbable (3/0) su-
ture was performed.

In a previous prospective study, the time required to
perform an anastomosis with no loose sutures, edge
eversion, or leakage in relation to training time was al-
most parallel for both procedures [23].

Instructional design

The ID was based on Kolb’s model of experiential learn-
ing [24], a revision of Bloom’s taxonomy of educational
objectives [25], Ericsson’s deliberate and repetitive prac-
tice theory [26], and Rudolph et al’s theories on estab-
lishing a safe container for learning in simulation [27],
and conducting feedback and debriefing [28]. The train-
ing course was designed according to measurable objec-
tives and clinical standards of care [29] and included
these theories and concepts based on the framework to
teach procedural skills developed by the Center for Med-
ical Simulation (CMS) to promote consistent structure,
process, and educational outcomes [30]. Thus, it com-
prised the following sequential steps:

(1)Provision of a bibliography and prerecorded videos
demonstrating the surgical technique to facilitate
knowledge acquisition of the targeted objective (first
level of Bloom’s taxonomy for knowledge-based
goals). The materials were sent 15 days in advance
for the residents to study and watch on their own.
The journal articles and book chapters described
and demonstrated actual clinical standards in small
bowel anastomoses (to restore intestinal continuity
and prevent anastomotic leaks).

(2)Introduction to the simulation session (also known
as the pre-simulation briefing) in order to establish
and maintain an engaging context for learning (CMS
approach). The specific practices that were identified
as useful included clarifying objectives, the simula-
tion environment (i.e., simulators, equipment, loca-
tion of supplies, etc.), roles, confidentiality, and
expectations. This involved establishing a “fiction
contract” (in which the instructor committed to
make the situation as real as possible, while acknow-
ledging its limitations, and the participant commit-
ted to act as if everything was real), attending to
logistic details, expressing respect for the learners,
and showing interest in their perspective.

(3)Discussion of the articles and a review of the
procedure using the video to facilitate the
comprehension of the information previously
provided (second level of Bloom’s taxonomy for
knowledge-based goals).

(4)Live demonstration of the critical steps of the
surgical technique by the instructor to facilitate
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procedural knowledge (knowledge of subject-specific
techniques and methods of the revised Bloom’s tax-

onomy; this drew attention to the fundamental role

of imitation in skill acquisition).

(5)Hands-on practice to advance the ability to
physically manipulate the laparoscopic instruments
and skillfully perform a quick, accurate, and highly
coordinated surgical technique (Bloom’s taxonomy
of educational objectives for skills-based goals).

(6)In-action structured feedback (within practice
encounters) to promote the learning of a complex
skill in the early stages including trial and error
(Bloom’s psychomotor domain).

(7) Time measurement and quality assessment of the
anastomosis following the clinical standards
described below.

(8) Debriefing at the end of each training session to
reflect on the experience and conceptualize what
went well and what should be done differently next
time (second and third stages of Kolb’s theory). The
debriefing followed a “good judgment” approach,
which combined feedback with genuine inquiry. It
specified a rigorous reflection process that would
help trainees identify and resolve pressing clinical
and behavioral dilemmas raised by the simulation
(CMS concepts and theories).

(9)Deliberate and repetitive practice with the specific
objectives detected during the previous session to
facilitate expert performance (Ericsson’s theory).

Assessment

Times were recorded from the beginning to the comple-
tion of the procedure, and the presence or absence of
anastomotic leaks was noted. Samples were filled with
colored water to test the tightness of the anastomoses. A
previous study established the benchmark for perform-
ance standards in the lab following extensive training
with abdominal simulators to master the technique. It
was defined by the mean anastomotic time for end-to-
end anastomoses (50 min) in animals that survived for
2 weeks. At the end of that period, a reoperation was
undertaken to verify whether there were any leaks,
obstructions, or adhesions [23, 31]. The residents
were considered to have reached proficiency when an
anastomosis was completed within the upper limit of
the benchmark confidence interval (CI 60.5 min)
without leakage.

The most important technical factor that can influence
anastomotic healing and the prevention of leakage is the
accurate union of the two bowel ends. This is best
achieved by meticulous technique that includes accurate
seromuscular apposition, size and spacing between each
suture, and tension between the ends [18]. These factors
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were used to guide feedback, but the data were not re-
corded for this study.

Statistical analysis

Means, median, standard deviation (SD), and interquar-
tile range were employed for numerical variables. In
addition, the Wilson Score was used to determine Cls
and percentages for qualitative variables, while the
Mann-Whitney U test was utilized to compare medians.
The learning curve of each trainee was determined by
using the time of the procedures along with polynomial
regression and was adjusted to the fifth degree [32]. To
obtain a graphical representation of the four learning
curves, locally weighted scatterplot smoothing (LOW-
ESS) was used. LOWESS utilizes multiple regression
models that enable smoothing of the data. Each point
along the regression curve was produced by a weighted
linear least-squares regression to fit the data in the
neighborhood of the local point, with the weights de-
clining as x values moved farther from the x value of
the local point [33]. R program (R Foundation for Stat-
istical Computing, Vienna, Austria) was used for all
statistical analyses [34]; we applied package car for non-
parametric regression [33]. p < 0.05 was considered sta-
tistically significant.

Ethical approval and informed consent

The study protocol (code: 2014.216) was approved by
the Ethics and Research Committee of the Autonomous
Region of Cantabria (Spain), and informed consent was
obtained from all participants.

Results

Overall results

A total number of 476 GJA procedures and 483 JJA proce-
dures were performed. Each participant completed an
average of 48 +15.3 anastomoses, including the cases
performed after reaching the standards. The number of
procedures was slightly lower among male residents (42 +
14.6) compared to female residents (52 + 15.0), although
the difference was not significant (p =0.176 with the
Mann-Whitney U test). The average training time was
73.7 min (SD 32.99, range 24—255) for GJA and 57.4 min
(SD 20.43, range 17-155) for JJA.

GJA
The participants needed to perform 23.8 +6.96 proce-
dures (range =12-35) to attain proficiency. Eighty-five
percent of participants attained the standards after 30
anastomoses. Eight residents required between 12 and
20 repetitions, nine residents between 21 and 30 repeti-
tions, and three residents between 31 and 35 repetitions.
An individual analysis of the data resulted in the de-
scription of four types of learning curves (Table 1):
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Table 1 Learning curve patterns for laparoscopic latero-lateral gastro-jejunal (GJA) and jejuno-jejunal anastomosis (JJA)

Learning curve
1: exponential

Starting point: high

Learning curve
2: rapid

Learning curve
3: slow

Learning curve
4: no tendency

Starting point: low Starting point: low Starting point: No tendency

Slope: steep Slope: medium Slope: gentle Slope: no tendency

Time to complete first procedure GJA 1458 £ 163 104074 1733+375 107.8+£35.0

(min  30) JA 1350 + 150 627+309 8534263 750+ 260

Time to complete final procedure GJA 465+ 89 442+153 470+£6.0 71.2+20.1

(min £ 5D) JA 470 £ 147 420185 507 +145 618108
Number of residents GJA 6 4 6 4
JIA 3 9 3 5

SD standard deviation

type 1: exponential (30 % of participants, CI 95 %
14.5-51.9 %); type 2: rapid (20 %, CI 95 % 8.1-41.6 %);
type 3: slow (30 %, CI 95 % 14.5-51.9 %); and type 4:
no tendency (20 %, CI 95 % 8.1-41.6 %). The starting
point (time required to perform initial procedures)
was higher among type 1 learners compared to type 2
learners, but both reached proficiency after 10 to 15
cases. Consequently, the type 1 slope (rate of learning)
was steeper. Type 3 learners had a starting point simi-
lar to that of type 2 learners, but the rate of learning
was slower, as these learners needed 20 to 25 cases to
attain proficiency. The last group showed no clear ten-
dency in the rate of learning, and performance did not
improve consistently during the time of the study.

These patterns could be predicted after procedure
number 8 (Fig. 1).

JJA
The participants needed to perform 24.2 + 6.96 proce-
dures (range = 9-43) to achieve proficiency. Eighty-five
percent of participants attained standards after 34 anas-
tomoses. Nine residents required between 9 and 20 rep-
etitions, four residents required between 21 and 30
repetitions, and seven residents required between 31 and
43 repetitions.

The individual analysis also enabled identification of
the same four types of learning curves (Fig. 2): type 1:
exponential (15 % of participants, CI 95 % 5.2—-36.0 %);

Learning curve type 1

250

200 —

150 —

100

time (min)

50 —

0 4

T T T T T T T T
0 5 10 15 20 25 30 35

Number of Gastro-Jejunal anastomoses

Learning curve type 3

250

200

150

100

time (min)

50 +

0

1T T T T T 1
0O 5 10 15 20 25 30 35

Number of Gastro-Jejunal anastomoses

Fig. 1 Learning curve patterns for gastro-jejunal anastomosis. Colored red dots indicate anastomotic leakage
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Learning curve type 1
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Fig. 2 Learning curve patterns for jejuno-jejunal anastomosis. Colored red dots indicate anastomotic leakage
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type 2: rapid (45 % of participants, CI 95 % 25.8—
65.8 %); type 3: slow (15 % of participants, CI 95 % 5.2—
36.0 %); and type 4: no tendency (25 % of participants,
CI 95 %: 11.2-46.9 %). The differences in start time and
the number of cases needed to achieve proficiency are
shown in Table 1. As seen for GJA, the patterns of JJA
could be predicted after procedure number 8.

GJA and JJA combined

Figure 3 combines the overall learning curves of both
procedures. The starting point for GJA was higher, al-
though the slope and plateau were parallel.

Discussion
The characteristics of the ID of a simulation-based train-
ing course may influence the performance level that the
participants can achieve as well as the time needed to at-
tain that level [29]. Our results showed that residents
had to perform an average of 23.8 procedures to attain
proficiency in GJA and 24.2 for JJA, while 85 % of them
met the standards after 30 GJA and 34 JJA. An individ-
ual analysis of anastomotic time enabled description of
four types of learning curves (exponential, rapid, slow,
and no tendency) that could be predicted after proced-
ure number 8.

In another study that used a standardized technique to
teach laparoscopic bowel anastomoses, the learning process

required 40 procedures with a simulator [31], instead of the
23.8 and 24.2 in our study. We think the difference may lie
in the fact that the study aimed to standardize the suturing
technique used for the anastomosis and not to define a
comprehensive ID. In a series registered in our simulation
lab between 2004 and 2007, the average training time to
complete GJA and JJA was 87.2 and 72.7 min, respectively
[23]. The reduction of training time found in the present
study (73.7 min for GJA and 57.4 min for JJA) followed the
redesign and standardization of the ID using the educa-
tional concepts and theories described above. To correlate
the ID with learning outcomes, it is important to define the
methodology used [13]. A critical issue when defining the
ID is to clearly differentiate the tools used for learning from
the actual educational methods [35]. In surgical simula-
tions, this has been a challenge, as the simulator itself has
frequently been regarded as the educational method. On
the other hand, the same simulators (e.g, endotrainers,
virtual simulators, mannequins) can be used in widely dif-
ferent educational methods. Therefore, the ID represents
the specific techniques used for learning.

In our study, time was the principal criterion for deter-
mining the learning curve. In a systematic review of
minimally invasive abdominal surgery, the procedural
time was also the most commonly used variable (86 %).
Other outcomes frequently measured included intraop-
erative outcomes (56 %), postoperative outcomes (54 %),
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Fig. 3 Comparison of the overall learning rate of latero-lateral
gastro-jejunal anastomosis and jejuno-jejunal anastomosis
.

intraoperative technical skills (17 %), and patient-
oriented outcomes (49, 8 %). In our study, leakage, an
intra- and postoperative outcome, was the main variable
assessed, as observed in the majority of the articles re-
vised [36]. The overall results show a typical learning
curve as described in the Dreyfus Model of Skill
Acquisition, with an initial phase of rapid qualification
followed by another phase of slow development [37].
Despite the fact that different surgeons are likely to
learn at different rates, most studies compare mean dur-
ation of the operation between groups [36]. In our study,
however, four types of learning curves were identified
for both types of anastomosis. The trainees with an ex-
ponential pattern (type 1) showed a higher starting point
than those showing a rapid curve (type 2), but both
reached the standards after a comparable number of
procedures. The different starting point reveals that each
person has individual experiences and backgrounds out-
side and inside the operating room that can lead to a dif-
ferent initial level of expertise. Some participants may
have played video games before the study, and video
game users seem to learn endoscopic techniques more
quickly [38]. On the other hand, participants practiced
laparoscopic appendectomy and cholecystectomy during
the study, and the differences in previous experience
may have influenced the starting point. Interestingly, the
slope of the curve (how fast a person learns a new task)
was similar for both groups, which might demonstrate
that the generic skills in laparoscopy (i.e., innate psycho-
motor abilities) were similar among the participants in
the two groups. The trainees with a slow learning curve
(type 3) did not need longer time to complete the initial
procedures, which might also be correlated with previous
experience. However, the rate of learning was slower than
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that of the participants in the type 1 and 2 groups, which
probably indicates lower innate psychomotor abilities.
Interestingly, this group was also capable of obtaining pro-
ficiency with deliberate and repetitive practice with feed-
back. The type 4 trainees showed no clear tendency. This
correlates with previous observations that indicate certain
individuals cannot attain proficiency despite extensive
training. This is a controversial issue. Do these subjects
lack the abilities to develop laparoscopic technical skills,
or are the ID and time allotment inadequate? This ques-
tion poses a challenge for the professional bodies respon-
sible for training and certification. If a type 4 (or 3)
learning pattern is identified, instructors can use the tech-
nical factors described in the Methods section to guide
formative assessment, identify common errors, and pre-
scribe repetitive and deliberate practice until performance
improves. When type 1 and 2 participants attain profi-
ciency, they either continue to practice to reach expert or
master level, operate on patients with supervision, or learn
another procedure.

Figures 1 and 2 provide examples of each type of
learning pattern. The percentage of individuals with
a type 2 learning curve was higher for JJA (45 vs.
20 %). This result, coupled with the lesser time re-
quired to complete an anastomosis during the entire
learning curve, confirms a faster rate of learning
with this procedure.

These findings have potential implications for design-
ing training programs for residents or for experienced
surgeons aiming to learn new procedures.

This study has implications for how simulation train-
ing is implemented in educational curricula. To date,
many simulation-based educational programs have been
designed to include as many competencies as possible
within the time frame available for training, without tak-
ing into consideration learning outcomes [39]. This
approach may not ensure that all trainees reach profi-
ciency (or mastery) for each competency. Knowing the
average training time needed with a specific ID will help
estimate the number of sessions required to reach the
performance goal. Using this approach may limit the
number of procedures taught using simulation to those
that are more prevalent, complex, and associated with a
higher risk of patient morbidity and mortality.

Another implication of this study is that it suggests a
more effective use of resources available for training.
The deep understanding of the different learning pat-
terns generated by a specific ID enables early identifica-
tion of individual learning needs. This can be detected
early in the developmental process (after eight proce-
dures in our results). This helps to plan the probable
number of procedures required by a particular individ-
ual. Trainees who reach the desired level early can
move on to another module, and trainees who need
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more practice may seek specific advice and feedback
early on [40].

Another finding of this performance-oriented individ-
ual approach is the need to identify reliable, objective,
long-term outcomes, and also develop valid and reliable
tools to assess performance [41]. This is especially im-
portant for institutions that wish to (1) certify surgeons
based on objective, valid, and transparent criteria and (2)
implement a skills-assessment curriculum to identify in-
dividuals that may not attain proficiency despite exten-
sive training (type 4). In the latter case, we believe
assessment should be done before trainees formally en-
roll in a residency, preferably in medical school, to help
the subjects who lack these innate abilities choose an
alternative professional field [42].

The precise definition of proficiency in terms of
learners’ achievement will determine a trainee’s readiness
to proceed with patients. This also may impact patient
safety, as it sets a definable milestone for transitioning to
clinical practice.

Finally, creating opportunities for individualized
instructor-guided training and reflection may help
motivated individuals to become reflective and self-
regulated learners. They can potentially have the tools
to improve their own and other team members’ per-
formance throughout their career [43].

There are several limitations of this study. The learn-
ing curve patterns resulted from an individual analysis of
the participants and not from integration of all results
into groups. This was due to a limited number of
trainees, and additional cases are needed to validate the
patterns we identified. The 2-year duration of the study
was based on the timing of the actual resident training pro-
gram. Future research should be planned during a shorter
time period to prevent the influence of confounding effects
while practicing other minimally invasive techniques. Par-
ticipant characteristics such as previous experience with
laparoscopic techniques, video game use, concurrent surgi-
cal activity during the study, or innate psychomotor ability
testing were not evaluated and might have correlated to the
different learning curves. Finally, this study evaluated one
ID—there was no comparison group—and the results were
compared to other ID studies described in the literature.

These findings suggest several paths for future re-
search. Once learning curve patterns have been identi-
fied and correlated with a specific ID, studies can search
for evidence of the most effective strategies within a
design. Findings can be related to the sequence and ele-
ments of the ID used to build the training activity or to
the educational methods within each element so that
they can better support the learning needs of trainees
while accelerating learning.

We propose several strategies to analyze the impact on
the rate of learning. One is “part-task” training, wherein
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tasks are deconstructed into parts to be learned separ-
ately before practicing the procedure as a whole [44].
Another is cognitive task analysis, which identifies the
knowledge, thought processes, and goal structures experts
rely on during task performance [45]. Another strategy is
guided experiential learning, wherein learners receive
strong, early guidance through a script and storyboarded
video demonstrations, procedural checklists, practice with
increasingly difficult problems, and evaluations [46]. There
are numerous debriefing methods that can be compared
(good judgment [28], video-assisted [47], in-simulation
[48], technical and cognitive [49], within-team [50], scripted
[51], and a blended approach [52]). In our study, we
used an ex vivo animal model, but live tissue, cadavers,
or virtual simulators can also be compared [53, 54].
Other strategies can include activation and assessment
of prior knowledge [55], spatial analysis and video gam-
ing skills [56], and early detection, classification, and
correction of consequential errors [57].

Conclusions

In our series, an average of 24 procedures were needed
to attain proficiency in latero-lateral JJA and GJA ac-
cording to measurable objectives, clinical standards of
care, and a standardized ID. However, individually, the
number of cases completed did not correlate well with
time and errors. In fact, trainees were able to learn lap-
aroscopic skills at different rates. In this regard, four
types of learning curves were identified that could be
predicted after eight procedures. These findings suggest
that determining progression from a novice level to mas-
ter level for laparoscopic small bowel anastomosis does
not mainly depend on the number of cases, but rather
the training needs have to be individualized. While our
results indicate several ID principles for developing ef-
fective simulation-based experiences, there is still a
promising area for research to better understand what
drives consistent learning outcomes.
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